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I. Introduction

The appearance of the sea lamprey, Petromyzon marinus, in
the upper Great Lakes and its spread and multiplication in these
waters during the past two decades has become a matter of in-
creasing concern to those engaged in the fishing industry and to
conservation agencies in those states bordering on the lsakes.
As early as 1937, Hubbs and Pope (1937) suggested that this preda-
tory parasite might become an increasingly damaging factor in an
already depleted fishery., The gravity of the problem today is all
too apparent in the large spawning runs of this species observed
in Michigan streams and in the reports of lamprey-scarred fish
submitted by commercial fishermen.,

In June of 1946, the Michigan Conservation Commission ordered
a comprehensive investigation and study on the sea lamprey in
Great Lakes waters, with the object of attempting to discover and
develop effective control methods. Irmediately following this
directive, information was solicited from commercial fishermen by
the conservation officers concerning known spawning streams, per-—
centage of total fish taken that were scarred, and the effect of
scars on the marketability of the fish. These data were swmar-
ized by Shetter (1949) and are discussed, in part, elsewhere in
this report.

The problem received further consideration in September and
November, 1946, at conferences called by Dr. John Van Oosten, In
Charge, Great Lakes Fishery Investigations, U. S, Fish and Wild-
life Service, with representatives from the states bordering on
the Great Lakes and from the Province of Ontario attending, A
Great Lakes Sea Lamprey Committee was formed and a coordinated
program of investigation and study was evolved, A sumery of the
activities of this Committee and the 1mplemunt1ng Jegislahion has
been presented by Applegate (1947)«

The present report will discuss the results of various phases
of an intensive study of the distribution and life histoiwy of the
sea lamprey in Ifichigan waters, begun early in 1947 by the Michigan
Institute for Fisheries Research. These investigations represent
this State's part of the cooperative program of research outlined
at the previously cited conferences. The initial step in the in-
vestigations was an inventory of the size and distribubion of sea
lamprey spawming runs entering Michigan streams in the spring.

This information is vitally important for it provides a measure of
the population to be considered for reduction and a basis for cost
estimation for certain proposed controls. The results of this in-
ventory conducted in 19E7 and 1948 follow, preceded by a sumary
of the records which illustrate the spread and increase of the sea
lamprey in the upper Great Lakes. ‘



II, History of the sea lamprey in the Great Lakes

A recapitulation of the distribution of the sea lamprey as
embodied in published reports and sumaries of reports (Hubbs and
Pope, 1937; Shettver, 1949) is necessary to provide a background
for this paper., Additional unpublished records have been added
to augment the present known data.

Prior to November 8, 1921, when an adult specimen was re-
covered in Lake FErie, the sea lamprey had been known in the Great
Lakes basin only from Lake Ontario and its tributaries. In these
waters it is apparentiy native and occurs abundantly in a dwarfed
form. Locally it is known as the "lake lamprey" and is about one
half the size of the large sea lamprey of marine habit. These adult
"lake lampreys" probably do not exceed 15 inches in total lenghh.
Their destructive attacks upon native food and game fishes were
noted at an early date (Gage, 1893, 1928; Surface, 1898, 1399;
Huntsman, 1917; Dymond, Hart, and Pritchard, 1929).

Until recent times, the spread of the sea lamprey into the
upper Great Lakes was blocked by the Niagara Falls.%/ It is believed
that access was granted the species to the waters above the Falls
by the construction of the Welland Canal between Lakes Ontaric and
Erie. This canal was first opened to shipping in 1829 and was re-
constructed into its present system of seven locks in 1932 (Zirmer-
mapn and Bright, 1942)., It is interesting to note that there is a
lapse of 92 years between the opening of the canal and the identi-
fication of the first sea lamprey in Lake Erie, The present locks
of the Welland Canal are considered inadequate and are the object
of current agitation for improvement of the St. Lawrence Waterwsy.
It is a comsideration, that further enlargement and improvement of
these structures will implement further ingress of sea lampreys
from Lake Ontario into the western Great Lakes.,

\%‘Bensley (1915) included Petromyzon marinus provisionally in
"Fishes of Georgian Bay" based on reports of fishermen that lampreys
15 inches long were sometimes taken on whitefish and trout from
deep water, Radforth (19Ll) suggested that these specimens may
have found their way into Lake Huron via the Trent Waterway but did
not think it likely., We must therefore concur with the opinion of
Hubbs and Pope (1937) that this hearsay report was based or a native
lamprey (Ichthyomyzon sp.).




The completion of the Trent Waterway connecting Lake Ontario
and Georgian Bay (Lake Huron) in 1918 opened another possible, bui
somewhat improbable, means of introduction into the upper lakes.
This system consists of approximately 235 miles of circuitous
waterway extending from Trenton, Ontario, on Lake Ontario to Port
Severn on Georgian Bay of Lake Huron. It embraces L6 boat locks,
32 1/ miles of constructed canal, and numerous power and water
level maintenance dams creating heads as great as 58 feet. Boat
traffic in the system is not heavy. The sea lamprey might have
distributed itself into Lake Huron by this route, but the weight
of evidence indicates that they gained entrance to the upper lakes
via the Welland Canal.

In the two and one half decades following the capture in 1921
of the first adult specimen in Lake Erie, the sea lamprey has
dispersed rapidly throughout the upper lakes establishing itself
in Lakes Erie, Huron, and Michigan in that order. Recent reports
indicate that it had become established in Lake Superior at least
by 1945. Although its spread and multiplication has not approached
the spectacular quality of another exotic introduction, the smelt
(Osmerus mordax), it is nonetheless firmly established and present
in large numbers.

The history of the spread of the sea lamprey in the Great
lakes is written in the chronology of all available records,
published and unpublished. A sumary is presented herewith, by
drainages, which documents its spread. The period covered is 1921
through 1948. This is the interval during which the establishment
of the sea lamprey was recognized throughout the Great Lakes. In
the following summary, notations concerning the nature of the
record and the souwrce are included wherever possible.

1921

' Lake Erie and tributaries.—One specimen, 21 inches long, taken off
shore from Merlin, Ontario, in central Iake Erie on November 8,

1921 (Dymond, 1922).

1927

Lake Erie and tributaries.— One specimen caught near West Sister
Tsland, Ohio, on November 1li, 1927 (Osburn, Wickliff and
Trautman, 1930). One specimen calght near Sandusky, Ohioj;
identified by Dr. John Van Oosten (Hubbs and Brown, 1929).




Lake

19283

Erie and tributaries.——One.specimen,:22 inches long, taken at

Laks

Pointe Aux Pins, opposite Rondeau Harbor, Ontario (date not
given), W. C. Bates who captured this specimen reporited to
Dr. Van Oosten that he occasionally took large lampreys in

his nets (Hubbs and Brown, 1929). One specimen collected near
Sandusky, Ohio, in the spring by a Mr. W. . Tidd (Hubbs and
Brown, 1929).

1930

Erie and tributaries.—-One specimen, 13.75 inches long, taken

Lake

by a fisherman in the St. Clair River in second week of May,
1930; attached to a L.5-pound "pikeperch" (Hubbs and Pope,
1937). .

1932

Erie and tributaries.-—Adult specimen collected in the Huron

Lake

River at Flat Rock, Wayne County, Michigan, on May 8, 1932
(Creaser, 1932); this was the first record of a spawning
migrant and verified establishment of the species in Lake Frie.
Penetration into Lakes St. Clair and Huron was probably well
begun on, or before, this date,

193)

Erie and tributaries.——A mature sea lamprey, 455 millimeters

Lake

long, collected in Swan Creek, tributary of the Maumee River
in Toledo, Chio, on May 8, 193L; spawning migrant (Hubbs and
Pope, 1937). }

St. Clair and tributaries.—Reportedly observed in Clinton

Lake

River at Rochester, Oakland County, Michigan, in spring by
Harry Yates of that city; spawning run? (Shetter, 1949).

1935
Erie and tributaries.—Two mature sea lampreys, 59 and 528

millimeters, respectively, collected in Swan Creek, Toledo,
Ohio, on April 26, 1935; spawning run (Hubbs and Pope, 1937).



1936

Michigan and tributaries.--One 15.5-inch male, presumably on

Lake

Lake

spawning run, taken in outlet of Elk Lake at Elk Rapids,
Antrim County, Michigan, on June 13, 1936 (Hubbs and Pope, -
1937). One immature adult, not quite 9 inches long, captured
5 miles south of Sturgeon Bay Canal, Door County, Wisconsin,
on August 1, 1936 (Hubbs and Pope, 1937). One immature adult,
17 inches long, taken just off St. James on Beaver Island on
October 19, 1936 (Hubbs and Pope, 1937). One lé-inch specimen
taken 15 miles east of Milwaukee, Wisconsin, on March 22, 1936;
attached to a L.5-pound lake trout (Hubbs and Pope, 1937).

1937

Huron and itributaries.——Spawning run reported in Ocquedc

Lake.

Lake

Lake

River, Presque Isle County, Michigan (Conservation Officer
Marvin Hortonts semi-monthly report).

Michigan and tributaries.—One specimen, 19 inches long, taken
37 miles east of Port Washington, Wisconsin, on February l,
1937; attached to a 3.5-pound lake trout (Hubbs and Pope, 1937).
One 20-inch specimen taken NW by W St, Joseph, Hichigan, on
March 2, 1937 (Hubbs and Pope, 1937).

1938

St. Clair and tributaries.—-Spawning observed on May 27, 1938,
in the Clinton River in Oakland County, Michigan (T3N, RI11E,

5.13) and in Macomb County, Michigan (T3N, R12E, S,19) by

M. B, Trautman and Dr. H. J. Deason (Trautman and Deason, 1938;
Unpubl. report). _ , ‘

Huron and tﬁbﬁtaries.——Dead specimen picked up in Laperell

Lake

Greek (T37N, RoW, S.2h), tributary to Cheboygan River, Cheboygan
County, Michigan, on July 12, 1933. Identified by Dr. C. W.
Creaser (verbal communication). ‘ R

1939

St. Clair and tribﬁtaries.-—-Nests and spawn:‘mg migrants ob-

" served by Dre He J. Deason on May 23 and 27, 1939, in the -
Clinton River, Oakland and Macomb counties, Michigan, ‘at loca-

tions observed in 1938. Fewer lampreys seen than in 1938 and
Deason suggests no increase in size of spawning run in this
river (Deason, 1939; Unpubl. report). _
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Lake

1o

Huron and tributaries.--Spawning run observed 'in the Au Gres

Lake

Lake

Rj.zreg', Josco County, Michigan, by Dr. D. S. Shet’t.er (Shetter,
1949

1943
Huron and tributaries.—A "young" sea lamprey was taken from

a lake trout caught off Kettle Point, Ontario, on May 22,
19h3 (Radforth, 19LhL).

Michigan and tributaries.—Spawning run observed in the Platte

Lake

Lake

River, Benzie County, Michigan, by Dr. D. S. Shetter (Shetter,
1949).

1oLl
Huron and tributaries.—Spawning runs observed in the Rifle
River ({Ogemaw County?), Mtichigan and the Ocqueoc River,

Przsc)me Isle County, Michigan, by Dr. D. S. Shetter (Shetter,
19h9).

19L5
Huron and tributaries.--Spawning run observed in the Ocqueoc

‘River, Presque Isle County, Michigan by Dr. D. S. Shetter

- (Shetter, 1949)., An adult sea lamprey, attached to a sucker,
- was taken near Topinabee, Michigan, in Mullet Lake, Cheboygan

Lake

County (Cheboygan River drainage); identified by Dr. C. W.
Creaser (verbal communication).

1946

Superior and tributaries.——An immature adult, 9.5 inches long,

was taken off Rock Harbor, Isle Royale, in early August,
19L46; identified by Dr. John Van Oosten. A large female, 490
milimeters long, was taken off Whitefish Point in eastern
Lake Superior in December, 1946 (Creaser, 1947).

Tributaries of all basins.—A survey primarily based on interviews

with commercial fishermen was made by Michigan conservation
officers in the late spring and early sumer. Spawning runs
were reportedly present in 68 Nichigan streams (Shetter,
1949). These latter records are discussed elsewhere in this
report.



1947

Lake Superior and tributaries.--An immature adult, 19.3 inches
Iong, was taken in May, L miles offshore in Grand Traverse
Bay, east slle of Keweenaw Peninsula; attached to lake trout
caught trolling; identified by V. C. Applegate.

Tributaries of all basins.—-Sea lamprey spawning runs were veri-
fied in 74 Michigan streams and reliably reported in 9
additional streams; see subsequent discussion.

1948

Lake Superior and tributaries.—A sexually maturing adult, 16.0
inches long, was taken on May 31, 1948, by Rino Merila,
fisherman at Portage Entry, on a reef 10 miles north of
Pt. Abbay (Baraga County); specimen attached to a é-~pound
lake trout taken by hook in 12 fathoms of water; identified
by V. C. Applegate. Dr. Raymond E. Johnson of the Minmesota
Department of Conservation reported the taking of the first
sea lamprey in the Minnesota waters of Lake Superior. The
spread may now be termed completed.

Tributaries of all basins.—Additional field investigations brought
the total spawning runs verified in Michigan streams to 92
with sea lampreys reliably reported in 16 additional streams;
see subsequent discussion.

ITI. The inventory of sea lamprey spawning streams

As mentioned previously, a survey of sea lamprey spawning
streams was conducted in 1946 by Michigan Conservation Officers,
primarily by means of inquiry from commercial fishermen., In all,
68 streams in Michigan were reported to have seaz lamprey spawning
runs (Shetter, 1949).

With the advent of an intensive program of research on the
sea lamprey, the need was felt for more precise infcrmation on the
size and location of the spawning runs in Michigan waters. Further-
more, it was deemed advisable to have trained fishery biolcgists
verify the presence of sea lampreys since four native species of
lampreys occur in the same region. These could lead to numercus
false reports.



The mechanics of the inventory in the year 1947 required the
cooperation of the Field Administration Division of the Department
of Conservation and the public at large, particularly organized
groups such as sportsmen's clubs, Boy Scouts, L-H clubs, etc.
Considerable publicity of the program preceded the known spawning
season. . Posters requesting cooperation from the public in report-
ing sea lamprey runs were put up by local conservation officers
along stream banks, in public buildings, and public meeting
places (Figure 1). These posters requested that the local conser-
vation officer be notified when sea lampreys were observed in
streams. The conservation officers were instructed to forward all
reports immediately to the district fishery biclogist within whose
zone they were located. Each officer received a memorandum along
with the supply of posters. The memo described the mechanics and
requirements of the program.

A1l reports were investigated by the district fishery biol-
ogists or other members of the Fish Division. Special report forms
(Figure 2) were provided each biologist to insure uniformity of the
data to be taken at each site of observations. Required were:
location; size of sea lamprey run; and characteristics of spawning
grounds.

The inventory was repeated in 1948. Its conduct was the same
as that of 1947 with the exception that, in general, only those
reports that constituted new records of distribution were person-—
ally investigated by the biologists. Furthermore, in this year,
the district fishery biologists were instructed to investigate as
thorcughly as possible the largest runs occurring in their areas.

Results of the inventory

The presence of migrating sea lampreys or sea lamprey spawn—
ing activity was verified in 92 Michigan streams in the drainages
of Lakes Erie, Huron, Michigan, and Superior. (Table 1 and Figure
33 Appendix A, Table 1l.) Their presence in sixteen additional
streams is considered relatively certain, but they were nct posi-
tively identified in these locations. Records for these latter
streams are classified as "reliable reports" (Table 1 and Figure 3;
Appendix A, Table 1).

To facilitate grouping the distributional records and comments
in both tables and text, I have utilized the administrative regions
established by the Department of Conservation. Region 1 is the
entire Upper Peninsula. Region 2 is the northern half of the Lower
Peninsula with its southern boundary an imaginary line extending
from the City of Muskegon to the City of Bay City. Region 3 is the
southern half of the Lower Peninsula south of this imaginary line.



FISHERMEN!

YOUR COOPERATION IS REQUESTED

THE SEA LAMPREY IS SPREADING RAPIDLY THROUGH MICHIGAN WATERS AND IS
BELEVED TO BE A MENACE TO THE COMMERCIAL FISHERIES OF OUR STATE. THE DE-
PARTMENT OF CONSERVATION IS ENGAGED IN A PROGRAM TO LEARN METHODS OF
CONTROL OF THIS FISH PARASITE.

SEA LAMPREYS MIGRATE INTO MANY OF OUR STREAMS AND RIVERS EACH SPRING
TO SPAWN.

IF YOU SEE ONE OR MANY OF THESE PARASITES IN A STREAM OR RIVER, PLEASE
NOTIFY THE LOCAL CONSERVATION OFFICER OR THE NEAREST STATE FISH HATCHERY.
OR, IF THIS IS NOT PRACTICABLE, WRITE CONSERVATION DEPARTMENT, LANSING.

Two completely separated
donsal fins

Seven gill openings

Suckenlike mouth

Adult sea lampreys usvally will be more than o foot leng. They usually appear
mottled with brown and black on the backs and they may have a somewhat golden tint.

MICHIGAN DEPARTMENT OF CONSERVATION

Figure l.--Poster utilized in 1947 and 1948 to request the aid of

the public in reporting sea lamprey spawning runs.,
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Table 1. Sumary of reports of migrating or spawning sea lampreys in Michigan
streams in 19U7 and 1948,

Total Total Tow Orand total of
zportl zport' rizcords distribvutional
records for
__Drainase T Tad 1948Y 1948Y 1947 and 10ugY
. Upper Peninsula
(Region 1)
lake Superior 2 (1) 2 2 N
lake Michigan 12 8 (2) 5 (2) 17 (2)
lelre Furon and 2 2 1 3
hunuscons laioe
Subtotals 16 12 8 .}
Lower Peninsula
(Region 2)
lake Uichigan 2k 15 (2) 6 (1) 30 (1)
lake Huron 27 (3) 16 (2) 3 (1) 30 (B)
Subtotals 51 3 9 60
Lower Peninsula
(Region 3)
Iake Uichigan 16 (5) 15 (7) 5 (3) 21 (8)
Laks Huron 0 1 1 1
laie Erie 0 ) 0 0
lake St. Clair 0 2 (1) 2 (1) 2 (1)
Subtotals 16 18 8 24
Totals gl 61l 25t 108t

WV Zoth verified and reliable reports are combined in totals, Numbers in
parentheses are numbers of reliable reports included in fisure preceding them.



Present distributional records convey the impression that
most sea lamprey spawning activity occurs in the northern half of
the Lower Peninsula of Michigan (Table 1 and Figure 3). This im-
pression is probably correct although I do not believe that the true
extent of the sea lamprey spawning populations in the southern
half of the Lower Peninsula has been fully determined. The spring
of 1947 was an extremely wet season, and in 1947 and 19L8 more or
less sustained flood conditions existed in southern Michigan
(Region 3) streams during the migratory and spawning period. Turbid,
flood waters interfered materially with stream observations in these
years with the probable result that many runs were not discovered.
These conditions were particularly evident in southeastern Michigan
where very few runs were reported in either year. For example, in
the Huron and Clinton rivers no runs were identified in these years.
These same streams were utilized by sea lampreys as early as 1932
" and 1938 respectively. There is no reason to assume that these
waters would no longer be in use. However, I do not believe that
extensive sea lamprey spawning activity will ever be found in this
region., Sluggish currents, and particularly the predominantly
sandy a.nd/oz‘ silted character of many stream beds in this area,
preclude spamning by the sea lamprey. The lampreys require at
least some small gravel with which to build their nests and spawn-
ing was only observed in those streams of Region 3 in which there
were at least small patches of gravel.

The greatest activity in the Upper Peninsula (Region 1) was
confined to the Lake Michigan drainages. A survey of streams enter-
ing Lake Superior in the western third of the Upper Peninsula was
conducted in 19,7 and 1948 by Mr. leland Anderson, District Fishery
Biologist at Watersmeet. Fifty-six streams were examined by him in
each year between the last week of May and July 1ll. No evidence
of runs was found although the habitats examined in this area were
generally suitable for lamprey use. In streams entering Lake
Superior from the eastern part of the Upper Peninsula, only a few
sea lamprey runs have been verified and these are located at the
most eastern extension of the lake. The paucity of data relative
to runs in this area may be due to the interaction of several
factors: (1) the area is quite inaccessible to observation and the
human population for spotting runs is sparse; (2) the species is in
its initial stages of pehetration in Lake Superior; and, (3) there
may be a general ecological unsuitability for the species in this
basin. A moderate spawning run was observed in the Tahquamenon
River by Dr. Frank Jobes of the U. S. Fish and Wildlife Service in
June, 1948, but not in any other Lake Superior drainage which he
examined in the eastern two-thirds of the peninsula. Field personnel
of the Conservation Department captured specimens to verify the
presence of the species in two additional eastern Lake Superior
tributaries.
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A survey of the streams of the eastern tip of the Upper Penin-
sula from the Sault Ste. Marie to St. Ignace was made by me in
June, 1948. Reports had previously been sparse or lacking for
this area. Twenty watersheds and/or small streams were examined
including five on Drummond Island. With one exception; no sea
lampreys or evidence of sea lampreys were found. Generally, in
all of the watersheds examined in this area, the streams had a
low gradient and the current was sluggish in both tributaries and
main channel. Bottom types were almost exclusively silt; sand,
or clay in varying combinations. Silt loads were heavy in the
larger watersheds. Stream characteristics in this area (eastern
Chippewa and Mackinac counties) are quite unsuitable for sea

lamprey spawning.

On this survey, sea lampreys were found in Taylor Creek, a
tributary of the Munuscong River. Unlike the balance of this water-
shed which was examined, Taylor Creek had a moderate gradient,
clear water, and areas of rock, rubble; and gravel riffle. Spawning
activity observed was limited.

Easier access, moderate flood conditions, and extensive areas
suitable for sea lamprey spawning facilitated the inventory of
streams in the northern half of the southern peninsula (Region 2).
I believe that we have definitely located the sites of the major
spawning runs in this area. Unfortunately we have very little
accurate data as tc the actual magnitude of most of these. The
records on magnitude are largely crude estimates (Appendix A,
Table l)o

Generally speaking, sea lamprey spawning runs occur in every
major Michigan river system in the Lake Michigan basin: The
St. Joseph, Kalamazco, Grand, Muskegon, Pere Marquette, Manistee,
Platte; Boavrdman;, Manistique, and Menominee. These rivers support
the largest runs observed in this basin., In northern lake Huron
(north of Saginaw Bay) all major drainages attracted spawning
migrants: the Rifle, Au Gres, Au Sable, Thunder Bay, Oecqueoc, and
Cheboygan. Again, these were the largest runs observed in this
area. _

Establishment in inland lakes

Until this inventory, there was some conjecture as to whether
the sea lamprey could, or would, become established in some of our
large and rather deep inland lakes although the species is known
from certain of the Finger Lakes in New York. Proof follows that
small populations of this fish are passing their adult, parasitic
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period in Burt and Mullet lakes, Cheboygan County. Furthermore,
these small populations are apparently creating limited spawning
runs of their own in tributaries of the Cheboygan River drainage
of which the lakes are a part. The Cheboygan River itself is
blocked at its mouth by a power dam which in itself constitutes

a virtual barrier to further migration of the large run entering
that river each year from Lake Huron. Unfortunately this barrier
is accidentally by-passed in two ways: first, a boat lock, adja-
cent to the dam, is occasionally operated during the spring season
and undoubtedly acts as an efficient "fish elevator"; secondly,
some are known to escape upstream from youngsters who consider it
fine sport to dip sea lampreys at the base of the spillway of the
dam and occasionally throw the lampreys over the causeway atop
the dam into the upper river channel.

The evidence supporting establishment of the sea lamprey in
Burt and Mullet lakes is itemized as follows:

(1) A sexually immature adult sea lamprey, 15.1 inches long
(weight: 135 grams), was taken in Burt Lake on August 1,
19}47. This specimen was attached to a rainbow trout.

(2) A sexually immature adult sea lamprey, 12.2 inches long
(weight: 68 grams), was taken in Mullet Lake off the
mouth of Nigger Creek on August 1, 1947. This specimen
was attached to a sucker.

(3) An adult sea lamprey, attached to a sucker, was taken in
Mullet Lake near Topinabee on August 16, 1945 (Specimen
identified by Dr. C. W. Creaser.)

(4) A spawning migrant was observed in the Sturgeon River:
(tributary to Burt Lake) at Wolverine on June 2}, 1947.

(5) An adult, female sea lamprey was captured by fishermen
~ in the Pigeon River (Otsego County, T32N, RIW, S.10) on
June 11, 1948 (identified by W. R. Crowe). Sea lamprey
redds were observed by W. R. Crowe in the Pigeon River
(Cheboygan County, T3LN, R2W, S.10) on or about June 9,
1948. The Pigeon River is a tributary of Mullet ILake.

(6) The report of a spawning run in Laparell Creek, tributary
to the Cheboygan River below Mullet Lake, is considered
reliable.



Items one to three alone are considered adequate evidence of
establishment of the species in these lakes. Data collected else-
where seem to indicate that transforming and newly-transformed
sea lampreys generally do not become established in smaller and/or
less suitable lakes in a watershed, but pass directly downstream
to the Great Lakes.

Other inland lakes, connected more or less directly with the
Great Lakes, are undoubtedly acting as additional reservoirs.for
adult populations. We have received several reports of adults
being taken during the winter months in Lake Charlevoix (Charlevoix
County) on speared whitefish, perch, and ciscoes. Dr. A. H. Stockard
of the Zoology Department, University of Michigan, reported on
November 6, 1947, that fishermen in Iake Charlevoix were spearing
sea lampreys that had attached themselves to the bottoms of their
power boats. Fishermen trolling in the same lake report sea lampreys
attaching themselves to the stern of the moving boat.

We have also received several reports indicating the presence
of sexually immature adults in Pentwater Lake, Oceana County.
Like Lake Charlevoix, this lake is connected directly with Lake
Michigan by a short channel., The most reliable of these reports
concerned an 18,5-inch sea lamprey attached to a S5-pound rainbow
trout that was taken on November 1, 1947. Reports of sexually
immature adults in Big Platte Lake, Benzie County, and White Lake,
Muskegon County are likewise considered reliable.

Lake Fenton, Genesee County; Little Traverse Lake, leelanau
County; Lake Genesarath, Beaver Island; Round Lake, Kalkaska
County; Pipestone Lake, Berrien County; and Big Paw Paw Lake,
Berrien County; allegedly contained sea lampreys in 1947 or 1948
but I consider these reports doubtful.

Effect of obstructions and barriers to migration

For the purposes of this discussion, a barrier to migration is
differentiated from an obstruction to migration in that the former
cannot be surmounted by migrating sea lampreys whereas the latter
can be passed with varying degrees of difficulty, which may have
some selective action among the migrants. The sea lamprey can and
does negotiate many kinds of falls and low or irregularly constructed
dams of moderate height. A good example of this is in the Ocqueoc
River, Presque Isle County, where nearly one-half of the spawning
migrants work their way over two natural falls, L.5 and 6 feet high,
and an old cement mill dam (Figures ki and 5). In another instance,
migrants are known to pass over (or through?) an irregularly con-
structed logging dam of some height situated in Silver Creek, Iosco
County.
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Figure lL,--Lower Falls, Odqueoc River, Presque Isle

County, which lampreys negotiate upstream,

Figure 5,--Upper Falls, Ocqueoc River, Presque Isle
County, which lampreys negotiate upstream.
May 17, 19L7.
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Some man-made dams, in rivers known to have sea lamprey runs,
apparently are effective barriers to further upstream movement
(Figure 6). In the light of present information we tentatively
consider certain of these structures to be impassable for two
reasons: f{1) the nature and/br structure of the dam and the manner
of passage of water over it, or throungh its power units, precludes
possibility of surmounting the dam, -nd (2) as yet, no reports of
the presence of sea lampreys have becn verified above the barriers
(except the Cheboygan dam). Dams at present thought to be insur-
mountable to lampreys are located in the following rivers:
Menominee, Manistique, Cheboygan, Au Sable, Elk, Boyne, Boardman,
Betsie, Manistee, Muskegon, Kalamazoo, and St. Joseph (see Appendix
B for specific location and structural details).

The greater portion of some of the major watersheds of Llchlgan
lie above these dams (Figure 3). In the St. Joseph, Kalamazoo,
Muskegon, Manistee, HManistique, Menominee, and Au Sable rivers, the.
sea lamprey is thus denied access to tremendous potential spavming
areas. This condition has doubtlessly restricted, to some degree,
the rate of increase of the species and most certainly limits the
total numbers which Michigan watersheds might otherwise produce.

It should be considered hereafter that any improvement of the
apparently ineffectual fish ladders and chutes present on most of
the aforementioned dams will materially aid the sea lampreys in
reaching new spawning grounds and increasing their total numbers.

The Cheboygan, Elk River, Manistique, and Menominee dams are
all located very close to the mouths of their respective rivers.
Each year large spawning runs enter these rivers and are in evi-
dence below the dams throughout the migratory period. The fate of
these migrants is still unknown. It does not seem likely that they
can spawn successfully in the deep estuaries prevalent below these
dams. Assuming that they cannot spawn below such dams, two alter-
natives are afforded: (1) they make their way to other accessible
streams nearly along the shore line; or (2) they remain in or near,
the estuary of the river which they entered and ultimately die
without spawning. - The second condition might be more prevalent
than the first primarily because of a possible parallel in physi-
ology and habits between the sea lamprey and the Pacific salmons
which die without spawning when blocked from their spamning grounds.

IV. Sea lamprey spawning runs

Investigations of spawning runs of sea lampreys were made in
the field between April 1 and September 1, 1947, March 15 and
September 1, 1948, and March 15 and September 30, 1949. I here
report flrst on the biological characteristics of, and factors
affecting, the spawning runs of sea lampreys entering Carp Creek,



Figure 6.,-=Foote Dam on the Au Sable River (Iosco County).
Photo by L. N. Allison.
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Presque Isle County, in these years. Supplementary information
of a similar nature was gained in the Ocqueoc River, also in
Presque Isle County. Later discussions of spawning habits and -
spavning requirements of the sea lamprey are based on data
collected in 1947 and 1948 only. Many other observations made
during all periods, in these and other localities, are incorpor-
ated where it seems most pertinent.

These studies were undertaken in an effort to obtain more
precise information than heretofore existed of that phase of the
1life history of the sea lamprey beginning when it enters streams
to spawn. The information obtained has become of paramount impor-
tance because of the widely publicized demands for the control of
this fish predator which have specified the construction of "lamprey
weirs" for the capture and destruction of spawning populations.

The investigations undertaken at Carp Creek and the Ocqueoc River
were designed to learn the requisites of an effective sea lamprey
weir on a small and on a large stream, the cost of such structures,
and problems in their operation and maintenance——in addition to

the biological information which would be forthcoming through the
operation of these structures. It was also intended that the re-
peated use of these weirs in succeeding seasons might provide some
index of the relative abundance of the sea lampreys in the general
area of northern Lake Huron in those years. It would be of obvious
value to know if the population is increasing or decreasing, or if
it has become relatively stable in numbers. TFurthermore, continued
operation of these weirs over a period equivalent to at least one
larval cycle might provide a test as to whether the "home stream" or
"parent stream" theory applied to this species in any degree.

The general area of the Ocqueoc River and Carp Creek vmtersheds
was selected for study because of the intense local interest in the
sea lamprey problem. This interest was engendered by the large
runs which entered the Ocqueoc River in increasing numbers during
the past decade. In the spring of 194k and again in 1945, the East
Presque Isle County Sportsman's Association operated a weir in the
lower Ocqueoc River in cooperation with the Department of Conserva-
tion. In each year, a fair proportion of the sea lanprey run wes
captured (Shetter, 19L49).

From 1946 to 1943 no weir was in operation for the capture of
spawning migrants in the Ocqueo¢ River. The construction of a perma-
nent sea lamprey weir in this river was undertaken in the swmer of
1948 by the United States Fish and Wildlife Service, After comple-
tion of this structure in September of that year it was turned over
to the Michigan Department of Conservation for operation and main-
tenance for a ten-year period.
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Other than Shetterts report and general discussions by Applegate
(1947, 19L9), only one other published report of sea lamprey spawm-—
ing runs'in the upper Great Lakes has been presented: MacKaye and
MacGillivray (1949) give data on the numbers of migrant sea lampreys
captured in several types of traps in six Ontario streams tributary
to the North Channel of Lake Huron.

Carp Creek investigations

(1) Carp Creek

Carp Creek is tributary to Hammond Bay of northern Lake Huron,
flowing into that bay about four and one-half miles north of the
outlet of the Ocqueoc River. The primary drainage area of this
creek lies within Sections 1, 2, and 3, T36N, R2E, Presque Isle County.
Carp Creek proper is 1,5 miles in length between its estuary and its
origin in Carp Lake. The latter is about 70 acres in surface area
and has a maximum depth of 2l inches! The shoreline on nearly all
sides is encroaching. Approximately six square miles of swampland
drains into Carp Lake primarily as surface drainage. No discrete
year—-around streams flow into the lake, as many recent maps would lead
one to believe.

. The potential sea lamprey spawning areas of the Carp Creek drain-
age basin lie in the 1.5 miles of the creek proper between Carp Lake
and its mouth. This portion of the stream has a moderate overall
gradient. Gravelly riffle areas alternate with deeper pools (1 to
L feet) which have a barren clay bottom. Iittle shifting sand is
present until the creek enters the beach line just upstream from the
estuary. Cover, composed predominantly of cedar and birch, is heavy,
and more than a mile of the stream lies in dense shade. Reportedly,
in very dry years Carp Creek is reduced to a mere trickle in mid-
sumer but local opinions on this matter are very conflicting. During
1947, a moderate volume of flow was present throughout the entire
summer months. Although classified as a "trout stream", high water
temperatures in sumer (78 degrees F. to 82 degrees F.) give little
evidence of suitable trout habitat. The color of the water is typ-
ical of many northern streams draining swampland, being generally
quite tea-colored. Water chemistrys varied little during the spring
months. A typical analysis on June 29, 1947, a windless, partly
overcast day, was as follows (previous weather clear):
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Station - + S, 23 Highway Bridge C0p———— ~——0,0 ppm. '

Timg—--——- -——9:45 A, M. Phenolphthaline
R L 2.0 ppm
Air Temp.--—70 degrees F. Methyl Orange
Alkalinity---——118.0 ppm.
Water temp.~-72 degrees F. 09— 7.3 ppn.

Sea lamprey runs had been noted in this stream by Conservation
Officers and local residents for several years prior to 1947. I
strongly suspect that its history in this regard dates back to the
first runs noted in the neighboring Ocqueoc River by local resi-
dents (circa 1931;-35) for both streams undoubtedly draw from a -
common stock of adults living in, or entering, Hammond Bay. Being
thus assured of a run upon which we could experiment, a site for
the construction of a sea lamprey weir was selected just below the
U. S. 23 highway bridge crossing the stream. This site, located
within the highway right—-of-way, was easily accessible for con-
struction and maintenance, and was only a few hundred feet above
. the estuarine waters of the creek. This latter point is of import-
ance in control since to be most effective, a sea lamprey weir
should be placed ideally downstream from the lowest potential spawn-
ing area.

(2) The Carp Creek sea lamprey weir

The weir and trap constructed in Carp Creek was of the single
"y type with the trap placed at the apex of the "V". The siream
is 22 feet wide at the point of construction and each wing of the
"yt was 18 feet long (Figures 7-10). This structure was originally
built as a temporary weir, pending the completion of a more ela-
borate, permanent device.  Due to difficulties in installation, the
latter was abandoned and the temporary structure was improved and
made more nearly permanent. For supporting the screen face of the
wings, 9-foot, steel, snow-fence posts were driven into the bottom;
each was buttressed on the downstream side with an identical post.
Four additional posts were driven as anchors for the box-type trap.
Sections of salvage rock and gravel screening, 28 inches by 9 feet,
were wired to the upstream side of the steel posts. Placing them
in pairs, one above the other, gave each wing a height of 56 inches.
This screen was of inch mesh, heavy gauge wire (3/16-inch diameter)
reinforced along one edge with angle iron, and therefore quite rigid.
Using this coarse grid for support, hardware cloth of 1/2-inch mesh
was laid against the upstream side of the heavy screening and wired
to it. The wings were joined at the shore to a baffle of double
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Figure 8.--Carp Creek weir, May 5, 1947. Note damming action of
weir screen prior to cleaning. This screen had been
cleaned six hours earlier,

Figure 9.--Carp Creek weir, May 5, 19L7. Looking downstream,
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Figure 10p==Carp Creek weir at low water stage. July 1, 19L7.

sheet piling, driven into the softer bank; they were also secured
at the trap, on each side of its entrance. The greatest problem
was anchoring the wings and trap to the stream bottom in order
that no undercutting would take place. It was impossible to drive
sheet piling for this purpose since beneath a shallow layer of
gravel the stream bed was composed of very hard clay. To circum-
vent this, a trench two feet wide and six inches deep was dug
astraddle the line of fence=post uprights. A strip of hardware
cloth the length of the wing and 2L inches wide was nailed to a

2 inch by L inch wood sill of equal length and placed, hardware
cloth down, in the trench, with the sill braced against the up=-
stream side of the uprights. The bottom edge of the lower gravel
screen rested on this sill. Spacers of 1 inch by 6 inch wood
planking were added on the downstream side, between the uprights,
to prevent any buckling of the gravel screen backing (see detail,
¥igure 7). After the hardware cloth had been added, the trench
was filled with heavy gravel and sand. A dressing of larger
rocks was placed on the downstream side to prevent scouring.
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The trap was a simple box-like frame (36 inches by U8 inches
by L8 inches) of 2 inch by L inch lumber covered with 1/l-inch
mesh hardware cloth and built as a single movable unit. Its
funnel, fabricated of hardware cloth and a 2 inch by l; inch wood
frame, was removable after insertion of a closing baffle on the
front of the trap. This facilitated taking owut both lampreys
and fish.

The original structure without the subsequent improvements
was fabricated and installed in two working days by four men.
Problems in construction were minimized by low water levels and
the relatively small size of the stream. The sill and flashing
of hardware cloth which was substituted for sheet piling proved
very satisfactory and is strongly recommended for semi~-permanent
structures on those sites where the nature of the bottom prevents
the driving of piling; it is inexpensive to fabricate and very
easily installed,

On or about August 1 of each intervening summer, all of the
weir except the steel upright parts and the sills and flashing was
removed from the creek and stored overwinter until reinstallation
just prior to the beginning of the sea lamprey runs in the early
spring,

The bagic requirements of an effective sea lamprey welr are
that it be strong enough to withstand the impact of maximum flood
waters and that it be high enough and wide enough to. remain fish-
tight under like conditions. The Carp Creek weir withstood severe
flood conditions on three occasions. On May 31, 1947, the north
wing partly buckled due to improper bracing during a period of
very high water. This wing was completely removed and rebuilt on
May 31 and June 1, 1947.

The weir in its final form was essentially lamprey-tight. I
consider that over 99 percent of the sea lamprey run was captured
in the years 1947 and 1948 and that the complete run was captured
in 1949. We discovered early that a sea lamprey will find and
make use of the smallest, and perhaps only, aperture in a large
barrier. Consequently, we continually checked all possible loci
of escapement with our hands as part of the routine visits to the
weir. On May 9, 11, 14, 29, and July 1, 1947, the creek was
patrolled from Carp Lake to the weir. On all but the last date,
no trace of sea lampreys was found, On July 1, I found five nests
about three—quarters of a mile above the weir. Eggs were found in
two nests and promptly destroyed. The other three nests contained
no eggs although they had evidently been completed for several
weeks. I suspect that the escapement accounting for all these
nests, which probably did not exceed ten individuals, occurred
during the period May 31-June 1 while the north wing of the weir
was being repaired.

-
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In 1948, the creek was patrolled on May 31, June 1, and July
2. The only evidence of escapement was two sea lamprey nests
about one-half mile above the weir, found on May 31. One was com—
pleted and contained developing eggs which were promptly destroyed
by maceration of the nest. The other nest was only partially com~
pPleted and contained no eggs. No adult lampreys were seen. Sub-
sequent visits indicated no further work on the incomplete nest
and no other nesting activity.

In 1949 the entire stream course was patrolled on June 10 and

June 28. No evidence of any escapement above the weir was dis-
covered.

(3) Collection of data

The Carp Creek sea lamprey weir was in effective operation
from April 2l-August 1, 1947, April 6~July 15, 1948, and from
April 8-July 19, 1949. Normally, the weir-trap, while in opera-
tion, was inspected and the fish and sea lampreys removed three
times each day. I scheduled these visits to be made as close as
possible to 8:00 A. M., 5:00 P. M. and midnight each day. All
specimens removed at each of these times were recorded as separate
collections.

Of the entire sea lamprey run in 1947 (1,617 specimens),<all
but 17 specimens were examined for sex, lemgth, weight, stage of
maturity, and contents of the digestive tract. More detailed
examinations were made of 328 specimens. All sea lampreys of the
1948 run (2,939 specimens) except eight individuals were examined
for sex, length, stage of maturity, and contents of the digestive
tract. All specimens examined in Both of these years were scru-
tinized for evidences of parasitism, pathological conditions, and
structural abnormalities. In 1949, the sex of all sea lampreys
composing the run (2,763 specimens) was determined and length data
were obtained from all, or almost all, sea lampreys entering the
creek during alternate 2l-hour periods (1,371 specimens).

All individuals of other species taken in the trap were exam-
ined for evidence of sea lamprey attacks and these data were re-
corded.

A maximum-minimum thermometer was maintained in the creek
Just above the weir from April 16-~June 30, 1947, April 6-July 15,
1948, and April 5-July 18, 19L49. Readings were made daily during
the morning visit and the water temperature at this time was noted
with a pocket thermometer in order to verify records on the fixed
thermometer. On June 30, 1947, the maximum~minimum thermometer
was found to have been broken by some inquisitive visitor and
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thercafter only readings at the time of the visit were recorded
in that year. Frequent records were made of the surface water
temperatures at the mouth of the creek and in Harmond Bay itself.
Water gauge readings were made and recorded in inches and frac-
tions and represent absolute depth in midstream just below the
weir., Daily records of wind and other weather conditions were
made and these data were supplemented with similar records main-
tained by Mr. G. W. Hansen, }j0 Mile Point Light Station, Lake
Huron.

Since virtually all sea lamprey migratory activity in Carp
Creek occurred during the hours of darkness, the data were
arranged so that all individuals entering the trap during any one
nizght were tabulated as a unit. Thus the catches subsequently
desigznated for any given day (which are listed at the time of the
morning visit) represent the migration into the trap since the
morning visit of the preceding day (approximately 23 clock hours
since the trap would be closed about an hour each day while the
fish were being removed). Maximum, minimun, and mean water tem-
peratures recorded likewise reflect conditions which existed
during the 2l-hour period prior to about 3:00 A. }. on any date.

Ocqueoc River investigations

The sea lamprey run in the Ocqueoc River during 19),7 and 1948
was not impeded by any weir, trap, or other man-made structure.
for this reason, it was used in those years as an area for the
study of the migratory and spawning habits and spawning require-
ments of the sea lamprey. In addition to these observations, a
series of samples of the sea lamprey run were obtained in l9ﬁ7 to
augment the materials collected at Carp Creek. In the summer of
1943, a sea lamprey weir and trap was completed in the Ocqueoc
River and was operated during the spring and summer of 1949 to
capture the spawning run. Since the data for both streams are com-
bined or drawn upon in the subsequent analyses, a brief description
of the river and methods and places of collection are presented
herewith. Further details of the physical characteristics of the
Ocqueoc River watershed will be presented in the section on spavn-
ing habits and spawning requirements ol the species. A descripition
of the sea lamprey runs entering this river in 194} and 1945 has
been published by Shetter (1949).

(1) The Ocqueoc River

This river is by far the largest stream entering Hammond Bay.
It flows in a northerly direction from its headwaters to Ocqueoc
Lake and from there, almost due east inbto the bay. Its watershed
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drains most of six townships. Its depth in the spring months
varies from about 8 inches in the riffle areas to 9.5 feet in its
deeper pocls. The river varies from 2l to 80 feet in width
during the same season. Throughout the upper third of its course
where it flows through a chain of lakes, the current is predom-
inantly sluggish and the bottom silted. The balance of the
stream, flowing first through pastured land and woodlot, and then
through a wooded valley, is characterized by swifter currents and
bottom types of rock, rubble, gravel, and sand.

In 1947, sea lampreys spawned in varying concentrations
throughout the entire lower two-thirds of the river. The farthest
point upstream at which spawning occurred was 16.5 miles above
the mouth (T3LN, RLE, S.19). It is estimated (on the basis of
nest counts and specimen samples obtained) that between 10,000 and
11,000 sea lampreys entered the Ocqueoc River in 1947. On the
same basis, it was estimated that 13,000 sea lampreys entered the
river in 1948. Of four permanent tributaries of the Ocqueoc River,
a small number of sea lampreys entered two, and spawned. These
were the Little Ocqueoc River and Silver Creek. The remainder,
Indian Creek and the Orchard Lake Outlet (tributary to Ocqueoc
Lake) did not contain subsidiary runs.

(2) The Ocqueoc River sea lamprey weir

" In August and September, 1948, a large sea lamprey weir with
both upstream and downstream traps and of a semi~permanent type
of construction, was installed in the Ocqueoc River about 1,000
feet (of stream course) above the mouth of the river. It is
located on the right-of-way of U. S. Highway 23 just above the
road bridge. This was the lowest practical point of construction
in the watershed. No potential sea lamprey spawning grounds exist
between it and the mouth of the river.

Plans of this structure are too large and too detailed for
inclusion here. Briefly, its basic construction was as follows.
The weir is of the straight, 90 degree angle type, i.e., it ds
built straight across the stream at right angles to the current.
Its functional width (from solid abutment to solid abutment) is
80 feet. It is effective as a fish barrier to a height of 5 feet,
Ly inches above its own deck. A downstream trap is located at mid-
stream in the weir and two upstream traps, each located midway
between the downstream trap and each abutment, are present (Figures
11, 12).
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Figure 1l.--Ocqueoc River sea lamprey weir. View from downstream.

Figure 12.--Ocqueoc River sea lamprey weir, View from upstream.
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The weir substructure consists of a plank deck, 2 inches in
thickness, and 12 feet wide by 80 feet long, which is anchored %o
the stream bed by three rows of Wakefield piling driven 5 feet
into the bottom. The plank deck was initially flush with the
stream bed. A L inch by 6 inch timber beading is anchored to the
"head" and "tail® of the plank deck.

large A-frames, sitting on the deck and between the beadings,
form the supporting members of the superstructure. These are
removable, being anchored to the beadings by drift pins. Against
the upstream face of the A-frames lie sectional steel grates meas-
uring 4 by 7 feet. These grates pivos on their stream-bottom edge
and may be thrown over to lie on the bottom to allow the passage
of unusual floods. The spacing between each bar of the grates is
1/2-inch,

The inside dimension of all traps is L feet by 5 feet. Funnels
leading into the traps are of 3/16~inch mesh hardware cloth and the
funnel openings measure l inches by 12 inches.

Substructure and superstructure are sealed to the river banks
by earth filled abutments, 12 feet wide and slightly higher than
the weir. A plank catwalk for access completes the structure.

This weir and trap were operated for the capture of the spawn-
ing run from March 31-September 30, 1949. Following certain im-
provements, the weir functioned satisfactorily and was, like the
Carp Creek weir, essentially lamprey-tigh%. On various dates
between May 15 and July 15, 1949, four complete patrols of all sea
lamprey spawning grounds in the Ocqueoc watershed were made. Several
spawning areas, used extensively in former years, were visited six
or seven times.

On June 6, 1949, some evidences of a small escapement above
the weir was found in a one-half mile stretch below the Ocqueoc
Falls. Six nests were present, aboubt half completed and without
eggs. Two adults, one on each of two nests, were found and removed
by spearing. One was a ripe, unspawned male, 1.2 inches long—-—
the other was a ripe, unspawned female, 12,5 inches long. Forty-
seven sites of very preliminary nesting activity were likewise
observed in this area. Since a male sea lamprey will frequently
make several trial nests before seiitiing on a final site, the above
figures do not imply that an equivalent number of lampreys were
present in the watershed. Subsequent visits indicated continued
nesting activity at five sites but no adults were seen. I estimate
from the above observations that not more than 50, and probably
only about 35, sea lampreys passed the Occueoc weir. In view of the
fact that nearly 25,000 sea lampreys were captured by the weir and
its traps, I consider this escaps encouragingly small.
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Like the Carp Creek weir, the Ocqueoc structure was contin-
ually checked for points of escapement. In view of this procedure
and the small size of the two specimens recovered in the watershed,
I conclude that those that negotiated the weir did so by working
through the steel grates. A check of the spacing between bars of
the grates, which was made late in the season, indicated that
several bars had become spread so that the intervening space was
as much as 5/8 inch. It seems certain, then, that the smaller
migrants can work their way through vertical bars spaced at 5/8 of
an inch.,

(3) Methods, places and times of sampling, and

collection of other data in 1947 and 1948

Sea lampreys in the Ocqueoc watershed tended to concentrate
at two points during their upstream migration. The first concen-
tration place was in Ocqueoc Lake, 2 1/} miles above the mouth of
the river. This was accidentally discovered on May 29, 1947, when
netting operations were begun to determine if any predation upon
resident game fish occurred while the sea lampreys were passing
through the lake. On that date an 18.2-inch male sea lamprey in
an advanced state of sexual maturity was taken in the 1 1/2-inch
stretch mesh of an experimental gill net set in the north end of
the lake. Thereafter, gill nets set in the northern half of the
lake always yielded one or more sea lampreys in the 1 1/2-inch mesh
portion of the nets. The greatest catch was on June 19 when 16 sea
lampreys were taken in a 125-foot, 1 1/2-inch stretch measure gill
net; this was a 20-hour set. Concentration in Ocqueoc Lake was
evidently due to the inability of the run moving into the lake to
find immediately the inlet of the Ocqueoc River. Ocqueoc Lake is
long, narrow and irregular in outline; its outlet where the sea
lampreys migrate into the lake is at the extreme northern end of
the lake and its inlet enters the southermmost extension. Captures
in the gill nets were made at all depths from 2 to 18 feet. Further-
more, specimens taken were traveling in all possible directions
which would seem to indicate that they were searching more or less
aimlessly for the inlet stream. On several occasions during the
second week in June, sea lampreys were seen from the bank moving
along the shoals in a direction opposite to that which would lead
them to the inlet of the river.

Altogether, 69 sea lampreys in advanced stages of sexual matu—
rity were collected by this method. They varied in total length
from 1l.3 to 20.5 inches and presumably indicate the size range
most efficiently trapped by this method. Actually, the sea lamprey
does not become "gilled" in the net but is trapped by its own
natural reactions. Swimming normally with their buccal funnel
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closed, their immediate reaction to any restriction, such as forc-
ing their head into the mesh of the net, is to open the funnel.
The net then catches them between the branchial "basket" and the
opened funnel. Subsequent "tailing" through innumerable meshes

of the net eliminates any chance of escape (Figure 13).

It has been suggested that netting operations be attempted
in the Great Lakes proper to obtain specimens of sexually immature
adults and to test the possibility of a fishery for these individ-
uals. Although this method of capture was practical and productive
in Ocqueoc Lake where the concentration of individuals was abnor-
mally high in a small body of water, I believe it would be of little
or no value in the Great Lakes where the sexually immature, adult
populations are undoubtedly greatly dispersed,

The second and most obvious concentration of migrating sea
lampreys in the Ocqueoc River system occurred at a series of three
falls located about one=third of the way upstream (T35N, R3E,
S.22)., Two natural falls (Figures l .and 5), 4.5 and 6.0 feet high,

Figure 13.--Sea lampreys captured in a gill net in Ocqueoc
Lake, June 25, 1947,
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and the spillway of an old mill dam form obstructions below which
the upstream migrants tend to accumulate. Periodic collections
were made at both of these natural falls. This was done by dip-
ping with scap-nets or by capturing by hand in the white water

on the face, or at the base, of the falls. A %otal of 511 sea
lampreys were collected in this manner.

Tn addition to the 580 unspawned, upstream migrants collected
in Ocqueoc Lake and at the falls in the river, 99 spawning, or
spent and dying or dead sea’lampreys were collected on, or near,
the various spawning grounds in the river.

Water temperature and water gauge readings were recorded for
the Ocqueoc River at a station situated 100 feet below the outlet
of Ocqueoc Lake. As in the Carp Creek, a naximum-minimm ther-
mometer was maintained and minimum, mean, and maximum water tem-
peratures were recorded for the period April 15-August L, 19L7.
The same water temperature and water gauge station in the Ocqueoc
River was maintained in 1948 and records were kept for the period
April 1i-August 20.

(L) Collection of data in 1949

The Ocqueoc River sea lamprey weir was in effective operation
for trapping upstream migrants from March 31-September 30, 19L9.
The trap was operated, inspected, and the fish removed in accordance
with the procedure followed for the Carp Creek welr. A1l data
pertaining to the runs of sea lampreys and other fishes were recorded
in the same manner as that for Carp Creek.

The sex of all sea lampreys composing the 1949 run (2h,6L3
" specimens) was determined. Iength data were obtained from all sea
lampreys entering the river during alternate 2L~hour periods when
the total run at any visit did not exceed 100 individuals. When
the run during any visit of a sampling period exceeded that number,
a random sample of 100 was measured (total length sample—3 4830
specimens).

Maximum-minimm thermometers were maintained at the weir for
records of air and water temperature throughout the period of weir
operation. Water gauge readings are in inches and represent abso-
lute depth across the deck of the weir.
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Sea lamprey spawning runs per se

(1) Time limits and general character of the runs

Sea lamprey runs in the northern Lake Huron tributaries studies
began as early as April 9 (1949) and as late as April 19 (1947) and
varied with the climatic conditions in any given year (Figures 15-13).
For this reason, calendar dates can only give appreximate predictions
of when the runs will occur. As subsequent data on the factors af-
fecting these migrations will indicate, water temperature is the best
guide as to when migratory activity will begin as well as to fluctua-
tions in its intensity once it has started.

Prior to the beginning of the run, sea lampreys congregate off
the mouths of the streams. Before any enter a watercourse, they
may appear for a number of nights on the alluvial fan off the mouth
of a stream (Figure 1L) and then drop back into the lake each day
rather than enter the stream. This action is evidently induced by
temperature differences between the lake and the stream, the latter
being colder than the lake when this behavior was studied.

Migratory activity during the early weeks of the run is spora-
dic (Figures 15-17). Peak migratory activity generally lasts for a
35~ to 50-day period, occurring sometime between April 25 and June
15 with the date of greatest activity being in early or mid-lay.
Generally, between 85 and 99 percent of the run enters the creek
during this period.

Even at its peak, migratory activity is erratic, particularly
in a small stream, and reflects varying climatic conditions (Figures
15-18). Cold, wet spring seasons have a depressing effect on the
runs, and movement into a stream on any given day in such a season
is never very great. A natural corollary of this is that the up-
stream movement of the bulk of the migrants is extended over a
greater period of time. The runs in warmer spring seasons are
characterized by large, sporadic influxes of migrants on particu-
larly warm nights which may sometimes be of spectacular proportions.
In warm seasons, the period when the bulk of the migrants enter a
stream is thus reduced.

The runs may terminate in small streams between July 6 and 13
depending largely on water levels in the stream. In larger streams,
such as the Ocqueoc River, where an appreciable volume of water is
discharged in the summer months, the last migrants may enter the
river as late as September 30 (Figure 18). It may be added, however,
that migratory activity after July 1 is generally limited to a few
scattered individuals,.
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Specific information relative to the sea lamprey runs in Carp
Creek and the Ocqueoc River in several years (presented by stream
and by year) is as follows:

Carp Creek, 19,7 :==The earliest migrants observed at Carp Creek
were four individuals seen by the writer between 11:00 and 12:00
P. M, on the night of April 1L. These sea lampreys were spotted
with the aid of a jack-light about 100 feet offshore on the gravel
nfan® which extends from the mouth of Carp Creek into Hammond Bay
(Figure 1L).

During the time they were observed, they made no effort to move
up into the creek mouth but clung persistently to the same rock until
deliberately frightened by the observers. When frightened, they
darted off across, or with, the current and dropped into the deeper
waters of the bay. At the time of these observations, the water
temperature on the "fan" was 39 degrees F. and the air temperature
was 32 degrees F. Floe ice was still present in the bay.

Figure 1ll,--Observer standing on the alluvial fan in Hammond Bay
off the mouth of Carp Creek where sea lampreys were
first observed on April 1L, 19L7.
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During the period April 15-April 19, repeated trips were made
to the gravel "fan'" at all times of the day and night by the writer,
Mr. Robert Frank (formerly with the Fish Division, Department of
Conservation), and Mr., Edward Karsten of Ocqueoc, Michigan. On
April 15, about 11:00 P, M., a male sea lamprey 19.3 inches long
and a female 16.7 inches long were seen and captured by spearing.
Three others were seen later in the night. On the following night,
about midnight, two females, 15.3 and 17.2 inches long, were like-
wise taken. Again, at least two more were seen in the following
hours. On both nights, the water temperature remained at 1O degrees
F. during the hours of observation——the air temperature varied from
2], degrees F. to 32 degrees F. A total of six sea lampreys were
observed under similar circumstances on the succeeding three nights.

From these observations, made at all hours of the day and
night during this period, we gained the impression that the sea
lampreys observed were making no effort to enter the Carp Creek
proper at that time. None were ever observed during the daylight
hours. About two hours after full darkness they secemed to appear
suddenly on the central and outward portions of the "fan" where they
apparently remained until dawn. They were never in evidence in the
estuary or lower creek proper at the times inspections were made on
the "fan, I presume from this that they dropped back into the bay
with the coming of daylight.

Unfortunately, we cannot fix the exact date when the actual up-
stream migration began. The weir and trap were put in operation on
April 21 and by the following morning (April 22) one specimen had
entered the trap. Durinc the period April 15-18, water in the creek
proper was one degree or more colder than that in the bay. This was
due primarily to melting snow run-off in the watershed. On April 19,
20, and 21 the temperature of the water rose above that of the bay
for a few hours each afternoon., I believe that these tempcrature
differences between the creek and the bay were responsible for the
behavior of the lampreys noted on the "fan" insofar as it slowed or
inhibited their entrance into the creek proper. No appreciable number
of lampreys entered the trap until April 25 when the mean temperature
of the creek water had risen six degrees above that in the bay
(Figufe 15). 1In view of these facts I believe that the upstream migra-
tion of the sea lampreys entering Carp Creek began not earlier than
April 19 and obviously not later than April 21.

During April 23-ilay 2 upstream migrants entered the irap sporadi-
cally, the daily catch varying from none to seven individuals (Figure
15), The bulk of the migration as reflected in the trap catches
occurred between May 2 and June 21, Of 1,617 individuals talen during
the entire operation of the weir, 1,471 or 91.0 percent of the total
captures were taken during this 50-day period. There was no single
peak of greatest migratory activity. Instead, during the period May 3-
June 21, four pronounced peaks occurred, of which those on lay 20 and
June 9 are the most significant (Figure 15). On May 20, 93 sea
lampreys and on June 9, 32 sea lampreys were removed from the trap.
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These two peaks were separated by a sharp decline in migratory
activity which reached a minimum between May 29 and May 31 when
the run virtually ceased, This decline was apparently induced
by a severs drop in water temperatures resulting from sleet,
nail, and cold rain storms which began on lay 26 and lasted for
four days. Had this unseasonably cold weather not arrived with
its resultant effect upon the creek water temperatures, I believe
a single major influx of upstream migrants would have occurred
between liay 15 and June 7.

From June 22 on, a small and generally declining number of sea
lanpreys entered the trap each day until July 13 when the last mi-
grant, a male, was taken., The welr and trap were inspected regu-
larly until August 1 but no additional sea lampreys were captured.

Carp Creek, 1948:——The earliest migrants entering Carp Creek
were Tour specimens taken on April 15, The weir was placed in
operation on April 7 but was inoperative during April 9-13 due to
severe flood conditions, During this period, creek water tempera-
tures were as low as, or lower, than the temperatures in Hammond Bay
(Appendix C). Subsequent checks of the watershed for escapement
indicated that one, and perhaps two, sea lampreys may have entered
the creek during this period. A small number of lampreys (11 indi-
viduals) entered the trap between April 15 and 22 (Figure 16).
Thereafter, the run rose abruptly to its peak, Yost migrants

(99.0 percent) entered the creek during the Lh6=day period which
followed (to June 9). A cold "snap" between iay 3 and 12 interrupted
this major movement for a period of four to five days. During 1948,
trap catches in excess of 100 sea lampreys during a 2l~hour period
occurred on nine different occasions. The greatest movement was on
the nicht of liay 17-18 when 227 sea lampreys were taken between
nightfall and daylight.

After June 9, only a very small mumber of lampreys entered the
trap and the run was discontinuous in character, On July 6, the
last migrant into Carp Creek was taken in the trap.

The total run in 1918 amounted to 2,939 sea lampreys.™

e i s e e e T e S - e

Unlike the spring of 1947, which was cold, wet, and late, that
season in 1943 was warmer, drier, and earlier. The sea lamprey
run in 1948 was characterized by sudden movements of large numbers
of migrants which generally occurred on warm nights. As a result,
many abrupt peaks of migratory activity occurred during the period
of major upstream movement. In contrast, the 1947 run displayed
far less abrupt increases in migratory activity and such peaks as
occurred were fewer in number,

Carp Creek, 19L9:—The first lamprey entering the creek was
taken on April 9. The weir had been placed in operation on April
7. Prior to that date, creek temperatures were as low as or lower
than the temperatures in lammond Bay (Appendix C). Subsequent checks
of the watershed indicated that no lampreys entered the creek prior
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to the beginning of weir operations. Only a small number: of lam~
Cpreys (L9 individuals) entered the trap between April 9 and April 17
(Figure 17). Thereafter, the run increased slowly until April 28
and on that date began to rise abruptly to maximum activity. lost
migrants (87.0 percent) entered the creek during the 39-day period
which followed (to June 5). As in previous years, the period of
rajor upstream movement was roughly cleft by a cold spell. In

1949, this interruption of the run occurred during lay o-16.

Trap catches in oxcess of 100 sea lampreys during a 2)~hour
neriod occurred on seven different occasions. The greatest move-
fents in this season were on the nights of lay 1-2 and May 6~7.
On both occasions, 11 sea lampreys were taken.

From June 6 %o 30, trap catches were small and movement up-
strean was erratic although continuous. The last migrant to enter
the creek was taken on July 6.

The total run in 1949 was composed of 2,763 sea lampreys.

The spring of 1910 was somewhat earlier than and equally as
warn as that in 1948. The sea lamprey run displayed character-
istics very similar to the run occurring in 1943. Sudden movements
of large mumbers of migrants occurred during hot, hunid period
although without quite the intensity ol this phenomenon in 1949.
Tt was likewrise nosed in the field that these periods of hot weather
“in 1940 were not as intonse as tlhose occuwrring in 1948 (refer to
airs temperature and weather data in Appendix c).

Ocqueoc River, 1947:—Data collected for the Ocqueoc River run
in 197 were concerned almost entirely with the arrival, extent of
activity, and disappsarance of the lampreys on their spawning
grounds. Conclusions as to the time limits and pealis ol mlgrabory”
activity, as they might be measursd by a welr znd trap near the
river's mouth, arc based entirely on [ield observabtions and a con-
sideration of migratory activity at the Ocqueoc falls, 8.8 niles
upstrean from the mouth of the river.

It was reported to me by Mr. Enos Brege of Ocqueoc, lichigan,
that on or shout Anril 10, 1947, le saw "several' sea lanpreys off
15 pouth of the Ocqueoc River while he was prospecting for the
beginning of the smelt run. Data prescnted by Shetter (19h9) for
ths 1945 pea lamprey run show daily trap cabches of no or solilary
sea lammpreys for the period April 22 (first day of trap operations)
Lo April 23, during which time, the average daily waber temperature
varied from 42 derrees 7. to Wb degrees T. In 1947, mean daily
water temperatures in the Ocqueoc River remained below hO degrees T.
until April 21 (Appendizx ¢). After consideration of these data and
those presented in this report for Carp Creek  for the period April
1-21, I believe that little or no upstrean migration occurred until
on, or about, April 20, 19L7. :

The greatest concentrations of sea lampreys at and on the Oc-
queoc falls viere present during the veriod June li-17. Water temper-—
aturcs ot the falls during this neriod veried from 56 degrees
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F. to 6L degrees F. (all recordings made between 10:00 and 12:00 P,M.);
The individuals composing this peak concentration obviously required
some time to make the journey upstream (and through Ocqueoc Lake) from
the mouth of the river. Since the mean daily water temperatures (in
the lower river) rose and remained above 50 degrees F. on May 16
(Appendix C), I presume that the peak migration into the .river began
on that date and continued until about June 10.

The last spawning migrants observed in the entire river were
a pair of sea lampreys which, on July 19 and 20, built a nest and
spawned in the lower river about 350 feet below the outlet of Ocqueoc
Lake. It was impossible to ascertain whether these spawmers had
come up the river from Hammond Bay or had dropped down from Ocqueoc
Lake where they may have been unsuccessful in locating the inlet
of the Ocqueoc River. No spawning sea lampreys could be found in
the upper river during the second week in July. Since individuals
could still be taken in Ocqueoc Lake by means of gill nets as late
as July 15 (Appendix C). I consider the lake as the most probable
source. Netting operations undertaken in the lake on August 1 and
August 31 to September 1 did not yield any additional sea lampreys.

Ocqueoc River, 19,9:--The earliest migrants to enter the
Ocqueoc weir and traps were 21 sea lampreys taken on the night of
April 27-28. These were not the earliest migrants to enter the
lower river from Hammond Bay. During the period April 12-1);, sea
lampreys were first observed at night in several pools immediately
below the weir and at several points in the estuary. In succeeding
days, the accumulation of sea lampreys below the weir increased and
they were more often in evidence. Conditions were favorable for
upstream migration on and after April 11 but no lampreys entered
the traps until the date indicated (see subsequent discussion of
effect of water temperature upon the runs) (Appendix C). I judge
from these facts that the weir structure acted as a temporary barrier
until a greater urge to move on upstream drove the lampreys to
search out the trap entrances to continue their journey.,

The run, once started, rose immediately and abruptly in a
seven—day period to its greatest peak (Figure 18). On the night
of May 3-L, 2,476 lampreys entered the traps between nightfall and
daylight. The bulk of the migrants (95.0 percent) entered the traps
between April 28 and June 10, a Lli-day period. During this time
of greatest activity, the run was depressed by cold weather between
May 9 and 16 and briefly inhibited by cool nights from Hay 26 to 29
(Figure 18).

During the period of greatest migration, 2li~hour trap catches
exceeded 2,000 sea lampreys on two occasions and exceeded 1,700
individuals on four occasions.

The run declined sharply after June 10 but remained continuous
in character until July 12, Relatively few lampreys were taken each
day during this period. Thereafter the run was discontinuous--
scattered migrants being taken sporadically until the last sea lam-
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prey entered a weir-trap on Septerber 2k.

A total of 2l,6l3 sea lampreys was taken in the Ocqueoc River
weir in 194L9.

In general, the Ocqueoc River sea lamprey run resembled the
runs occurring in Carp Creek in 1948 and 1949 insofar as large up-
surges of migratory activity occurred during periods of particularly
warm weather. The initial "surge" was accentuated, of course, by
the large stock of temporarily blockaded lampreys below the weir
which suddenly began to move upstream.

The Ocqueoc River run differed most noticeably fram the runs in
Carp Creek in its more continuous character. Fewer sudden increases
and decreases in migratory activity from one 2li=hour period to the
next occurred. DBeing a considerably larger stream than Carp Creek,
it is less profoundly and more slowly affected by changes in climatic
conditions.

(2) Factors affecting the runs

There is a very close relationship between water temperature
and the amount of migratory activity of the sea lamprey (Figures
15-18; Appendix C). It is very seldom that any upstream movenent
occurs at mean daily water temperatures of 140 degrees F. or lower.
Such infrequent activity as does occur is always associated with
temperatures very close to the L0-degree level. Migratory activity
at mean daily temperatures between LO degrees F. and 50 degrees F.
is, as a rule, light and is very sensitive to fluctuations within
this range. In general, activity increases as the 50-degree level
is approached. The greatest migratory activity occurs at mean
temperatures of 50 degrees F. to 65 degrees F. Water temperatures
above this optimum range have an inhibiting effect upon the upstream
movenent (Figures 15-18; Appendix C).

If daily catches of weir-traps are plotted against mean daily
water temperatures, a curvi-linear relationship is evident. Both
within and without the optimum range, however, the response in
migratory activity is not always proportional to the amount of
change in water temperature. On certain occasions, a negative
response may occur. These deviations are, in part, attributable
to the period during the run in which they occur. During the
latter part of the run, evident reactions to temperature fluctua-
tions reckoned in numbers of migrants are obviously less than in
the early part since the stock of mature individuals in the lake
(from which they are drawn) has been considerably reduced., De-
clining migratory activity in a small stream, in the presence of
increasingly favorable water temperatures, may also be caused by
strong onshore winds at the mouth of the streams. Such winds de-
flect the creeks!' discharge into the zone of wave action and
apparently cause lampreys, searching for a stream in which to spawn,
to by-pass the creek.
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Mean daily water temperatures in Carp Creek during the periods
of operation of the weir varied from 39.0 degrees F. to 73.0 degrees
F. in 1947, from 35.0 degrees F. to 72.0 degrees F. in 1943, and
from 37.5 degrees F. to 79.5 degrees F. in 1949 (Figure 15-17;
Appendix C). Due to the small size of the creek and the extremely
shallow character of its source, Carp Lake, these temperatures
fluctuated widely, reflecting closely even moderate changes in
weather, ‘

In 1947, from April 21 until May 15, water temperatures were
predominantly below 50 degrees F. and the run during that period
was, on the average, light (Figure 15). At mean temperature levels
of W1 degrees F., or lower, virtually no migratory activity occurred
(April 21~-23 and May 9). On May 16 the mean daily water temperature
rose above 50 degrees F. and, except for the period May 28-31, re-
mained well above that temperature for the balance of the run. Con-
currently, the greatest migratory activity began. The most pro-
nounced interruption in the run occurred during the period May 28-31
when the mean water temperatures fell to a low of lli.5 degrees F.

P

In 1948, from April 7-1L, mean water temperatures were at or
below };0.5 degrees F. No migratory activity occurred. A brief
rise on April 15 and 16 to the mid-forties brought in the first
migrants (Figure 16). A brief recession to near LO-degree levels
followed, which interrupted the run. A continuous, light run began
on April 22 as the water temperature rose rapidly towards 50 degrees
F. On April 26 the water temperature rose and remained above 50
degrees F. At the same time, the major upstream movement began.
A recession in water temperatures to a low of 1.5 degrees F. between
May 8 and 12 interrupted the major upstream movement. On May 28 and
. June 1-5, the mean water temperature rose above 65 degrees F. and
migratory activity was depressed. Cooling of the water between these
two periods, and following the second, was accompanied by increased
activity.

In 1949, from April 6 to 9, mean daily water temperatures fluc—
tuated at or below 40.0 degrees F. (Figure 17). One sea lamprey
entered the trap on the last day of this period. A brief rise to
53 degrees F. (April 10-15) brought in the first migrants of the
run, A brief recession (April 16-17) to a low of 37.5 degrees F.,
interrupted the run. The run resumed on April 18 with rising
temperatures and was thereafter continuous, though light, until
the mean daily water temperatures rose, and remained above 50
degrees F. on and after April 27. Following this rise the major
upstream movement took place. Two general temperature recessions to,
or below, the 50-degree level occurred during May 9-16 and May 26-29.
Recessions in migratory activity corresponded to these periods. On
June 3 and } and during June 12-1l;, the mean water temperature rose
above 65 degrees F. A very noticeable decline in migratory activity
accompanied this condition. Cooling of the water to means below 65
degrees I, between these two periods, and following the second one,
was accompanied by an increase in upstream movement.
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Mean daily water temperatures in the Ocqueoc River in 1949
varied from 3L.5 degrees F. to 80.0 degrees F. during the period
of weir operation (Figure 18). No migrants were taken in the weir-
traps until April 28 although water temperatures of 1O degrees F.
to 50 degrees F. had prevailed during nearly all of the 17 pre-
ceding days. Migrants were present, however, below the weir. This
delayed movement during water temperatures satisfactory for migration
is attributed to the blocking action of the weir structure in the
river. Early migrants are apparently more easily discouraged from
continuing their journey than those migrating later when higher
temperatures prevail. On May 30, mean daily water temperatures rose,
and remained above 50 degrees F. Almost immediately an upstream
movement of great intensity began (Figure 18). Presumably, this
sudden, great movement was composed of fresh migrants from the lake
and the accumulation of blockaded individuals that had been seen
below the weir. The run was continuous in character, thereafter,
until July 3. Two general recessions in water temperatures and
migratory activity occurred corresponding to those which occurred
in Carp Creek in the same year (May 9-16, May 26-29). These data
agree with the observations of Shetter (1949) for the 19li5 sea lam-
prey run in the Ocqueoc River for which he noted that the greatest
migratory activity occurred at water temperatures of 51 degrees F.
or higher. The effect of high water temperatures upon the Ocqueoc
River run was less pronounced than that at Carp Creek. On June L
and 5 the mean daily water temperature rose above 65 degrees F.
and migratory activity decreased. Cooling of the water in the
succeeding five days brought a brief increase in migratory activity.
On June 11, water temperatures rose again, and remained above 65
degrees F., and upstream movement once more declined.

It should be noted that the erratic character of the sea lam-
prey run in Carp Creek is probably characteristic of most small sea
lamprey spawning streams where temperatures respond rapidly to
climatic changes. Data presented by Shetter for the Ocqueoc River
run in 1945 and those collected by the writer in 1947 and 1949
(Figure 18; Appendix C) for the same stream indicate that in a
larger stream with more stable temperatures the sea lamprey run
has a correspondingly more continuous character.

Certain inexplicable declines in the number of migrants enter-
ing the Carp Creek trap were not always preceded or accompanied by
a proportionately rapid drop in water temperature, and sometimes
occurred on a slightly rising or stable temperature. This fact seems
to be related to the effect of certain onshore winds upon the water
discharged from the creek into the zone of wave action along the Ham-
mond Bay shore. The creek water was always identifiable until thor-
oughly diffused into that of the bay by its distinctive brown color
and usually higher temperatures. Under such conditions I could
ordinarily wade to a point beyond the band of deflected creek water
and seldom be standing at a depth greater than two feet.

It appears that sexually mature sea lampreys when seeking a
tributary stream in which to spawn are attracted into that stream,
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possibly among other things, by a strong positive rheotropic re-
sponse and/or a positive thermotropic reaction to the higher tem-
perature of the creek's discharge. If either or both of these-
responses exist, then conditions which deflect the creek'!s dis-

charge into a narrow, shallow band in the zone of wave action would

materially reduce the chances of a sea lamprey finding that stream
as it moves along the lake shoreline. ZErratic declines in migra-
tory activity that are not satisfactorily explained by water tem-
perature variations occurred on April 26 and 28, ¥ay L, 6, 16, 18,
and 22, and June 13 and 17, 1947 (Figure 15). In most every case
these can be associated with periods of easterly, onshore winds.

T do not believe that moderate to strong onshore winds would
have any appreciable effect upon the discharge of larger streams
such as the Ocqueoc River., It would take a gale of storm propor-
tions to deflect the discharge from such a stream under most con-
ditions.

Ho correlation exists between stream volume as reflected by
depth gauge readings and the sea lamprey run except insofar as
rapidly rising water levels (resulting frém cold rains or melting
snow) were generally accompanied by declining water temperatures
(Figures 15-18).

Observations on turbidity and routine oxygen and carbon di-
oxide determinations of the streams studied in 1947 showed no

evident relationship of these properties to the run. It would seenm -

that the amount of turbidity and the chemical quality of the water
as found in the streams studied have little or no relation to the

incidence or magnitude of Creat Lakes sea lamprey runs. Doth clear

and turbid waters are entered by migrants, Carp Creek and the
Ocqueoc River are both relatively clear when runs occur. On the
other hand, in the lianistique River, Schoolcraft County, below the
paper mill in that stream, sea lampreys enter channels in the es-
tuary which carry a very heavy suspension of wood pulp waste.
Purthermore, upon reaching the paper mill which blocks the river,
large nunbers of them formerly entered a pipe discharging the
combined hot pond and plant sewage wastes and traversed this pipe
to reach a small seepage channel above the mill (this latter con-
dition can no longer occur due to alterations in the level of

the waste pipe outlet). : '

(3) Time of migration during the day

It has been previously observed that the greatest upstream

movenent of sea lampreys occurs during the hours of darkness. For

exanple, among the runs of three years captured in Carp Creek, the
proportion of individuals entering the trap during the hours of
full daylight varied from 0. to 1.9 percent of the total run in
any year. From 98.1 to 99.6 percent moved upstream during the
hours of darkness. Of those lampreys migrating between 6:00 P, L.
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and 8:00 A. ¥., 33.2 to 38.0 percent entered the trap between 6:00
P, ¥, and 12:00 P, ¥. while 60.1 to 66.L percent were taken between
that latter hour and 8:00 A. M. Time of migration into the Ccqueoc
River, a larger stream, was almost the same. In that stream in 1949,
0.8 percent of the run entered the traps during full daylight, 32.7
percent between 6:00 P. 1. and 12:00 P, M., and 66.5 percent betieen
12:00 P, M, and 5:00 A. ¥, This agrees generally with Shetter's
data (1949) on the Ocqueoc River for which he noted that 55 percent
of the run occurred between the hours of midnight and 6:00 A. Y,

Only slight, and probably not significant, differences were
displayed in the time of migration of the two sexes in all runs

: studied. For example, of all males taken in Carp Creek in 1949,

“0.8 percent entered the trap during full daylight (prior to 6:00

-

P, ¥.), 35.9 percent between 6:00 P, M, and 12:00 P, ., and 63.2

percent between 12:00 P, ¥, and 8:00 A, Y, Of all females taken,
1.0 percent entered the trap during the hours of full daylight,
34.0 percent between 6:00 P, 1, and 12:00 P, i. and 65.0 percent
between 12:00 P. M. and 8:00 A. M.

Changes may occur in most runs in the daily time of migration
during the course of the run, The Carp Creek run in 1947 may be
cited as an example. Until ¥ay 29, no sea lampreys entered the
trap except during the hours of full darkness. Furthermore, during
this same period, the bulk of the upstream movement occurred between
the hours of midnight and 8:00 A, }¥. After the end of Llay, sea lam—
preys began to appear in the trap during the daylight hours and an
increasing number entered during the earlier hours of the evening.
If we break down the data for the period April 2L-June 21, 1947,
into two arbitrary periods we find that the following occurred: Of
898 sea lampreys taken in the trap between April 2l and May 31, only
1 or 0.1 percent entered during the hours of full daylight (prior to
6:00 P, M.), 265 or 29.5 percent between 6:00 and 12:00 P. ., and
632 or 70.l percent between the latter hour and 8:00 A, ¥, Between
June 1 and June 21, 623 sea lampreys were trapped. Of these, 28 or
li.5 percent moved into the trap during daylight hours (prior to
6:00 P, M.), 313 or 50.2 percent entered between 6:00 and 12:00 P. L.,
and 282 or li5.3 percent entered between midnight and 8:00 A. I,

However, this shift in time of migration was not repeated in this
stream in 1949. The run of this year displayed a proportionate in-
crease in mipratory activity in the latter half of the season between
the hours of midnight and 8:00 A, 1,

Field observations during 1947 and 1943 revealed that, at the
beginning of the spawning run, sea lampreys displayed a very strong

. negative response to light. This response becomes less and less

pronounced among later arrivals as the season progresses. The data
from the Carp Creek and Ocqueoc River weirs are confirmatory. A
variation of this was shown by Shetter (1949) for the Ocqueoc Hiver
run in 19h5. He found a scmewhat greater proportion of migrants

- 18 -



moving during the hours of daylight., In view of the generally
negative response of upstream migrants to light, I believe the
differences in our data may be attributed to the very shallow
and more exposed character of both streams in their lower reaches
than farther upstream. The weir from which Shetter's data were
dram was located well upstream in a well-shaded area of the
watershed.

Other species of fishAtaken in the weirs

(1) Kinds and numbers

In addition to the sea lampreys taken in the Carp Creek weir
each year, individuals or runs of as many as 18 other species of
fish and one other species of lamprey were taken as they migrated
upstream (Appendix D). The total number of fish taken was 9,583
in 1947, 34,656 in 1948, and 29,856 in 1949. Two silver lampreys
(Ichthyomyzon unicuspis) were trapped in 1947 and seven appeared
in 1948, .

In the Ocqueoc River in 1949, a total of 9,865 fish of 16
different species was captured moving upstream and 3,198 fish
of 16 species were taken moving downstream (Appendix D).

The bulk of the fish taken moving upstream in Carp Creek was
composed of spawning runs of the white suckers (Catostomus c.
commersonnii), smelt (Osmerus m. mordax), lake chubs {Coueslus
plumbeus), and Great Lakes longnose dace (Rhinichthys C. cataractae).

In the Ocqueoc River (in 1949), the principal upstream runs
were of white suckers, golden redhorse suckers (Moxostoma aureolum),
and Creat Lakes longnose dace, The principal downstream runs were
of yellow perch (Perca flavescens) and white and golden redhorse
- suckers returning to the lake after spawning.,

(2) Times of migration

The times of migration of other species of fish (Appendix D)
are significant insofar as some might represent potential compet—
itors of the sea lamprey for spawning grounds. Others (primarily
‘the minnow species) might be egg predators during the spawning
activities of the sea lampreys. No direct evidence of either
relationship has as yet been obtained, however, since practically
all lampreys were removed from the streams in which the welrs were
operated. In the Ocqueoc River in 1947 and 1948, the suckers
completed their spawning activities prior to any extensive nesting
on the part of the sea lampreys which would tend to eliminate
them as a competitor in this regard.
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White suckers, as a rule, migrated concurrently with the sea
lampreys (Appendix D). Like the lamprey, their greatest migratory
activity came at temperaturés of 50 degrees F. or higher. Golden
redhorse suckers moved during very short periods between late April
and mid-May and usually before the peak of the sea lamprey run.

Lake chubs attained the pzak of their migration during and shortly
after the major upstream movement of sea lampreys and white suckers.
The maximum ingress of Great Lakes longnose dace was generally prior
to that of the aforementioned two species., Smelt runs took place,
and ended, as the scattered early miprants among the sea lampreys
penetrated the stream.

Other species entered the traps in small numbers throughout

the periods of weir operations. Numbers taken, however, were
insufficient to reveal periodicity in migratory activity (Appendix D).

(3) Species and numbers bearing lamprey scars

All suckers, trouts, northern pike, rock bass, and bullheads

taken in the traps were examined for evidence of lamprey attacks,

Of those individuals which were lamprey scarred, few bore wounds

so fresh that they could have been inflicted while the fish was
traversing the short distance fram the stream mouth to the trap.

For the same reason they could not have been inflicted in the trap
ritself, Comparison of these fish with a series of scarred whitefish
and "chubs" (deepwater ciscoes) taken in Lake Huron, on some of
which the lampreys were still attached when the nets were lifted,
supports this view. On the latter, the scars had a bright red,

raw appearance which was seldom approached in freshness of appear-
ance in the specimens taken in the trap. Furthermore, only one
instance of recent feeding was found among the captured sea lampreys
(the digestive tracts of nearly all trapped lampreys taken in 1947
and 1918 were opened and found to be empty). The exception was a
17.3-inch, female sea lamprey taken on May 1, 1947; its intestine
was partially distended with blood. This specimen was in a retarded
state of sexual maturity as evidenced by the condition of its liver
and the underdevelopment of the gonad. This evidence that trapped,
scarred fish were attacked sometime prior to their entrance into

the stream is emphasized since the concentration of so many fish
and lampreys moving in the narrow confines of a stream might lead
the casual observer to believe that the incidence of attacks noted
was directly related to coincident spawning runs of predator and

prey.

In order to relate extent of scarring to possible trends of
population, a summary of the pertinent data follows:

Carp Creek, 1947:--0f the 3,700 white and redhorse suckers
transferred upstream, 257 or 7.0 percent of the run bore one or
more relatively fresh or recent scars. Occasional fish had two
lesions and two instances were noted of three on a single fish.
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On May 2, a rainbow trout, 26 0 inches in total length, was con-
flscated from a sucker spearer who had taken it in the estuary of
the creek, This fish had a fresh lamprey injury 2 1/l inches in
diameter and nearly 1/h inch deep. 4 2L.5-inch femsle rainbow
trout which came downstream on May 12 bore two recent lamprey scars
and one which was nearly healed. A third rainbow trout, 17.9
inches long, taken in the trap on May 26 had an old, healed-over
scar. One northern pike, 19,6 inches long, teken on May 1 had two
fresh lamprey wounds. No bullheads or rock bass had lamprey marks.

Carp Creek, 1948:—-0f 2,848 white and redhorse suckers trans—
ferred up upstream, 6.8 percent bore one or more relatively fresh or
recent lamprey scars. The degree of scarring of these species was
hardly different from that existing in 1947 although the size of
the run had declined appreciably. No other species had any evidence
of lamprey attacks in this year,

Carp Creek, 1949:—0f 1,811 white and redhorse suckers taken
in the trap, 31l or 17.2 percent bore one or more relatively fresh
or recent lamprey scars. In this year, the degree of scarring in-
creased very markedly and the size of the sucker runs continued
to decline at a rapid rate. No other species gave evidence of
lamprey attacks.

Ocqueoc River, 19,9:—A total of 3,137 white and redhorse
suckers was taken moving upstream., Of these, 801 or 25.5 percent
bore relatively fresh or recent lamprey scars, exceeding the Caro
Creek data by 8.3 percent. Of 104 rainbow trout transferred up-
stream; 23 or 22,1 percent had been scarred by lampreys. No indi-
viduals of any other species taken carried marks.,

(4) Occurrence of lamprey-scarred sea lampreys

In 1948, the first evidence of what might be termed cannibalism
was observed! Twenty-four sea lampreys were taken in the Carp Creek
welr which bore lamprey scars. Approximately the same incidence of
similarly injured sea lampreys was observed in 1949 although no exact
records were kept in that year, Some of these scars upon the lam~
preys were quite superficial and may, perhaps, be attributable to
some premature manifestation of the spawning urge. Most, however,
were deeper scars which penetrated the musculature. The implications
of these scarred lampreys are somewhat obscure since we know so little
of the feeding habits of the species. They may, in some degree,
indicate an increasing shortage of the species which comprise their
usual victims or they may be entirely fortuitous in nature,

Relative abundance of sea lampreys

One function which the weir-traps operated during these studies
may serve is to provide information on annual fluctuations in abundance
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of the sea lampreys in northern Lake Huron. Changes in the size

of sea lamprey runs and in the size and degree of scarring of the
concomitant sucker runs seem to indicate strongly that the sea
lampreys increased in numbers during the period 1947-1949. The
greatest augmentation appears to have been in the last year of

this period (May, 19)8-May, 1949?). Observations made in the
commercial fishery indicate that the sea lampreys are feeding ex~
tensively upon the suckers and for this reason they may provide an
index of lamprey abundance. Following is a tabulation of the

total sea lamprey runs, total white and redhorse sucker runs, and
percentage of scarred suckers for three years in Carp Creek and

one year in the Ocqueoc River. Data on the size of sea lamprey runs
for the Ocqueoc River in 1947 and 1948 are included and are estimates
based on counts of nests that were found in the watershed:

Total sea Total Percentage
lampreys suckers of suckers
taken taken scarred
Carp Creek 1947 : 1,617 3,700 7.0
Carp Creek 1948 2,939 2,848 6.8
Carp Creek 1949 2,763 1,811 17.2
cqueoc Rivér 1947 (10,000) “en cee
Ocqueoc River 1948 (13,000) cee ces
Ocqueoc River 1949 2h,6h3 3,137 25.5

A very decided increase has occurred in the size of the Ocqueoc
River spawning run of lampreys in this three—year period, the rate
of increase being greatest between the 1948 and 1949 spawning sea~
sons. The comparative size of the run in Carp Creek in the last two
yvears does not negate this conclusion as the figures would lead one
to believe. The flowage in Carp Creek in 1949 is estimated to have
been at half the volume of that occurring in 1948. A lesser dis-
charge would normally result in fewer lampreys being attracted to
the creek as they sought along the lake shore for a spawning stream.
In spite of this decreased volume of flow, the run was not signifi-
cantly different in size than that occurring in 1948.

In Carp Creek, with the abrupt increase in scarring of suckers
in 1949, came a continuation of the rapid decline in the size of the
sucker spawning runs. Observations in 1947 and 1948 indicate that
sucker runs in the Ocqueoc River too were much larger in those years
than in 1949. The size of these runs almost certainly reflects the
size of the sucker stocks in Lake Huron proper. Increase in the
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degree of scarring in conjunction with .a decline in aburdance of
these species provides soze circunstantial evidence thst the sea
lampreys are currently increasing in numbers. Two factors must be
considered, however, in evaluating this latter evidence: (1)
sucker populations are reportedly suffering a cyclic decline in
abundance at the present time in which the lampreys may only be an
accelerating factor; and, (2) lake trout, upon which lampreys seem
to prefer to feed are now relatively scarce in Lake Huron. With
the reduction in numbers of this species and with lamprey stocks
increasing, there would naturally follow some diversions of lam-
preys to other fishes. Zvidence collected both at welrs and in the
commercial fisheries indicate that the Lake Huron sucker population
may now be bearing the brunt of such a shift.

Some biological characteristics of spawning runs

(1) Sex ratio and differential migration of sexes

Of the 1,617 sea lampreys taken in the Carp Creek weir in 1947,
sex data were obtained from 1,600 specimens. Of these 1,600 sea
lampreys, 997 or 62.3 percent were males and 603 or 37.7 percent
were females. This is a ratio of 165 males : 100 females., Of 2,939
sea lampreys teken in the same weir in 1918, sex data were obtained
from 2,931 specimens, Of these, 1,82L or 62.9 percent were
males and 1,089 or 37.1 percent were females. This is a ratio of
169 males : 100 females. In 1949, the sex of all sea lampreys com-
prising the run, 2,763 individuals, was determined. Of these, 1,866
or 67.5 percent were males and 897 or 32,5 percent were females.

The resultant ratio is 208 males : 100 females.

In the Ocqueoc River in 1947, 679 sea lampreys were examined
for sex data. Of these, 36L or 53.6 percent were males and 315 or
L6.l percent were females. This ratio of 116 males : 100 females
is open to question since data on the sex composition of the entire
run and any differential migration by sexes is lacking, Of 2h,643
sea lampreys teken in the Ocqueoc River in 1949, 16,798 or 68.2
percent were males and 7,845 or 31.8 percent were females. The
sex ratio was 21 males : 100 females.

A trend toward an increasing proportion of males among mature
lampreys composing the runs is evident in these figures. The
slight proportionate increase in the numbers of males between 1947
and 1948 is not necessarily significant but that increase occurring
between 1948 and 1949 most certainly is indicative of a growing
imbalance in the population. I do not believe that even the
earliest sex ratio recorded (Carp Creek, 1947——165 males : 100
females) is a natural ratio for the species, which if their spawn-
ing habits are any indication, must possess under normal circumstances
a near-balanced or balanced sex ratio. In support of this contention,
is a sample of 52 ocean-run sea lampreys taken in the Sheepscot River
in Maine (1949) which I had the opportunity of examining. This sample
had a sex ratio of 79 males : 100 females.
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What factor or factors (genetic or environmental?) are oper-
ating against the females or in favor of the males is in no way
apparent. Whether the trend will continue is uncertain, but should
it do so it could hardly avoid having some effect on the sea lamprey
population concerned. :

The picturesque characteristics of spamming runs ascribed to
this species wherein the males predominate among early migrants and
females among the late ones (with more or less even division at the
peak of the run) (Surface, 1899) are barely suggested in the runs
studied (Appendix C, Tables 3, 6, 9, 13). For instance, cumulative
5-day totals of migrants entering the Carp Creek welr in 1947
display a 1.5 : 1 ratio between males and females quite gemerally
throughout the entire season. The only suggestion of the aforemen-
tioned phenomenon occurred between May 1 and 10 when the ratio of
males to females was about 2 : 1. At the termination of the rum,
between July 1 and 13, the males suddenly began to outnumber the
females by a ratio of almost 3 : 1.

In 1549, in both streams studied, a 2 to 2.5 : 1 ratio between
males and females prevailed throughout most of the run. After June
15 in the Ocqueoc River, the numbers of the sexes became more nearly
equal but males continued to predominate at all times. :

I presume that the failure of the females to predominate atb
the end of the run, as they reportedly do in this species (Surface,
1899), is an expression of the unbalanced sex ratio which is here
extant.

(2) length composition of spawning runs

The extreme range in size of 10,411 migrant sea lampreys, sexes
combined, that were examined for length during these investigations
was 11.0 to 23.5 inches (279 to 597 mm.). The average length, sexes
separately or combined, varied slightly from year to year but was
generally very close to a mean of 17.0 inches. There is no gross
sexual dimorphism in length (Table 2 and Figure 19).

The largest specimens of both sexes were taken at the beginning
of the run and for both males and females the mean total lengih
gradually decreased almost regularly during the course of the rum.,
This was more pronounced among the females than among the malss
(Appendix C, Tables 3, 6, 9, 13). For example, periodic averages of
the total length of females taken during the first half of the Carp
Creek run in 1947 ranged from 17.h to 18.3 inches. Thereafter, +hese
means declined to a low of 16.l inches towsard the end of the run.
Comparable averages of total length among the males were generally
more consistent. The dominant periodic average of total lengths of
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males during the first half of the run was 17 .6 inches. This was
reduced, as among the females, in the latter half of the sesson to
values ranging very close to 17.0 inches. This decline in the

" gizé of migrants may be attributed to an earlier attairment of
séxual maturity among larger specimens than among the smaller ones.
Both range and average length values for the Ocqueoc River

run in 1947 are appreciably lower than those given for all other
runs studied. An analysis of the sampling procedure. asg undertzken
in the Ocqueoc River in 1947, however, suggests that it was '
selective in favor of the smaller specimens. During the latier

part of the spawning season, there was a visibl® decline in the gize
of males and females on the spawning grounds. The very smallest
specimens seen and collected during 1947 were found on the upper
Ocqueoc River spawning grounds during the last week in June and the
first three days of July. These field observations agree with the
data presented for all other runs wherein it was found that the
average size of the upstream migrants declined during the latter
half of the upstream movement. My collections in the Ocqueos River
were made primarily at the falls during and after the peak concen-
trations of migrants there. Furthermore, collections on the spawn-
ing grounds were made almost entirely in the latter half of the
period of spawning activity. For these reasons, I conclude that the
data on the range and average of size for the Ocqueoc River run in
1917 were influenced by the period during which collections were made.

Graphic and tabular length-frequency data indicate a platykuriic
distribution of lengths in the spawning populations entering these
streams (i.e., the length—-frequency distribution is somewhat flatter
than a normal curve of distribution would be) (Appendix E, Tabies 1
and 2; Figure 19). The standard deviations of the lengths of the
sexes both separately and combined are high. There is no significant
evidence of poly-modality in curves constructed for any of thege
data. Possible interpretations of such data may be ambiguous. Platy-
kurtic distributions accompanied by high standard deviations reflect
either high variability or some heterogeneity in the sample. In
the case of a fish population such as these sea lampreys, this heterc—
geneity could be one of either age or origin. By heterogeneity of
origin it is meant that the individuals composing this sea lamprey
ur may have come from widely separated localities of diverses chax-
acteristics in Iake Huron. Irregularities in the length composziticn
of certain lake fish taken within the limits of Saginaw Bay aloxe
have been attributed to this phenomenon according to Dr. Ralph Hils
(verbal commmication). :

The determination of which of the characteristics, heterogeneitby
cr high variability, is displayed in the spamning run dats ig of
considerable importance in determining the biology of thz gpecies.
For example, it Wwould be of value to know if the sexually mahare s=a
lampreys entering a stream to spawn are homogenous as to age or
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Table 2. Range in lensth and meen length with standard deviation of male and female

sez lampreys entering Carp Creek in 1947, 1948, and 1949 and of those eniering the

Ocqueoc River in 1947 and 1949 (all measurements are of total lenstlh, taken in inches

and tenths to the nearest tenth; millimeter equivalents are ziven in parentheses
beneath each figure).d’

Total length in inches Sexes
Hales Females combined
Stream Year Min, Aver, Max, Min, Aver, lax, Aver,
Carp Creek 1947 13.0 17.4 22,4 12,0 17k 22,6 17.4
441,52 4+1.60 41,5
(330)  (u42) (569) (305)  (Mu2) (574) (4h2
Carp Creek 1948 11.0 16,7 23.u 12,0 16,9 22,3 16.8
4:1.33 d+1.57 A£l.5
(279)  (424) (594) (305)  (429) (566) (427
farp Oreek 1949 12.5 16,9 22,3 12,9 17.k 21.1 17.1
d£1.53 d4+1,51 q:!:l.g?
(318) (429) (566) (328) (M42) (536) (43
Ocqueoc River 1947 12,5 16,2 19.4 12,0 16,3 21,1 ceo
T (318)  (812) (493)  (305) (W) (536) -
Ocqueoc River 1949 12,0 17.0 22,2 11,3 17.2 22,6 17.1
421,68 d+1.67 41,6
(305) (U32) (564) (287)  (437) (574) (U3y

4 Based on length samples constituting 99 plus percent of the rmms entering
Carp Oreek in 1947 and 1948, Data for that stream and the Ocqueoc River in 1949
are based on random length samples (see "Collection of data", parse 36 and page
46), At the Ocqueoc River in 1949, extremely small or large specimens were
occasionally selected out in periods when lenzth data was not being collected
end these lampreys were measured. Selected specimens above, or below, the range
given in this table were as follows: two males, 11.4 and 11.8 inches respec-
tively; one male, 23.1 inches, and two females, 23.2 and 23.5 inches long.



whether runs are composed of individuals of several age groups.
Should the latter condition obtain, it would render amy deter-
mination of length of the parasitic period based on collections

of sexually immature individuals from the Great Lakes more diffi-
cult to make (as yet, no method has been discovered for determining
accurately the age in years of adult sea lampreys). Data presented
subsequently on periodic collections of specimens in the parasitic
phase made in the Great Lakes proper indicate that all, or nearly
all, individuals comprising a spawning run are of a single age
group.

However, in view of our inability to make precise age deter-
minations in this species, we must consider that several possible
interpretations exist for the characteristics of the length fre-
quency data: (1) either the spawning populations studied are
characterized by a high morphological variability and are homogenous
as to age and/or origin, or, (2) they are characterized by a lesser
morphological variability (in length) and are heterogenous as to
age and/or origin. The preponderance of evidence presented in the
current study favors the first contention.

(3) Weight composition of spawning runs

Weights were obtained for 1,599 sea lampreys taken from Carp
Creek in 1947 (Appendix E, Table 3; Figure 20). Male sea lampreys
varied from 59 to 40O grams (2.1-1l.1 ounces) and averaged 181.6
grams (6.l ounces). Females ranged in weight from 61 to L36 grams
(2.1-15.1 ounces) and had a mean weight of 186.6 grams (6.6 ounces).
Weight-frequency polygons for both males and females display a
positive skemness (Figure 20). As a result, the modzl weight values
(i.e., most frequently encountered weights of migrating sea lampreys)
for both sexes are appreciably lower than computed mean weights. -
The marked asymmetry of the weight-frequency distributions may again
indicate some form of heterogeneity in the spawning run; as pre-
viously suggested by the lengths.

The actual total weight of all individuals comprising a run is
surprisingly small. The total weight of the 1,617 sea lampreys taken
in Carp Creek in 1947 (which constituted 99 plus percent of the run)
was 654 pounds. If we utilize the maximum estimate for the run )
entering the Ocqueoc River in 1947, 10,000 sea lampreys, and assign
these migrants an average weight of 6.5 ounces for both sexes com-
bined, we find that the total weight of the run in that river was
very close to L,062 pounds. These data indicate that even where
large sea lamprey runs are present, the total poundagez that might
be removed for commercial purposes are not of encouraging propor-
tions.
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Figure 20.-~Weight=frequency diagrams for male and female sea lam=-



(L) Relationship between length and

weight in spawning runs

Both length and weight data were obtained for 2,180 sea lam~
preys collected during 1947, 1,303 of which were males and 877
females. Of the total, 1,599 were taken in Carp Creek and 581 in
the Ocqueoc River. Average weights by 0.2-inch length groups
were computed separately for the males and females of each of the
two runs. A comparison of corresponding sexes from both watersheds
indicated no significant differences in the length-weight relation-
ship. For this reason, the length and weight data for both runs
were combined, sexes separate (Appendix E, Table L). For summary,
empirically determined averages of the males and females were plotted
separately on graphs, and curves were fitted to these points by in-
spection (Figures 21 and 22).

In general, the weight of sea lampreys does not increase as
rapidly with length as does the weight of many higher fishes
(Beckman, 1948). This is attributable to their more attenuate or
snake-like body form; it is most evident in the male sea lampreys
whose weight remains more or less directly proportionate to the
length until a size of 19.5 to 20.0 inches is attained. Thereafter,
weight increases rather rapidly with length (Figure 21).

Among the females, weight increases more noticeably with length
but the validity of this relationship is questionable due to the
profound effect of the developing ovary upon the total weight of
the female (Figure 22).

The variation in weight at any given length is generally great
and increases with increase in length. Occasionally, the heaviest
specimen in a 0.2-inch length group exceeded twice the weight of
the lightest specimen in the same group. This is illustrated in
Figure 21 where the range in weight for each 0.2-inch length group
of males has been plotted.

(5) Migratory habits and behavior

Sea lampreys swim with a whip-like, undulatory motion which
in its mechanics appears to be identical with that of the eel
(Anguilla) as described by Breder (1926) and termed by him:
"anguilliform locomotion.” This is very similar to the familiar
movement of a snake traveling on the ground.

Sea lampreys swim normally with the oral disc closed giving
the head a bullet-shaped conformity. The anteriorly cylindrical
and posteriorly compressed body, covered with copious amounts of
friction-reducing slime, adapt the species well to rapid locomotion.
These characteristics may be particularly useful when the animal
negotiates rapids and falls. During their upstream migration and
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presumably during all of the adult phase of their life cycle they
are, on occasion, very fast swimmers. When traversing areas of
swift water, and when surmounting obstacles such as dams or
natural falls, or when frightened, (presumably also when over-
taking their prey) they are capable of amazing spurts of speed.
However, these sudden spurts undoubtedly represent the terminal
swimming velocity of the species and it seems unlikely that they
could sustain such speeds for any appreciable distance.

When not taxed to their utmost by circumstances, the swim-
ming habits (in migration) of the sea lamprey differ materially
from those of other fishes. They seldom rest in midwater by main-
taining their position and balance in the current through continual
movement. Rather, when not deliberately moving upstream, changing
position, or seeking their way around or over an obstacle, they
cling by their mouths to a rock or log or any available solid
object. This behavior was noted even under conditions of little
or no current and among individuals resting in static water.

Related to their capacity for sudden bursts of speed is their
ability to work their way over many natural falls and man-made
dams of low or irregular construction. Surmounting such obstacles
is not accomplished by spectacular leaps as among the salmons, but
by throwing themselves upward and. forward in short, wriggling
thrusts and securing each gain hy attaching themselves firmly in a
new position by their oral discs BEach gain is followed by a seem=—
ingly long period of rest before another attempt is made to move
farther. In this fashicn, they progress slowly up and over the
faces of falls, fcllowing crevices and fissures which offer the
-east resistance by current or vertical surface. Air chambers be-
hind the falling water are traversed by the sea lampreys with no
apparent difficuliy. I have seen masses of them.in such locations
that were wet only by spray or occasional turbulent surges. Where
falls and low dams offer vertical surfaces to be negotiated, it was
noted that the sheer mass of the accumlation of migrating indivi~
duals occasionally ferced the topmost individuals to a position
where the barrier could be cleared in a single thrust. Mass action
in thess instances ensures that at least some individuals may gain
+the spawning grounds. The preceding observations were made in the
+glls of the Ocqueoc River and at several low dams on that river
where it was possible to trace the routes of the lampreys over these
sbhstructions by exploring the face of the falls by hand. -

Observations on the Ocqueoc and at several high dams, such as
+hose on the Cheboygan and Manistique rivers. indicate that sea
lampreys can seldom " jump® vertically more than two feet although they
have been occasionally cbserved leaping as much as four feet in a
forward and slightly upward direction at the base of a natural falls.
Tt is of interest to note that they can, and cccasionally do, leap
~ut of a 10-gallor milk can comtaining about 12 inches of water.
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Locomotor and other behaviorisms are of interest when trap-
ping operations are considered. Sea lampreys observed arriving
on the downstream side of the Carp Creek weir and trap did not
lead immediately along the wings of the weir. In general, they
tended to prod and explore both downstream and upstream aleong the
barrier, seeking some small aperture through which to pass;
eventually the trap entrance was always discovered and entered.

As a result of this searching behavior, these lampreys had phenom-
enal success in finding and passing through the smallest of aper—
tures in a weir face. When in a trap or a live-crate, the same
behavior was noted--an almost ceaseless searching for some means
of escape. In 1947, I tested the ability of sea lampreys to find
an opening large enough to permit their passage through a barrier
screen. Eighteen migrating adults were placed in the lower of two
compartments of a large live-crate that was situated in a moderate
water current. The crate measured 3 feet by 3 feet by 6 feet and
was made of 1/2-inch mesh hardware cloth on a light wooden frame.
The depth of the water within the live-crate was approximately 20
inches. A small hole, one inch in diameter, was made in the center
of the hardware cloth partition dividing the live-crate. Within
four hours; all but two of the sea lampreys had found, and passed
through, this hole into the upstream half of the box. For this
reason, great care must be exercised in the construction and main-
tenance of weirs, traps, and holding pens.

The physical characteristics of the lampreys and many of their
natural responses make them extremely difficult to handle during
trapping operations. All nets used for removing trapped specimens
must have deep bags since the lampreys tend to jump and thrash
violently when removed from the water. Unless considerable practice
has been had, it is almost impossible to hold on to an adult sea
lamprey with bare hands. When held out of the water they weave and
twist violently and attempt to fasten by their mouths to the nearest
solid object. Specimens which succeeded in attaching themselves
to my hand or arm did nothing more than hold on--they never harmed
me with either teeth or tongue. In handling live specimens; they
are best grasped just behind the last gill opening in a finger lock
between the middle finger and the index and fourth fingers. They
may also be held by grasping them strongly between the funnel and
first gill opening with the thumb and forefinger.

Data relative to the differential migration of sexes during
the spawning run and changes in its generally nocturnal nature
have been presented in a preceding section (p. 54 and pp. L7-L9).

The negative response of migrating sea lampreys to light is
particularly marked during the first half of the run in streams.
In the Ocqueoc River watershed a period of six to eight weeks
elapses between the entrance of the first migrants into the river
and the beginning of spawning activity. Although towards the exnd
cf this period a great number of sea lampreys are present in the
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drainage, they are seldom if ever seen during the daylight hours.
However, visits at night to areas apparently devoid of sea
lampreys during the day reveal many migrants clinging to rocks or
working their way upstream. In daylight hours, they are found
wedgad among and under rocks, logs, brush tangles, or retired
vnder overhanging banks or on the bottom of the deeper pools.

Wher prodded from these hiding places they dash blindly away with

- iittle regard for the direction taken. In several instances,
disturbed specimens darted at right angles to the current with
such force that they slithered several feet up onto a low, grassy
bank or mud flat. Generally, after traveling but a short distance,
they sought to conceal themselves again by utilizing whatever cover
- was available. When disturbed at night by having an observer shine
an artificial 1ight on them, the lampreys flee also with apparent
lack of direction. I have been unable to drive them ahead of me
at night with a jacklight accompanied by splashing. Again they
tend to scurry in all directions, mostly downstream and often be-
twaen the legs of the drivers. Their fellow migrants, the suckers
{Catostomus spp.), behave differently. They move systematically
awgy from such disturbances in more or less of a growing school.

Prior to any spawning activity, migrant sea lampreys taken in
sbreams are very tenacious of life, particularly in cool weather,
and will survive much longer when held out of water than most other
fishes., Specimens retained in a milk can without water for six
henrs at about 35 degrees F. on a spring night showed no apparent
211 effzcts of their confinement when placed in water again. The
pumping action of the gill pouches is very persistent, and will
last s long as 1 1/2 hours in specimens that have been drawn
{gutted).

Both negative phototropism and vitality change with the
advent of pesk spawning activity. Migrants become more and more
zvident during daylight hours, particularly at obstructions to
migration, and nest building and spawning activity becomes as
- great in the light as during the hours of darkness. Among those
ses lampreys engaged in spawning, this is most probably due to
prograesive loss of vision which accompanies the physical degener-
v abion taking place at this time. Nearing the completion of spawr-

- inmg, most individuals were judged to be blind or nearly so. The

tandency of migrating sea lampreys to be more in evidence in day-
lipght during the latter half of the run may be due to this ocular
degensration and/or to an urge to reach suitable grounds and com—
mence spawning. Both or either may offset to some degree the dis-
played response to light of earlier migrants.

The great vitality noted in early migrants likew:i.sé disappearss;
labe migrants die on little handling or removal from the water.
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The guestion has been ralssd often as to whether or nct sea
lampreys feed during migration. I have evidence that they feed
rery little if at all. This evidence was cbtained by analyzing
the contents of lamprey digestive tracts and by examining other
fish present in the same waters, during a mlfrdtlo“, for lamprey
scars. The dissection of migrants taken from both uavb Craek and
*hc Ccquacs River presents very sbrong evidence that feeding neases

rith apprcaching sexual maturity end with upstream mowemernt . Of
ﬁ,ei migrating sea lampreys cvened in 1947 From Cavp Creelr and the

7}

Quyuesc River, only one specimen showsd any evidence of ¢ g
feeding.
Between May 29 and July 15, 1947, netiing operations wera

undertaksn in Oecqueoc Lake utlllzing 125-foot evperimeatal gill
Twenty~elght sets were made averaglng 2l hours each. During
griod of netting cperations, grant sea lampreys were con-
ratzd in greater or lesser numbeLs in the lalke whils in passage

to the upper reaches of the watershed. A total of 59 adult s=z
;..j NG And 11} gams, pan, and ccarse fishes of assorted averags
length were taken &s fellowss 27 northern pike, 21.7 inches; L1
rveck bass, 6.3 inches; 2 black bullheads, 9.5 inches; 4 bluegills,
.0 inches; 28 yellow perch, 5.7 inches; 2 largemouth bass 11.9

1W;hes5 6 white suckers, 13.3 1nchnu, 2 walleye pike, 11.5 inches
and 2 pumpklncge. sunfish, 3.7 inches

Although the ratio of nigrant sea lampreys to resident game
fish taken in the nets was high. nons c¢f the fish bore any svidence
¢f lampresy attacks except one 30.6-inch northern pike. taken on May
29, which had an old, healed scar. However, on May 24, 19i7, a
smalimouth bass about 1l inches in total length which carrisd a
iargs, fresh lamprey scar was seen swimming in shoal water. Since
smallmouths migrate into the Ocqueoc watershed from Lake Huron
during this season and since many individuals of game species taken
in the Carp Creek welr and trap were lamprey marked, it is quite
mosslole that this scarred fish may have been attacked on 2 recernt
date while in ILake Huron.

Ore experimental gill net set for a 26-hour per4od in Ocgusoc
Lake on April 21, 19L81 yiedded the fcliowing: 17 ncrvthers: pike
averaging 19.7 inches; 2 rainbow frout averaging 15.3 irche,
1 largemcutn bass of 11.0 inches; and 3 suckers averaging 17
inzhes. Again., none had larprey marks.

=
o

(A) Distance of migraticn

In spits of the rhysiclogical drain of stream migration withoub
feeding and thes energy demands of surmounting count?css cbstacies
£ current and falls, sea lampreys travel considersble distances
upstrean tc reach suitable spawning grounds. Approximabed marii

w5

- 65 ~



for present known spawning grounds show a range of from 19 to

19 miles. Obviously this fish is capable of penetrating well
toward the headwaters of most Michigan tributaries of the

Great Lakes, unless blocked by barrier falls or dams. Exemplary
distances from the Great Lakes shoreline to nesting areas follow:

Region 1. (Upper Peninsula)

Sturgeon River, Alger County............. tevse0+.39.0 miles
Trout Brook, Chippewa County............ veeseees.22.5 miles

Region 2. (Lower Peninsula)

Ocqueoc River, Presque Isle County...... teesense «+19.0 miles
Au Gres. Watershed:
Hale Creek, Iosco County...... Ceetertesnenean .34.0 miles
Hope Creek, Tosco County.....eceeveveencessss.25.5 miles
E. Br. Au Gres River, Tosco County............23.0 miles
Au Gres River, Josco Counby..evecsvaneececanns 2L4.0 miles
Rifle River, Ogemaw County........ ctireaes eseee+039.0 miles
Houghton Creek, Ogemaw County...eocecececanses ++.15.0 miles
Little So. Br. Pere Marquette, Lake County..... ..17.0 miles
Baldwin Creek, Lake County....eovoevvvnecsesss...48.0 miles
Bear Creek, Manistee Countyeseeeieeensnsncss veess32.0 miles

(7) Pathology, parasitism, and predation

(a) Pathology

of 5,135 sexually mature, migrant sea lampreys examined in
1947 and 1948, none displayed any macroscopic evidence of either
bacterial or sporozoan induced infections, at least insofar as any
such disease would exhibit itself by internal or external inflam-
mations, ulcerous tissue, other obvious pathological conditions of
the viscera, or by abnormal behavior.

In the samples examined, however, there were a few individuals
which displayed developmental or structural abnormalities such as
those which ordinarily appear in any population of vertebrates.

In the Carp Creek spawning run in 1947 (1,599 specimens examined),
3 sea lampreys (2 males, 17.1 and 18.l inches in total length; 1
female, 11;,7 inches in total length) had deformed caudal fins. A
fourth specimen (male, 16.L inches in total length) had a deformed
second dorsal fin. One male sea lamprey was taken which was gro-
tesquely short in body length in relation to its girth and other
bodily development. The largest sea lamprey captured in 1947, a
female, 22.6 inches in total length (weight: L36 grams), possessed
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a severely malformed ovary; the development of individual ova in
this gonad was so retarded that the sex of the specimen could only
be determined with the aid of a microscope. A similarly malformed
and underdeveloped gonad was found in a male sea lamprey, 18.0
inches long (weight: 152 grams).

In the Carp Creek spawning run in 1948 (2,938 specimens exam~
ined), 2 sea lampreys (female, 15,0 inches, and male, 13.0 inches
in total length) were taken which had deformed caudal fins. One
male, 11.0 inches long, had a disproportionately short body in
relation to its other structural features. Two females were noted
each with a small, healed perforation in the anterior body wall.

In at least one of these cases the perforation opened into the body
cavity; their origin is not clear.

It is concluded from these observations, that the migratory
populations of sea lampreys examined were quite perfect physically
and displayed no gross evidence of any maladjustment to their
relatively new habitat in the Lake Huron basin. These observations
agree, in general, with those of Gage (1928) for the dwarf sea
lamprey (lake lamprey) on its spawning grounds in inland New York
waters. Among these he noted only waccasional instances of abnormal
structure or development.

(b) Parasitism

During the 1948 spawning runs, a random sample of 100 migrating
sea lampreys was carefully examined for the presence of internal
parasites. This sample was collected between June 2 and 8, 1918,
in the Ocqueoc River falls (69 specimens) and in Carp Creek (31
specimens). Fifty-six of the sea lampreys were males ranging from
12.6 to 18.9 inches in total length (average: 16.6 inches) and L
were females ranging from 12.9 to 19.6 inches in total length
(average: 16.l inches).

Twenty sea lampreys (10 males and 10 females) or 20 percent
of the total sample contained one or more individuals of several
types of parasitic organisms within their digestive tracts. The
most common of these were adults of the acanthocephalan, Echinorhynchus
coregoni@{ which occurred in 17 of the sea lampreys examined (9 males
and O females). With the exception of one sea lamprey which con-
tained three adult worms, all specimens examined had but one of these
parasites in the digestive tract. This parasite has commonly been
reported from whitefish and various other northern fishes.

&Identified by Dr. H. J. Van Cleave of the University of Illinois.

- 67 -~



Single, immature specimens of cestodes were found in the
intestines of three sea lampreys; two of these tapeworms were
identifiable--the third was not. Identified from the scolex only,
was a plerocercoid larva of Trianophorus (crassus?)~d Larval cysts
of Trianophorus crassus are found frequently, and occasionally in
some abundance, in the flesh of the whitefish and tullibee (Cameron,
1945; Kennedy, 1948). It has been observed that sea lampreys are
now feeding extensively on whitefish in northern Lake Huron. Pre-
sumably, then, this larval tapeworm is traceable to this source.

Tt is considered doubtful if it (the plerecercoid larvae) could
mature since the sea lamprey is an unnatural final host for it.

The othef identifiable tapeworm was an immature specimen of
Abothrium sp.f/ This parasite infects trouts, coregonids, and smelt
TPiehn, 192L) and burbot (Van Cleave and Mueller, 193lL; Bangham,
1946). However, since the larvae are normally found imbedded in
the intestinal wall of hosts, the manner in which the sea lamprey
carrying this parasite became infected is somewhat obscure.

Occasional sea lampreys were taken in 1947 and 1948 which had
small tumor-like cysts in the wall of the intestine. Five such
specimens were taken from Carp Creek in 1947 (1,599 sea lampreys
examined) and 11 similarly afflicted specimens from the same stream
in 1948 (2,938 sea lampreys examined). The majority of these swell-
,ings were examined and proved to be cysts. However, in each case
the contents of the cysts were in a disintegrated condition and
could not be identified. The circumstances suggest strongly that
these cysts were those of nematode larvae which had died, according
to A. E. Woodhead (verbal communication).

"Although a large percentage of the total sample of sea lampreys
contained internal parasites of one form or another, no single
specimen contained enough parasites to constitute a severe or appar-
ently harmful infection.

Occasional sea lampreys taken in the Carp Creek trap in 1948
had leeches attached to them. One of these, identical with the
others observed, was identified as Piscicola milneri (Verrill,

1847) &

QVIdentified by Prof. A. E. Woodhead, Dept. of Zoology, University
of Michigan. ..
\3/Identified by Prof. A. E. Woodhead, Dept. of Zoology, University
of Michigan. ' :

éyldentified by Dr. Mérvin Clinton Meyer of the University of Maine.
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(¢) Predation

Since the beginning of the present investigation, occasional
observations were made, or reports received, of predation upon
migratory or spawning sea lampreys by fishes, birds, and mammals,
Perhaps the most interesting observations are those of predation
by fishes. On June 27, 1947, a walleyed pike, 17.0 inches in
total length, taken on a lure in Ocqueoc Lake, was found to have
swallowed a mature, adult, female sea lamprey 1l;.5 inches long.

At the time of capture, several inches of the sea lamprey's tail
were still protruding from the walleye's mouth. In the stomach,
digestion of the head region had barely begun. Conservation -
Officer Charles Vanderstar of Naubinway, Michigan, reported that

a l6-inch (sea) lamprey was removed from the stomach of a 7 1/2-
pound (northern) pike taken from Millecoquin Lake, Mackinac County,
on June 17, 19h8. This watershed is known to support a moderatel;
large sea lamprey spawning run. Mr. B. L. Foresman of Alger, it
Michigan, reported finding a 13-inch sea lamprey in the stomach of
al 3/h~pound brown trout. This trout was taken in the Rifle River,
Ogemaw County, during the month of May, 1948. Like the Millecoquirn,
the Rifle River has a sizable sea lamprey run.

These records would indicate that mature sea lampreys, regard-
less of their size or habits, are not immune to attack by large,
predatory game fishes. Many more are undoubtedly destroyed by
such fishes than ever come to the attention of interested observers.

The sea lamprey appears most vulnerable to attack by birds
and mammals while on its spawning bed. On June 22, 1947, the par-
tially devoured carcasses of several sea lampreys were found on
the bank adjacent to a crowded spawning riffle in the ILittle Ocqueoc
River, Presque Isle County. Tracks of a raccoon at the carcasses
and lamprey teeth found in nearby raccoon scats identified the
predator. Iess conclusive evidence found several days later on
the Ocquecc River indicated that a mink may have captured and par-
tially devoured a sea lamprey. I have also noted several domestic
dogs which enjoyed capturing spawning sea lampreys and aragging
them out on the bank; they were seldom eaten by the dogs in the
presence of the observer.

During late June, 1948, a great blue heron was observed on
several occasions fishing in one of the scattered spawning riffles
in the Ocqueoc River (T36N, R3E, S.33). Although this bird could
not be approached closely at any time, it was observed on one
occasion in the act of swallowing a spawning sea lamprey.

‘ The peak of spawning activity in the Ocqueoc River in both
19L7 and 19L8 was accompanied by daily concentrations of gtlls
(presumably herring, ring-billed, and Bonaparte's gulls) which flew
into the most heavily used spawning areas each morning. They were
observed picking up both spawning, and spent and dead sea lampreys.
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Their activities may account, in part, for the seeming scarcity
in some spawning areas, of dying and dead lampreys which have
completed their spawning activities.

Migratory sea lampreys, even in areas of deep water, are
preyed upon by the gulls. Several employees of the Manistique
Pulp and Paper Co. and Mr. Howard Loeb of the Fish Division
reported observing (in 1947) "sea gulls" capturing migratory sea
lampreys as they came to the surface in."boils" belcw the tail-
race of the paper mill on the Manistique River. This phenomenon
is so common during the peak of migration in that river and the
actions of the gulls so comical as they attempt to swallow 1- to
18-inch lampreys that they provide consistent amusement for mill
employees during this period.

Of all avian and terrestrial predators, gulls apparently
constitute the only significant natural enemy of the sea lamprey
during its migration and spawning in Michigan streams. However,
the total effect of the activities of these birds has not kept
this lamprey from becoming more abundant up to the present or
from increasing its range.

The basic source of references in the literature to natural
enemies of adult sea lampreys is the study of Surface (1899) for
the Cayuga Lake region, New York. Surface presented records of
predation upon adults by: (Mammals) raccoons, rmskrats , rats,
mink, weasels, foxes; (Birds) hawks, owls, herons, bitterns; and
(Reptiles) the water snake. He reported also having seen a bowfin
eat an adult sea lamprey in an aquarium. All of these kinds of
animals, along with other potential predators, are present in
Michigan and probably feed occasionally on migrant or spawning sea
lampreys.

(8) Reproductive potential of sea lampreys

(a) Collection of materials

All field observations upon which this study of the repro-
ductive potential of the sea lamprey is based were made between
April 9 and July 10, 1947, on the Ocqueoc River and Carp Creek.

The degree of maturity of nearly all sea lampreys entering Carp
Creek in that year was estimated as was that of large samples of
specimens taken from the Ocqueoc River. The entire ovaries were
removed from 70 migrant females and preserved in F-A-A (a solution
of formalin, acetic acid and alcohol). Fifty-eight of these speci-
mens were taken in Carp Creek, eight in the Ocqueoc River, one in
Ocqueoc Lake (taken in a gill net, presumably while migrating through
the lake to the spawning grounds in the river upstream from the lake),
and three were captured in the Cheboygan River below the power dam

in the city of Cheboygan, Cheboygan County. Pertinent mensural

data were collected on all specimens at the time of capture. The
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specimens utilized were, deliberately selected for length so that
all size-groups in the migrant population would be adequately
represented among the data. To obtain a better measure of the
variability in egg production at a given size, additional speci-
mens were collected in the 17.0- to 18.0-inch (432-457 mm.) size
group. This group embraces the mean length (17.l inches, }42 mm.)
of the 603 females which entered Carp Creek in 1917.

The earliest specimens represented in my series of 70 migrant
females (Nos. 1, 2, and 3) were speared just before midnight on
April 15 and 16 in Hammond Bay, about 100 feet offshore from the
mouth of Carp Creek. They undoubtedly represent the earliest
migrants arriving from deeper waters of Lake Huron as determined
by repeated cbservations during the period April 9 through April 15.
Those observed were making no effort tc enter the creek at that
time. They arrived on the gravel fan off the mouth of the creek
about two hours after dark and dropped back into deeper water with
the beginning of dawn. Upstream migration began on or about April
19. After April 15-16, specimens for this study were collected at
five- to ten-day intervals throughout the migratory period.

In addition to the gravid females, L0 spent and dead or dying
specimens were collected in the Ocqueoc River, the Little Ocqueoc
River (a tributary of the former) and in the Manistique River (a
tributary of Lake Michigan). Schoolcraft County (one specimen).
The remnants of the ovaries and all eggs remaining in the body
cavity were removed and preserved in I-A-A. ‘

(b) Egg development and maturity in spawning migrants

Female sea lampreys when sexually mature and ripe have a
single, elongate ovary extending nearly the entire length of the
body cavity (Figure 23). The anterior tip of the ovary begins
Just behind the last pair of gill pouches and the organ extends
posteriorly to the anus. The ovary, when the eggs are ripe, or
nearly so, constitutes a large percentage of the total weight of
the female. In 18 ripe or nearly ripe females collected between
June 12 and June 26, the ovaries averaged 22.) percent of the total
weights of the females and ranged from 13.6 tc 29.5 percent. On
the other hand, in eight less mature females collected between
April 15 and April 20, at the beginning of the run, the ovarias
averaged only 11.3 percent of the total weishts of the females and
ranged from 8.2 tc 15.8 percent.

When the eggs are fully ripe, they are shed into the coelem
(body cavity) and are forced to the exterior during the spawning act
through a pair of genital pores. One of thess pores enters each
gide of the urogenital sinus which is provided with a median pore
to the outside on a papilla situated behind anus. No Millerian
ducts {nor vasa efferentia in the male) are present, unless the
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Figure 23.--Dissection of a ripe female sea lamprey showing size,
extent, and position of ovary. Note atrophied remains
of digestive tract lying on and within the ovary.
(Photo by George Skadding.)
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paired pores represent these. The ripe eggs are spherical tc pear—
shaped in form and sandy to light tan in color. At the time of
extrusion, they are non-buoyant and somewhat adhesive; sand grains
stick to them readily.

In order to determine the nature ¢l the ova present througn-
out a given ovary, and the degrec of egp development (i.e., stage
cf maturity) in females at different times during ‘the spavming
run, diameter measurements of ova were made from eight specimens.
Measurements were made by means of an ocular micrometer in a com—
pound binocular microscope; calibration of the ocular micrometer
with stage micrometer indicated a value of 0.05 millimeters for
each micrometer unit; diameters were therefore determined to the
nearest 0.05 millimeter.

Due to the effects of preservation and the natural shape of
many of the eggs, very few were perfectly symetrical. In order
to avoid any selection of the longest or shortest diameter, the
micrometer was fixed in a vertical position upon the field of
vision and the diameter parallel to the graduations on the microm-
cter measured. This gave the longest diameter of some eggs, the
shortest of others, or intermediate measurements between the two.
Clark (1925) tested this method and found it to be reliable. It
was used again by the same author (Clark, 193l;) and by Carbine.
(19LL) with excellent results. Although the eggs appeared equslly
turgid and well-formed both afier preservation and when examined
fresh, I do not know if any small shrinkage occurred because of
preservation. If any did occur, it could hardly have been an
appreciable amount. In any event, the relative values obtained
would keep their identity.

The first ovary analyzed was from a 12.6-inch (320 mm.) female
taken in the Carp Creek weir on June 16, 1947. The weight of this
female was 70 grams and the ovary weighed 13.50 grams or 19.2 per-~
cent of the weight of the specimen. Sections were removed from the
anterior, middle, and posterior thirds of the ovary. The eggs wers
teased out of the sections, a random sample of 500 eggs was obtained,
and these eggs were measured. A frequency diapram of these ova
measurements appears in Figure 2. For each section, the averagsa
diameter and range were as follows:

Anterior section -average: 0.87 mm., range: 0,35-1,10 rm.
Midsection -average: 0.90 mm., range: 0©.50-1,15 mm.
Posterior section-average: 0.82 mm., range: 0.35-1,15 mm.

It is apparent from these data that the ova in the midportion of the
ovary are slightly larger than those developing in the front and
back portions. The difference is so small, however, 0.03 millimeters
znd 0.08 millimeters, that no appreciable error is involved in the
other measurements and calculations made from midsections only.
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Jordan (1905) reported that "A. Mueller, in 1365, showed that
all of the ova in the lamprey were of the same size, and that
after spawning, no small reproductive bodies remained to be devel-
oped later.” It is not quite clear to which species he has refer-
ence. In the light of the examination of this and subsequent
specimens of the sea lamprey, this statement is in nsed of quali-
fication. Three categories of ova were present in the materzal
examined. First, there are the developing ova (reprasented by
the highest modes in Figure 2L). These are by far the most wmu~-
merous in the ovary and are the eggs which are destined to be
spawned very shortly. Second, there are ova of apparsntly retardiel
development which I term "partially developed ova® (these are
represented in Figure 2l by each low mode to the left of the high
ones representing the developing ova). The partially developad
ova are scattered throughout the ovary and differ from the larges
ones only in size and amount of contained yolk; the form appears
similar. Such eggs are present in variable numbers in all femaies
but are more commonly found in the smallest specimens and are
quite infrequent in the larger ones. The individual represented
in Figure 2l is believed to have contained the largest numbér cf
partially developed ova in thz entire series studied. It probably
represents the greatest proportion of this kind of eggs present irn
the females of an average spawning run. In examining femalss in
which the eggs had burst into the coelom, I found that some of
these retarded ova were extruded with the fully developed ones.
The majority, however., remained trapped in the remnants of the
ovary. Other experiments have shown that those retarded eggs that
are extruded with the mature ova can become fertilized but it is
not known if full development to hatched larvae cccurs. Ova in the
third category are microscepic in size, generally between ©,20 and
0.30 millimeters in diameter. They are variable in number in dif-
ferent females, but as a rule they are quite numerous aithough
their total number is always less than that of the more mature eggs.
These ova, unlike those of the other two categories, are translucent,
zontain little or no yolk, and are still firmly attached tc pediclas
in the gonad. Since they could readily be found only in the frayed
ovarian tissue of spent females, they do not enter into any of the
measurements or counts that were made. They were too small +o be
seen with the mignification used in making the counts arnd measure-
ments of the other two kinds of eggs. It seems logical to concluds
for the sea lamprey that mature ova develop at the expense of the
rztarded and undeveloped ones and/or that some mechanical Impeci--
mend sborts the development of the latter. I do not believe that
either of the latter categeories could be construed to repressat =
potential reserve stock that would enable the female to spawn zgsir
in the following year.

Jordan (1905) further states that "....the most carsful micro-
szopical examination of ovaries or testes has failed to revesl any
zvidence of new gonads or reproductive bodies." My preliminery
examinations seem to confirm this. Even if it should Be demonstrzted
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that the cvaries or testes of some spent sez “%»xm*prayo demtain
spermatogonia (and qr\c‘mtonfvfp ) or odgonia (and c¥eytes), the
presence of such. germ-cell gtagss need not mecessarily indicats
that these specimens would have lived to spawn in awother
season. Weiszel (1947) has showm the presence of thsse ge rm nellg
j.n. spent, lard-locked sockeye salmon (Oncorhynchus

exes, Individuzls of this speiies becones
spawn only once, dying very shortly thereafter. riae
that some factor. other than a pohential wpplv il g fulu
limits the spawning <f this Pacific salmon te z singie ssason,

In general, the developmental stagss of the ors found in the
sea lamprey are similar to those found in ¢ther fishes that spawn
during a single brief pericd, i.e., the maturing eggs constitute
a single size group mere or less discrete from the immature ovao
The sea lamprey, however, differs fundamentally from such fishes
in one respect. In females of these spscies that spawn in several
or many seasons, the immabture epggs gma“rq whnumber the maturing
eggs at the time of spawning {Carbine, 9!*4)‘ It is here demrn~
strated that in the sea lampreys studied, the maturing eggs oub-
numberad the undevelcvpr;d snes present. This fact, the zbsencs of
any germ-<2ll stages, and the nature of other physivlegical changes
at spawning I consider very strong evidence that the ses lamprzy
spawns but once and then diesg.

Ovur diameters wers obtained from seven additional specimens.
Six of these wers selected from the series available sco that one
cf the earliest and cne of the latest migramts and four migrants
taken on scattered intervening dates ware reprasented. Fur
uniformity these were selected +c fall within the rangs of 17.0
and 17.%5 inches (132 and 1S mm.) in fotal length., These fastors
only governed the selesticon of the specimens. A seventh specimsn
(No. S-41) of comparable length (16.lL inches. L17 mm.) taken cn
the spawning grounds, was chosen for examination since in this
female the bulk of the eggs had burst into the cozlom and presum-
ably represented fully mature eggs. The data for six specimens
are based on sample sechbions removed from the previously described
midregion of edch nvary. These samples were teased apar® and a
random sampie of 500 cova frowm each was measursd. For spe cimen
No. S=hl, a random sample of 500 ova was taken from the tobhal
rurber that were locse in the coziom. The dat . cbiained for all
seven specimens are presented in Table 3, and those for six of the
specimens {(including No. S -iL) are g:z"apm.ca,i.iy portrayed in
Figure 25.

Ova from the sarliiest spawning migrants entering & =tiream ar:
about 3/L of a millimeter in diameter (average: 0,75 mm.. ranges
0.40-0,85 wmm. }. Fully mature eggs average about 1,10 millimetsrs
in diameter and »ange from 0.8C to 1,25 millimeters. Migrants
sntering the stream on progressively later dates dsmonstrste pros
gressively more advanced stages of egg developmert (Tadle e Ih
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Jhendc be pointed out, however, that the smocth progression of
ireressing svevage cvum diamerers with later dates of vapture in
Table 3 i et Forhuitous.  In examinirg nearly a thoa-
sand fsmales. I found that many degrees of maturity wers repre--
sented smong the spesimens taken on a single day, partioularly
in midssacon. The mean walues listed in Table I are considered
to represent the average degree of egg development in famales
sptering the shream on the dates indicated.

In migrauts ewtering the stream in mid-April, 68,1 percent
f the dewelopmert of the ova had stilil to take place while the
female was 1a the stream (computed on the basis of the rslabtive
votmetote propertions of individual ova with the assumption that
they ars psrfeztly spherical). In females that entered the stream
from mid--dune until *he end of the run. the eggs were very nearly
fully devsicped, but nct so far along as to have burst into the
body cavity., In only a few of the late migraats, including the

iast ones taken in July, were any eggs found in the cosiom,

Io the frequsncy polygons presented in Figure 25 a wniform
horizontal scsle was wsed for all six projections. Thus the
relative degree of maturibty of the specimens examinea s apparent
in the progressive shifting of the freguency distribubtions from
1eft t5 right. Of particolar intsrvest is the greal soarelly of
partiaily devsloped eggs found in most of the samples represerted,

(=) Egg production

0f the 70 speaimens atilized to determine egg produsticn,
aetusl owmerical counts were made of the ova in 10 specimens.
These in:isded the largest (2i.1 inches, 536 mm.) and the small-
ezt {12.6 inches, 320 mm.) females in the series and elght of
interasdiate size. Pricr to making each of these counts, the
tokal velume ard the total weight of the ovary were cbiained. A
sampie section was removed from the middie of the length of the
arary and the volume and weight of the sample were likewise deter—
mired. Velwmes were secured by s systam of displacement of water
into a avlinder bearing 0.2 ec. graduations and wer< read to the
neavest G.1 ze. Weights were cbtained to the nearest 0.0l gram on
g rshemdoal

2l beiance., Bxoess moisture was removed as zonsisbtently
Cas possibls feom all ovaries =nd sections before any determinations
were made. Eggs in the sample sections were counted first and the
ketal produstion was compubed by direct preportion for both thsz
volumati: and the gravimetric dats. When the balance of the ova
had been countad, the caleulabed totals by both tzchnigues could

1 ed for ascuracy. 7This procadure was followed for zll fen

srecime
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There was really very little difference in the accuracy of the
two techniques (Appendix F, Table 1). By the volumetric technique
the calculated totals differed from the actual totals (numerical
counts) by amounts varying from 0.0 to 10.l percent. The mean
percentage error was plus 3.2 percent. By the gravimetric tech-
nique, deviations from actual totals varied from 0.0 to 9.7 per—-
cent with a mean percentage error of plus 2.5 percent. The mean
percentage errors of the two techniques are based on an algebraic
average of the individual percentage errors. Although in most
cases this statistic might produce an inaccurate result, it is
felt that in this instance its application is justified. A mean
error based on the algebraic sum of deviations expressed: in numbers
of eggs allows individual specimens (such as a small one of low egg
count) to influence the results unduly, i.e., a female, for exampls,
containing only 25,000 eggs and for which there is a plus or minus
1,000 egg deviation between calculated and actual totals has a
large percentage error. This latter statistic is a very real
measure of the efficiency of the calculating technique in that
particular case. However, an equal numerical deviation in a larger
and more productive specimen results in a much lower percentage
error. It follows, then, that if errors expressed in numbers of
ezes tend to remain more or less constant (as they may if there is
some small bias in the technique), too many small test specimens
or too many large test specimens in a series will undoubtedly
render too high or too low a nean error.

The preponderance of positive errors in calculating total egg
rroductlon suggests some small bias in the techniques or procedures
used. It i1s felt that the mean percentage error, as computed, pro-
vides “the best measure of any bias, if it exists, resulting from
some defect in the procedure. The mean percentage errors in this
study are so small, however, that they may very well fall within
the limits of chance occurrence. Consequently, the application of
any small correction factor to the calculated data on egg produc-
tion is not suggested.

The gravimetric method was utilized in calculating total egg
production for the remaining 60 specimens because, apparently, the
smaliest error was involved in this technique and because the
laboratory procedure is more rapid by this method. Data on size,
welpht, and egg production were tabulated in order of increasing
total length of specimens (Appendix F, Teble 2). Where there was
mere than one specimen of a given length, these were listed in
order of increasing egg production. These data have been plottied
upon bwo graphs to illustrate the relationship between egg produc-~
tion and total length (Figure 26) and between egg production and

weight (Figure 27).

The first property evident in these figures is that the number
of eggs produced by the sea lamprey varies greatly at any particu-
iar length or welght. Mean egg production was computed by one-inch
size groups and by 50-gram weight groups and these values were
plctted upon the respective graphs. The curves appearing in
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Figures 26 and 27 have been fitted by inspection to these mean val-
ues. The number of eggs produced increases quite rapidly with increase
in total length; however, with increasing weight egg production is
more directly proportional. The lowest egg production recorded,
2);,021 eggs, was found in a 12.6-inch (320 mm.) female weighing

70 grams. The greatest recorded, 107,138 eggs, was found in a
21,1-inch (536 mm.) female weighing 316 grams. Using values
obtained from the curve projected in Figure 26, we find that the
mean egg production for females of average length (17.l inches,

12 mm.) is 61,500 eggs. Mean egg production data, as estimated
from the curve in Figure 26, for successive one-inch size groups are
1isted in Table l; with the mean deviation for each of the groups.

(d) Percentage of unspawned eggs

The egg production determined for the sea lamprey in the pre-
ceding section represents the basic reproductive potential of the
species in the region studied. This potential is obviously never
realized in nature. Many factors inherent in the organism ltself
and in its environment tend to nullify the potential, and the
actual productivity of the species may be very low when these
factors are considered. A preliminary experiment in the number of
ammocoetes (larvae) produced per spawning female suggests that the
larval hatch per number of eggs produced (and spawned) is quite
small.

One of the inherent factors which may contribute to a low
productivity is the percentage of ripe eggs remaining in the female
after the spawning act is completed, i.e., the number of unspawned
eggs. Forty spent females were collected to determine this per-
centage. In order to avoid any doubt as to whether they had com-
pleted as much of their spawning act as they were destined %o,
only dead (30) or obviously dying (10) specimens were collected.
Most collections were made in the deeper pools below spawning
riffles or in sloughs into which the dying lampreys had drifted.
The females obtained ranged from 11.8 inches (300 mm.) to 18.1
inches (460 mm.) in total length.

For ten specimens, separate counts were made of the partially
developed and fully developed eggs. For the remainder, only the
fully dewéloped eggs were counted (Appendix F, Table 3). The
partially developed eggs were, as a rule, still trapped in. the
remnants of the ovary. Some fully developed eggs were found in like
position, but when larger numbers of these were present, by far the
bulk of them were loose in the coelom. The potential egg production
nf each female was determined from the curve projected in Tigure 26,
Using this figure and the number of developed eggs retained in
females, the estimated percentage of unspawned eggs was computed
{Appendix F, Table 3). The partially developed eggs were not con-
sidered in estimating this percentage since their occurrence is
variable with the length of the fish. They are present in nominal
numbers only in all but the very smallest size groups.
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Table 4, Estimated mean egg production by one-inch size groups as deter-
mined from the curve projected in Pigure 26 and mean deviation for each of
these groups.

Midpoint of

m@ g;;.i;;ﬁon i::nmtion
12.5 34,000 L
13.5 38,700 4, ukg
14.5 43, 800 7,805
15.5 kg, 300 8,960
16.5 55, 200 7,287
17.5 62, 200 8, 541
18.5 70, 600 10, 560
19.5 81,900 9,896
20.5 94, 800 6,853
21.5 110,300 L

\]/ Too few specimens to warrant computation.



As a general rule, only a very small percentage of developed
(mature) eggs remain unspawned; the estimated average percentage
was 5.00 percent. Among the specimens there are, however, several
notable exceptions. For two individuals, the estimated percentages
of unspawned eggs were 28.6 and 37.2. Two others were identical
in having an estvimated 19.l; percent of their eggs unspawned. All
the females displaying a relatively high percentage of unspawned
eggs were late migrants, appearing at the very end of the spawning
season. Observations made upon late migrants of both sexes indi~
cate a very low vitality at that time. I suspect that these speci-
mens examined which contained a large number of unspawned eggs
were unable to complete their spawning act before approaching
death made them incapable of doing so. In view of this, the averags
percentage of 5.00 unspawned eggs is believed to represent the
maximum average that occurs; indications are that this average
would be lower if computed for specimens found spent nearer the
beginning of the spawning season.

V. Spawning habits and spawning requirements

of the sea lamprey

The date upon which the following discussions are based were
collected exclusively in the Ocqueoc River watershed between April
29 and July 3, 1947, and April 11 and August 10, 1948, when the
spawning run of sea lampreys in each year was observed. In 1947,
the beginning, peak, and conclusion of spawning activity were
cbserved, and a survey ofthe physical characteristics and intensity
of spawning in each area of the river was made; spawning behavior,
spawning sites, and nest construction were likewise studied.

In 1948, the onset, peak and cessation of spawning were agsin
observed in detail in selected areas of the river. Regular visits
were made to these sites so that all degrees of spawning activity
zould be noted and compared with related envirommental conditions.
Further observations on the spawning behavior of the sea lamprey
were made in this year. :

Daily records of air and water temperature, water level, and
weather were obtained in both years so that the effect of thess
factors upon the spawning and other activities of the sea lamprey
rould be determined (described for 1947 in Section IV and in
Appendix C, and for 1948 in Appendix G, Table 3).

Physical characteristics of the Ocqueoc River watershed

The geographic location and a generalized description of the
Ocqueoc River are given in Section IV. Briefly, this river drains
in a northerly direction to Ocqueoc Lske and thence easterly inte
Hammond Bay of Lake Huron (Figure 28). It reportedly embraces 89
miles of watercourse (determined on large scale maps with a
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map measurer)£7 A sizable portion of this area is occupied by inter-
mittent tributaries, many of which flow only during a short period

in the spring. From the standpoint of physical characteristics,

the river is divided, rather sharply, into three zones (Figure 28},
each representing aboul one-~third of the watershed. These zones

form the basis of subsequent discussions relating to the spawning
behavior of the sea lamprey. A description of each zone, beginning
at the headwaters of the river and working downstream to the

estuary follows.

Zone 3.-—(Stations 3A-31, Figure 28) The river rises in Marl
Bed Lake (T33N, RLE, S.28) and from a chain of lakes and marshes
in T33 and 34N, RL2E, which are scattered over 25 square miles of
an irregular, sandy drift area (Leverett, 1912). Both main chammel
and tributaries, except where lakes interrupt the course, flow
almost continuously through wide, open marshes, bog meadows, or
cedar swamps. In this, the upper third of the river where the main
channel travels approximately 8.5 miles, the width of the stream
varies from li (Station 3I) to 30 feet (Station 3H) and the depth
from 12 to 36 inches. The bottom is predominantly muck or silts -
the velocity of flow is seldom more than sluggish and occasionaliy
in the main chammel it was barely discernible (Station 3H). All
tributaries examined were essentially of the same-nature (Appendix G,
Table 1). No channel velocity measurements were made.

The character of the river and its watershed alters rather
abruptly in the neighborhood of an old, cement dam (head: 18 inches)
located just upstream from the crossing of County Highway 638.

This point delimits Zone 3 from Zone 2, next downstream.

Zone 2.——(Stations 2A-2I, Figure 28) Zone 2, the midportion
of the watershed, extends from the aforementioned cement dam
(Station 2I) downstream to the Ocqueoc Falls through boulder-clay
plains (Leverett, 1912)., Between these points, the main chamnel
runs about 7.7 miles. Al nine survey stations the river ranged
from 18 to 50 feet in width and from 5 to 12 inches in depth. Pools
were infrequent and, where present, seldom more than 2l inches deep.
The gradient is greater in this zone than elsewhere in the river
and the mean channel velocity was generally moderate, varying from
2.5 to 3.1 feet per second. Bottom types in the lower half of this
zons (Stations 24-2E) are composed predominantly of a mixture of
boulders, rubble, and coarse gravel distributed more or less uni--
formly in both riffles and shallow pools. Limestone outcroppings
near Station 2C produce several low falls (12 to 2l inches). Shai-
low riffle areas 25 to 100 yards long in which the current. is
quite rapid are common in this area. Most of the remainder of the

éymhin stream: 13 miles (?); tributary streams: 76 miles (7);
estimated drainage area: 160 sq, miles. (from) Brown, C. J. D.,
19LL, Michigan streams--their lengths, distribution and drainage
areas. Mich. Dept. Cons., Inst. Fish. Res., Misc. Publ. No. 1,
July, 194k,
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zone 1s characterized by small rubble and gravel except for the
area just west of Millersburg. Here, from an old dam located one-
half mile below Station 2F, upstream for 1.2 miles, the stream
"1s slow or sluggish and the bottom is sandy or silted. The
watershed is wooded, or, in the neighborhood of Millersburg,
composed of farmland and pasture (Appendix G, Table 2).

One small, permanent tributary (a'spring feeder),IIndiah .
Creek, enters the river from the southeast near Station 2A. This
creek has a uniformly sandy bottom.

Zone 1.—(Stations 1A-1M, Figure 28) At the foot of the pre-
viously described zone, the river drops over the broken spillway
of an old mill dam, 3 feet high, and over two limestone outcrops,
6.0 and L4.5 feet high. The latter are called the Ocqueos Falls.
Below these falls, the character of the river changes again as it
flows for 8.8 miles to its mouth through clay and sandy lake bed’
formations. At thirteen survey stations in this zone, the river
ranged from 28 to 50 feet in width and from 15 to 29 inches in

" depth. It meanders broadly in this zone and deep pools alternates

regularly with short riffle areas. Pool depths varied from 24 to
11l inches (9.5 feet). The gradient is somewhat less stesp here
than in Zone 2 and the mean chamnel velocity varied from slow to
moderate ranging from 2.0 to 3.5 feet per second with current
velocities in pools being considerably less than 2.0 feet per
second. Bottom types were predominantly sand or sand and gravel,
the ratio between the two varying in different areas within the
zone (Appendix G, Table 1). Gravel riffles were characteristic
of the first mile of stream bed below Ocqueoc Falls; thereafter,
this bottom type became less and less common being almost entirely
supplanted for long distances by sand or sand and clay (Stations
1F-1J and 1G-1D). Exposures of clay frequently formed the bed

of the stream in the latter areas. Deeper pools had silt or sand
bottoms while most shallow pools had bottoms of sand; rubbie, and
gravel except in predominantly sandy areas.

Snags and waterlogged cut timber are abundant in all parts
of the river in the lower two-thirds of this zone (Stations 14-1J).
0ld sawlogs lie like jackstraws in many of the deeper poocls. Ba~
tween Stations 1E and 1K, there are about a dozen siream impr:ve-
ment devices in various stages of decay which still produce riffle
areas.

Therwatershéd'in Zone 1 is a rather densely wooded bottomland
with high, steep banks in the upstream half of the region arnd
iower, though no less open banks, in the domstream half.

The river is interrupted in its third mile upstream from the
estuary by Ocqueoc Lake which is 132 acres in extent. This lake is
narrow and about one mile long-—the river enters at one extremity
and flows out at the other.
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Three permanent tributaries (other than spring feeders) enter
the river in this zone: The Little Ocqueoc River, Silver Creek,
and QOrchard Lake Outlet.

Physical and chemical properties common to all zones at the
time of the nesting survey in 1947 were observed as follow. The
river was approximately at its mean level or volume of flow for
the season (128 cubic feet per second at Station 1B); the color of
the water was light brown; the water was clear. Differences found
in the chemical quality of the water were small among the several
stations in Zones 1 and 2 (Appendix G, Table 2). Dissolved oxygen
varied from 7.1 to 8.5 p.p.m., no free carbon dioxide was present.
The water was hard; phenolphthalein alkalinity ranged from 1.0 to
1.5 and methyl orange alkalinity from 106 to 13L (p.p.m. expressed
as OaCO3). The only pollution known to enter the river was derived
from scattered cattle watering points, street drainage from the
village of Millersburg (Stations 2F-2G), and septic tank overflow
from the Ocqueoc Lake Group Camp (Station 1B).

Simultaneous readings of water temperatures by two observers
at different stations indicated that an irregular temperature
gradient existed in the river. The headwaters (and Zone 3) were
warmer than elsewhere in the watershed. For Station 2I, the water
temperature averaged 3.0 degrees F. warmer than Station 1B. In
Zone 1, above Ocqueoc Lake, the water was the coolest. At stations
2A-2B, the temperature averaged 2.0 degrees F. colder than at
Station 1B. This cooling of the water in the upper portion of
Zone 1 is due to the presence of numerous spring feeders in that
area and to the spring fed tributaries, the Iittle Ocqueoc River
and Silver Creek. Warming of the water at Station 1B, below
Ocqueoc Lake, is probably the result of its passage through that
body of water.

~ Duration of the spawning season

The spawning of the sea lamprey, like that of many fishes, is
strongly influenced by water temperature. In the Ocqueoc River,
spawning activity commenced at mean daily water temperatures of
52,5 to 53.0 degrees F. at a time when daily fluctuations remained
about 50 degrees F. The peak of spawning activity occurred when
mean daily temperatures rose above 58.0 degrees F. to 60.0 degrees
F. and when, at the same time, daily fluctuations seldom dropped
severely below 60 degrees F. Spawning occurred among late migrants
at mean daily temperatures as high as 76 degrees F. with daily
fluctuations to 78 degrees F. Rapid drops in water temperature, up
to and during the peak of spawning activity, caused very noticeable
declines in both nest building and spawning. Following the peak,
fluctuations above the 60-degree level had no perceptible effects
upon spawning activity.



Fluctuations in water level and volume of flow and the pre-
sence of some turbidity with rising waters had no evident influence
upon sea lamprey spawning except insofar as they were related to
changes in wabter temperature.

The weather in successive years varies so greatly, with conse-
quent effects upon stream conditions, that the assignment of the
spawning season to calendar periods is an unreliable procedure.

In general, however, sea lamprey spawning in the Ocqueoc River may
begin as early as the last week in May and continue until the last
week in July. The peak of spawning activity evidently occurs some-
time during the first three weeks in June and usually lasts about
two weeks.

In 1947, the first sea lamprey nest was constructed on the
nicht of June 3-l about one-~half of a mile below Ocqueoc Falls
(Station 11~1M; 8.8 miles above mouth). The mean water temperature
during this period was 53.0 degrees F. (range: 50-55 degrees F.).
Forty-eight hours later, when the mean daily water temperature had
risen to 56.0 degrees F., 28 nests had been built in an area 750
feet long which included the first nest. The peak of spawning
activity in the 0.5-mile stretch immediately below the Ocqueoc Falls
{Station 1L~1M) occurred between June 16 and 23 when the mean daily
water temperatures ranged between 58.0 and 67.0 degrees F. and the

daily fluctuations seldom fell below 60 degrees F. Sustained drops
below the 60-degree level brought corresponding declines in nest
building and spawning activity. By July 3, spawning activity in
this area was virtually concluded; only 21 spawning or spent sea
lampreys were found in the river between Stations 1L and 1M on this
date.

In Zone 2, the peak of spawning activity followed that below
the falls in Zone 1, by about five days. On June 25, neither spavmn-
ing nor spent sea lampreys could be found in this area.

On June 25, spawning activity was first noticed below Ocqueoc
Lake (Stations 1A-1B). It continued sporadically there until July
19 when the last spawning pair was observed (mean daily water tem-
peratures, June 25-July 19: 66 to 73.0 degrees F.).

In 1948, all areas of the river were watched closely for the
beginning of spawning and after that was observed, spawning activ-
ity was fcllowed closely in six sample areas distributed throughout
Zones l and 2 ,

The spring of 19L8 was warmer and earlier than in 1947. The
first nest was. constructed on May 22 in precisely the same riffle,
a short distance below Ocqueoc Falls, on which the first nest built
in 1947 was found. The mean daily water temperature on this date
- was 53.0 degrees F. (range: ©51-55 degrees F.). On May 2L, in a
750-foot reach below Ocqueoc Falls, 1l nests had been started and
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in two of these nests spawning had been completed. On May 26,
construction had been started on, or spawning had been com~
pleted in, 35 nests in this area. The mean daily water tem-
perature on this date had risen to 55.0 degrees I, (ranpe: ©2-52
degrees F.). Iurther temperature rise was accompanied by two
waves of spawning activity in the 0.5-mile portion from Stations
1%, to 111; one was between June 1 and 5 and the other between

June 10 and 16 when the mean daily water temperatures rose to

and varied between 60.5 and 66.5 degrees F. and when daily fluctuz—
tions seldom dropped below 60 degrees F. The decline in nest
building and spawning activity between June 6 and 9 accompanied

a recesslon in water temperatures from the initially high temper-
atures of the period, June 1 to 5. The last spawning activity
observed in this area was on July 5 when eight spawning or spent
sea lampreys were observed between Stations 1L and IM. The mean
daily water temperature on this date was 70.0 degrees F.

Spawning activity, which commenced just below Ocqueoc Falls,
was restricted until June 1 to a 0.5-mile area (Stations 1I~117)
immediately below the falls. On that date nest construction
began at Stations 1E and 1K in the lower reaches of the zone.
Peak activity at these stations followed that in the area imme-
diately below the falls by an appropriate period, as in the pre-
vious year.

On June 5, spawning activity commenced more or less uniformly
throuzhout Zone 2 above the Ocqueoc Falls (Stations 24, E, E,
and I). At this time, mean daily water temperatures were 66.0
degrees F. or higher. The peak of spawning activity occurred
between June 8 and 15 and had ceased entirely in Zone 2 by June 22,

Again, as in 1917, belated spawming activity took place below
Ocquecc Lake (Stations 1A-1B). Tirst spawning was observed here
(Station 1B) on June 16; thereafter, it continued erratically
antil July 28 when two pairs, the last seen in this season, spawmed.
lean daily water temperatures during this period varied from 63.0
to 75.0 degrees T.

A griphic comparison of the duration and intensity of sea
lamprey spavwning in 1948 below Ocqueoc Lake (Station 1B), below
‘the Ocqueoc Falls (Stations 1l1-1M), and at the head of Zone 2
(Staticn 2I) is presented in Figure 29. Mean daily water temper-
atures have been plotted in this fipure to show their variaticn
in relation to the onset and initial increase in the intensity
of spawning activity.
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Pattern and extent of spawning activity and its

relation to certain stream characteristics

In 1947, 5,66l completed sea lamprey nests were counted in
the Ocqueoc River. Of these, 2,768 or 48.9 percent were found
between the mouth of the river and the Ocqueoc Falls (Zone 1),
and 133 or 2.3 percent were found in Silver Creek and the Little
Gcqueoc River, tributaries of the main stream in this zone. In
Zone 2, above the Ocqueoc Falls, 2,763 or L8.8 percent of the.
total were present. No spawning activity occurred in Zone 3
(Table 5). It is estimated from these figures, with due consi-
deration for the spawning habits of the species, that between
10,000 and 11,000 sea lampreys spawned in the Ocqueoc River in

1947,

On the basis of a comparison of sample areas, it is con-
cluded that the distribution of spawning activity in 1948 was
essentially the same although there is some evidence that the
run was larger in this year than in 1947. A comparison of sample
stations follows:

Number of completed nests

Station .

(and lengbth of station) 1947 1948
(Below Ocqueoc Falls) cee aos
Station 1B (1,500 feet) 671/ 169
Station 1E (200 feet) 202/ 97
Station 1L-1M (2,640 feet) 2,1633/ 1,483 plus
(Above Ocqueoc Falls) oee soe
Station 2E (700 feet) G2 58%
Station 2H (1,200 feet) o 7 95

Station 2I (LOO feet) 68w 633

#Spawning activity in area completed.
l/giunt.on July 3, 1947.
2/Count on June 20, 19L7.
3/Count on June 28, 19L7.
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Spawning populations in Zone 2 (above Ocqueoc Falls) were
slightly reduced from those present in 1947. I attribute this
to lower water levels in 1948 which rendered the Ocqueoc Falls
impassable to the sea lampreys at an earlier date. However, an
increase, disproportionate to the decline noted above, was ob—
served in spawning activity below the falls. Nesting sites
below the falls became so overcrowded that after June 8, when
1,483 nests were counted between Stations 1L and 1M, further
counts of the nests in this area could no longer be made accur-
ately. Other areas in the zone displayed an appreciable increase
in spawning activity over the 1947 season.,

In the various areas in Zone 1 (from the estuary to Ocqueoc
' Falls), the amount of sea lamprey spawning activity in a given
area was directly proportional to the amount of gravel, in riffle
areas or otherwise, that was present. As will be subsequently
demonstrated, gravel or gravel and small.rubble are essential
for sea lamprey nest construction and without these particular
elements (or some suitable substitute) nest construction and
spawning do not take place. Between Stations 1L and 1M, imme-
diately below the falls, the stream is characterized by short
graveled riffles alternating with deep pools. Bottom types in
general are gravels of assorted sizes except the deeper pools
which are silted or sandy. The heaviest spawning concentration
'in the zone (and in the river, for that matter) occurred in this
O.5-mile area. Actually, 78.1 percent of the spawning activity
in Zone 1 occurred here. (Table 5, Figure 28, and Appendix G,
Table 1.)

Downstream from this area gravel bottom types disappear
rapidly, giving way to sand, and sea lamprey spawning activity
decreased accordingly. Between Stations 1F to 1J (1.9 miles)
the bottom type was almost exclusively sand and the 12 sea
lamprey nests found there in 1947 were limited to about eight
small patches of gravel primarily located at, or near, old stream
improvement devices. A recurrence of scattered gravel riffles
and isolated gravel bars in the lower reaches of the zone above
Ocqueoc Lake (Stations 1C-1E) was accompanied by a complete
utilization of these areas by spawning sea lampreys.

Seventy percent of the spawning below Ocqueoc Lake (Stations
1A-1B) took place in a 900-foot area immediately below the cutlet
of the lake. This area is characterized by riffles with bottom
types of gravel, mussel shells, and sand. The balance of the
spawning between this area and the estuary took place on the
patches of gravel which infrequently replaced the generally sandy
bottom.

Spawning in the tributary, Silver Creek, was limited to
small patches of gravel at, and between, Stations }B and LC.
These gravelly spots were located at highway crossings and were
the result of erosion of the road grade. Spawning in the Little
Ocqueoc River was limited to a 200-yard area of gravel riffles
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Table 5, ZIxtent of sea la:prey spamnius activity in tTe Cequeoc River watershed in 1347 by zones and areas as
deterained by counts rmde of copleted nests present after the nealr of spawnin~ activity,

Total nests
Approximate for area, Percentage
Area distance Tuber areas, of total
Zone (that between stations liste in miles of nests or gone nests
1 1A-13 2,0 67
Qcqueoc Iaie 1,0 st Y 2o
1 12-1D 1.0 81
1D0-1E 0.8 131
1E-1F 0.7 78
1r-16 0.3 0
16-1Z 0.5 9
1B-11 0.7 0
11-.W 0.4 3
-1k 0.6 122
1K-1L 0.3 114
1I.1M 0.5 2,163
Ocqueoc Falls “ee ore
(1A~ (8,%) s 2,768 48.9
1 Little Ocqueoc River
(7rivutaries) 11-54 1.0 124
*Undergroumnd* vee see
5A=5D 3.7 0
Silver Creek
Ooqueoc River-Hi 1.7 0
4A-43 2.2 o
4BU4C 1.4 9
LT 2,5 0
{Zritutaries) (12,5) P 133 2,3
2 Ocqueoc Falls-24 0.3 o]
2A-2B 0.3 94
ZB-2C 1.0 5’3
20-20 0.8
- 0,8 4o1
Z-2r 1.2 340
=20 0.5 60
20.28 0.5 0
2821 2.2 388
21-Dan 0.1 68
s=21: (7.7) a4 2,763 hg.B
3 3A=31 {¥o spaning activity)

Totals 5, 664 100.0




at Station 5A. - Passage upstream, beyond" this point, is denied
the sea lamprey by an area where the river disappears under—
ground. Here ii percolates through the sub~surface limestone
formations for several hundred yards, reforming at the surface
by the union of mumerous, small, spring-like feeders.  Downstream
from the graveled area at 5A, the river has a sand, or sand and
clay bottom net utilized for spawning.

Bottom types in Zone 2 were predominantly rock, rubble, and
gravel and this combination occurred more or less uniformly
throughout the zone varying only, from place to place » in their
relative proportions to each other. Sea lamprey spawning activity
was more or less uniformly distributed throughout this zone
(Table 5, Figure 28, and Appendix G, Table 2). Within it, spawn-
ing activity did not take place in the sandy-bottomed area ex~
tending from one-half mile below Station 2F to Station 2G nor did
it occur in those areas, occasionally intermediate between riffles,
which were characterized by bottom types of boulders and large
rubble imbedded in silt and/or clay. The farthest point upstream
utilized by the sea lampreys for spawning occurred at the head
of this zone at Station 2I. This locality is 16.5 stream-miles -
from the mouth of the river,

No spawning occurred in either year in Zone 3. The stream
bed in this zone is predominantly covered with muck or silt.

. Changes in the geographical pattern of spawning activity
during the spawning season were consistent for both Years. Spawn-
ing occurred initially in the area immediately below QOcqueoc Falls
(Zone 1, Stations 1L to 1M) and reached its peak there earlier
than anywhere else in the river. Six to ten days after the begin-
ning of spawning in the aforementioned area, spawning activity
spread rapidly in a progressive fashion downriver as far as
Ocqueoc Lake (Stations 1L to 1C). Peak spawming activity in each
area, progressing downstream, was proportionately later than that
peak which occurred just below the falls.

In Zone 2, spawning activity commenced uniformly over the
entire zone 5 to 12 days later than in the area immediately below
Ocqueoc Falls, although water temperatures were consistently
higher than in Zone 1. I attribute this to generally less suit-
able spawning facilities which resulted in a delay on the part
of the migrants entering this zone in selecting an acceptable
place for nest construction. This delay lasted until an increas—
ing urge to spawn forced them to accept what were evidently sub-
optimum nest~building conditions. As it will be shown in a later
discussicn; the shallow, rock—~ and rubble-strewn riffles char-
acteristic of Zone 2, offer acceptable, although not eminently
suitable, sea lamprey nest-building sites.
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The duration of spawning activity was very brief in Zone 2,
lasting from 9 (19L7) to 17 (1948) days. This brevity is attri-
buted to several factors: (1) The spawning run in this zone
appears to be composed of early migrants which seem to seek the
farthest reaches of the watershed for spawning. Their greater vi-
tality, and high and favorable water levels at the Ocqueoc Falls,
facilitate their passage over this obstruction; (2) Later migrants,
which might prolong the spawning activity in this zone, are denied
access to it by their decreased vitality and increasingly less
favorable water levels for passage over the falls. This may, in
part, account for the prolonged spawning season and overcrowding of
nesting sites immediately below the falls in the last third of the
spawning season; (3) The sea lampreys present in Zone 2, having
delayed their spawning activity at suitable spawning temperatures
while searching for optimum nesting sites, which did not exist,
were compelled (by an increasing urge to spawn) to build their nests
and spawn in the briefest possible period.

The appearance, late in the season, of spawning sea lampreys
below Ocqueoc Lake has been noted previously. This shift of
spawning activity to the lowermost reaches of the river concludes
the spawning season. Spawning areas here are scattered and poor
and the occurrence of such activity is attributed to migrants,
which, being unable to locate the inlet of Ocqueoc Lake, eventually
Wdrop downstream (through the outlet) in order to spawn. Further-
more, some late migrants of low vitality may elect to spawn here
without attempting to travel further.

Spawning habits and behavior

(1) Pre-spawning behavior

~

As has been observed in a previous section, adult sea lampreys
of both sexes are present in the watershed in the spawning areas
for as much as six to eight weeks prior to any attempt on their
part to initiate spawning activity. Anatomical studies and the
absence of external secondary sexual structures indicate that
thesé early migrants are much less mature sexually than later
migrants and evidently must complete the maturation process while
in the spawning stream. Later migrants displayed more advanced
stages of maturity on entry into the stream. Individuals attain-
ing the nesting areas during and after the peak of spawning acitiv—-
ity commence their nest building and spawning in a very short pericd
of time.

The first evidence of spawning activity on the part of either
sex is the construction of a nest in which the fertilized eggs
will be deposited. This is done by clearing the gravel, rubble,
and small stones from a more or less circular area and by depositing
them in a crescentic ring about the downstream margin of the clear-
ing (Figure 30 to 38). Occasionally, gravel or stones are moved
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upstream so that in some cases, the nest has a crater-like appear-
ance. Fach pebble or store is moved singly by picking it up with
the oral sucker. OCreat persistence is shown on occasion where

an unwanted stone is firmly imbedded in the bottom. A sea lamprey
will return time after time to such a stone and tug at it until
eventually it may be dislodged. Very large stones are occasiocn-
ally moved out of the cenmtér of the nest area by dragging them
along the bottom with the aid of the current. The largest stone

I have seen moved measured about L by 5 by 5 1/2 inches and was
dragged about 2.5 feet from the center of a nest area by a 17-inch,
male sea lamprey.

The total amounts of material moved by a pair of sea lampreys
during nest-building and spawning seem extraordirary. All dis-
lodged materisls from three nests in Zone 1 in which spawning had
been completed were carefully collected and weighed. 1In the three
nests, 13.2 pounds, 18,0 pounds, and 23.5 pounds of small and
large gravel and stones had been moved respectively by each of
three pairs of spawners. ‘

Nest construction is usually begun by the male. ZEarly in
the season the male may work for Li8 to 72 hours on a nest before
being joined by the female. In this time, a major portion of the
nest's construction has usually been completed, and further
alaboration by both sexes may only occur in the interval between
spawning acts. About the middle of the spawning season, the male
is frequently joined by the female shortly after the nest has
been started and both contribute to the building done prior to
spawning. Toward the end of the spawning season, when females
frequently appear to be numerically dominant on some spawning
beds, nest construction may be initiated by them.

Within acceptable spawning areas, some selectivity is ex-
hibited by male sea lampreys in establishing a nesting site.
Males frequently begin several nests in trial locations before
settling on a final locus. Abortive or trial nests vary from
mere clearings of a dozen or more pieces of large gravel toc
structures about one-quarter completed. This selective behavior-
ism is generally observable only during the earliest part of the
nesting period or in areas where spawning facilities are not
crowded. Later migrants readily occupy many of these trial nest-
ing sites and elaborate them into completed nests.

Prior to the begimning of the actual spawning process, sec~
ondary sexual characteristics develop among both sexes which aid
in the identification of the sexes upon the spawning beds. Among
the males a very pronounced, median, rope-like ridge gradually
appears on the back. This prominence, when complete, extends
from the branchial region to the anterior edge of the first
dorsal fin. Females lack such a dorsal elevation but develop
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The spamning act of the sea lamprey has been more or less
elsborately described by Surface (1899), Hussakof (1912),
Coventry (1922), and Gage (1928). The following description
agrees in general, but not always in detail, with the statements
of these workers. Briefly, my observations show that the act
is accomplished in the following manner: The female orients her—
self in the bottom of the nest and anchors fimly with her oral
disc to a stone or larger piece of gravel lodged in the anterior
floor of the nest or to a similar object which has been placed
in the upstream margin of the nest during its construction. The
male approaches the female generally along the long axis of her
body which ig parallel to the current. In doing so, he fre-
quently runs his mouth lightly over the anterior half of her
body until the branchial zone is reached. At this point the
male fastens himself firmly to the female with his mouth. Almost
immediately he wraps the posterior third of his body in an abrupt
half-spiral about that of the female so that their vents are
approximated (Figures 30-31). The extrusion of the eggs and milt
is preceded and accompanied by a very rapid vibration of the
bodies of both individuals for 2 to 5 seconds. Following that,
the male releases the female immediately.

The fertilized eggs are carried by the current into the face
of the downstream rim of the nest where the majority of them
lodge in the interstices of the gravel rim that has been built
there. Very shortly after the spawning act, one or both of the
sexes anchor again to a rock near the head of the nest. With
violent body vibrations, they stir up a small cloud of sand
from the bottom of the nest which, like the eggs, is filtered by
the current into the spaces in the gravel and stone nest-rim and
which imbeds' the eggs in place. Reportedly, 20 to L0 eggs are
extruded during each act (Surface, 1899). My observations tend
to confirm this, although I never found a satisfactory way of
checking the accuracy with some mechanical device. Thereafter,
both male and female move about, adding more gravel or stone to
the downstream rim of the nest structure. This latter activity
may occur between each spawning act or between groups of two or
three successive spawning acts.

The interval between spawning acts usually varies from one
to five minutes through most of the spawning activity. When both
nmale and female are nearly spent, this interval may last ten min-
utes or longer.

The duration of spawning by a pair (or other spawning combina-
tions) may be from 16 hours to three and one-half days. The
latter interval was displayed by one pair of very early spawners
in 1947. During the peak of spawning activity in the river, all
combinations whose activities were followed closely completed their
spawning in approximately 36 to L8 hours. ILate in the season,
during the month of July, three pairs observed at Station 1B
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Figure 30.--Male and female sea lampreys at moment of extrusion of
eggs and milt., Note small cloud of sand grains behind
the pair which have been stirred uply the vibration of
their bodies during the act. (Ocqueoc River, Stations
2L-M, June 9, 1948.)

Figure 31.--Male and female sea lampreys in spawning act. Note how
the tail of the male is locked about the body of the
female. (Ocqueoc River, Stations 2L-M, June 9, 1548,)
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(Figure 28) (below Ocquecc Lake) completed their spawning in
approximately 16, 19, and 20 hours respectively as determined
by placing hardware cloth fences around the nests.

The lccation of the eggs deposited in the nest and those

" lodging in surrounding areas was determined by carefully dis-
secting, stone by stone, a series of ten nests in which spawne
ing had been completed. Dislodged eggs were caught in a stream-
bottom sampler and the relative proportions in different layers
and different areas of the nests were estimated therefrom.

The distribution of the eggs found in these nests was
logical considering the spawning position, spawning act, and the
action of the water current passing through and over the nest.

In all nests examined, the bulk of the developing eggs was found
in a spindle-shaped layer (in both vertical and horizontal dimen-
sions) in the upstream face of the crescentic, downstream margin
of the nest. Here they were mixed with fine and coarse sand
which filled the interstices among the pieces of gravel and stone.
Superimposed upon this egg-bearing stratum was a 2- to 5-inch
layer of medium and coarse gravel among which few eggs or sand
grains were present. The water percolated freely through this
layer. It was fourd that among the eggs first deposited by a
spawning pair, some were buried as deep as 8.5 inches beneath the
highest point of the nest rim. The egg-bearing stratum itself,
varied from 2 to L inches at its maximum thickness (Figure 32a, b).
In the lateral plane, the eggs were most commonly distribyted
over an area equivalent in breadth to the downstream gquadrant of
the nest (Figure 32c). _ .

Irn an area of moderate current, with a generally gravel
bettom type, a few eggs were found lodged in the gravel just
past the crescentic rim of the nest. QOccasional eggs were lodged
among the gravel of the stream bed directly behind the nest for
a distance of three to four feet (Figure 32a). In generally
sandy areas, where the reverse slope of the nest rim (downstream
side) was predominantly sand, eggs carried over the rim of the
nest by the current had nowhere to lodge and I observed that
these eggs generally were carried by the current into deeper and
ususlly silted areas (Figure 32b). I believe that there is a
high mortality among these eggs due to their being exposed to
predation by small fishes and other organisms and, ultimately,
te their being smothered by silt depositicn.

(3) Nest construction

The manner and form of sea lamprey nest construction in the
Gequeoc River varied with the area in the watershed selected for
spawning, with the bottom types that were present, and with spe-
cific locations within the stream (i.e., particular nest-building
site selected).
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(Zone 1)

In Zone 1 (see Figure 28), the general tyne of nest built
was one of various size gravels in riffles, bars, and flat beds,
or on scattered patches of gravel (Figure 33)., Ultimately, all
available graveled locations of every description in this zone
were completedly used, although certain types of locations were
more suitable for nest construction than were others. In a O.Lh-mile
area between Stations 1L and 1M, the specific sites of 1,820 nests
present were determined., Of this total, 1,043 nests were built on
ten long, gravel riffles totaling 1,070 feet of linear stream
distance (range in length of individual riffles; 35-500 feet);
L3l nests were constructed on isolated, large, transverse gravel
bars and short riffle areas; 120 nests were made on scattered,
small, transverse bars; 60 nests were built at the upstream or
downstream margins of pools or in the deeper areas intermediate
between isolated bars or riffle areas; 63 nests were located on
linear (parallel to current) graveled areas and 60, on scattered
patches or pockets of gravel. These last two types of sites were
in generally sandy-bottomed areas of the river. Of the remainder,
3l nests were constructed on flat and ridged gravel beds on the
outside margin of deep pools at bends in the river, and 6 in a
like location on the inside of a river bend.

Figure 33.--Sea lamprey nest; type characteristic of graveled or
gravel bar areas. (Ocqueoc River, Zone 1, Station 1M,
June 10, 1946.)
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Under such conditions, preferred nest-building sites could
only be determined by ascertaining in limited areas the serial
order in which they were occupied. A gravel riffle area, 80 feet
long, which lay between deep pools at two bends of the river
(stations 1I~1M), a predominantly sandy-bottomed area at Station
20, a gravel bed in a bend of the river at Station 1E, and gravel
riffles in a small stream (Station 5B) were observed during the
spawning season. It was found that, in general, the upstream
face of the gravel bars forming the longer riffle areas and that
of transverse gravel bars of all descriptions were utilized first
for nest construction. Following this, the depressions between,
and occasionally the crests of, these bars were used. In such
areas, the last sites taken were those within the foot of the
pool proper, upstream from the riffle, and those at the head of
the pool lying just downstream from the riffle (Figure 34). When
all such sites had been preempted, nests appeared on flat, gra-
veled areas along the outside margins of pools, and oh linear
bars, patches, and pockets of gravel in the sandy areas of the
river.

In the lower reaches of Zone 1, above Ocqueoc Lake, graveled
areas frequently appeared on the outer portion of bends in the
river. These graveled areas were generally composed of a series
of crescentic gravel bars, dipping from the shoreline to the
deepest water in midstream. Within the limits of such an area,
nests were built first on the upstream face of the bars at depths
of 12 to 2} inches. Thereafter, similar sites were occupied in
shallower water right to the water's edge and to depths of three
and one-half feet near the midstream limits of the bars. Areas
intermediate between, or upstream or downstream from, the gravel
ridges were settled on last (Figure 35).

In a small stream, the Little Ocqueoc River, a continuous
series of closely spaced gravel riffles was present, although
the profile of these bars was quite low. Here the sea lampreys
selected nest-building sites initially on the upstream face of
the gravel bars and laterally in the intermediate areas without
much discrimination (Figure 36).

In Zone 1, sea lamprey nests were built at depths ranging
from 5 inches to 5.5 feet. Most spawning occurred, however, in
deptl)ls between 12 and 25 inches (depths to center of floor of
nest).

In the generally graveled area between Stations 1L and 1,
the average depth of 46 nests was 22.1 inches (range: 8.5 to 24.0
inches) (Appendix G, Table 5); between Stations 1K and 1L, the
average depth of 3l nests was 20.2 inches (range: 11.0 to 32.0
inches) (Appendix G, Table 6); and in the generally deeper waters
between Stations 1E and 1F, the average depth of 7l nests was
22.l inches (range: 7.5 to 38.0 inches). It wds in this last
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area that sea lampreys were observed on six nests built on a
gravel bed on the bottom of a deep bend of the river. The
depth to these nests was 5.5 feet. In the Little Ocqueoc River
(Station 5B) the average depth of 31 nests was 9.0 inches
(range: 6.0 to 15.0 inches) (Appendix G, Table 7). For three
nests not included in this sample, depths of 5.0, 5.5, and 6.0
inches were recorded (Figure 36). It is curious to note that
in the last cases, one inch or less of water was passing over
the rims of these nests. Spawning had occurred at a similar
water level.

Completed nests varied in size from 10.0 to 39.5 inches in
diameter. The average was about 19 inches and varied from one
sample area to another as follows: Stations 1L~1M, 22,1 inches;
Stations 1K-1I, 21.0 inches; Stations 1G-1H, 19.3 inches; Stations
. 1E-1F, 18.1 inches. These stations are listed progressively
downstream and the decreasing average diameters are correlated
with diminishing amounts of suitable nest-building materials
* (Appendix G, Tables 5, 6). The average diameter of nests in the
shallow Iittle Ocqueoc River was 17.7 inches (Appendix G, Table 7).
These measurements were taken from rim to rim except for asymmetri-
cal ones for which a mean of greatest and least diameter was taken.

Two generalized patterns of nest construction occurred where
adequate amounts of gravel were present. The most common of these
two was that built on the upstream faces of bars or ridges. These
nests were characterized by high downstream rims, very low or
non-existent upstream rims, and tended frequently to be asym-
metrical in outline shape and in structure (Figure 37b). This type
was found most often in midstream locations where the current
was moderate to swift and where the bottom had an irregular pro-
file. In such nests, the downstream rims were frequently elabor-
ated to a considerable height--occasionally as much as 10 inches
above the floor of the nest (Appendix G, Tables 5-7).

The second general type of nest was characterized by a rim of
uniform height, a circular outline form, and a generally symmet-
rical appearance (Figure 37a). These nests were found at the
quieter margins of the stream, along the edge of, and at the head
and foot of pools, and in areas intermediate between bars and
riffles. Such areas had relatively slower current velocities
and the bottom had a flat or low profile.

In all types of nests and under all circumstances, I have
seen sea lampreys moving stones to the upstresm rims of their
nests although their success in maintaining this part of the
nest structure varied with the nest site and the velocity of the
current, as evidenced above. I see no basic functions of this
portion of the nest structure other than an additional repository
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The re~use of nests or nesting sites by late migrants was
only observed after all suitable nest-building locations had
been utilized. In the latter half of the season in Zone 1,
immediately below Ocqueoc Falls, unfavorable water levels ath
the falls and reduced vitality ameng the sea lampreys ultimately
forced many of them tc spawn in locations that had already been
completely utilized. On many transverse gravel bars, this con-
dition resulted in a complete obliteration of the outlines of
the original nests. The result was what appeared tc be 3 con-
tinuous, straight nest across the entire face of the bar (Figure
38). Bven under such circumstances, several pairs spawning on
these ill-defined, continuous structures tended to remain dis-
crete as pairs and spawned across a consistent and limited
breadth of the reworked composite structure.

(Zone 2)

In Zone 2 (see Fipure 28), the general type of nest was one
built of gravel, rubble, and small rocks in an area which was
more or less uniformly composed of varying amounts of these three
bottom types (Figure 37f, g). ILittle choice was offered the sea
lamprey in selecting sites for nest construction in this area of
the watershed., Riffle areas of gravel and rubble were more or
less level in bottom contour containing few if any bars or ridges
as found in Zone 1l. Nests were found across the length and
breadth of these riffles in a well-distributed pattern-—they were
seldom built in groups or close to each other. Many of these
rubble-strewn riffles had relatively swift currents, and where
this occurred, nests tended to be concentrated in the less swift
waters nearer the banks,

Individual nesting sites were generally selected where gravels
were relatively abundant among the rubble and slab rock (Apperndix G,
Table 8). These nests were usually symmetrical in form where the
rubble was of such a size that it could be moved and/or utilized
in nest construction (Figure 37g). In rocky or large rubble areas,
many asymmetrical types were built (Figure 37f). Limited amcunts
of gravel and swift currents restricted most construction in such
areas to a domstream rim in which the eggs were to be depasitad.
In predominantly rubble and slab rock areas, so little gravel
was occasionally available that a very meager nest structure was
completed and the ultimate success of spawning on such sites was
limited., Below these nests, eggs could be found lodged (and
exposed) among the rubble for many feet.

Among a sample of 25 nests on one of the more favorable nest-
ing riffles in this zone (Station 2B), the depths of the nests
averaged 10,9 inches (range: 8.0 to 13.5 inches). These nests
averaged 18.8 inches in diameter, varying from 13 to 26 inches
(Appendix G, Table 8).
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Figure 38.--Two pairs of sea lampreys spawning on a transverse
gravel bar; a continuous nest which has been reworked

by late spawners so that outlines of original nests
have been obliterated. (Ocqueoc River, Station 1L-M,
June 10, 1948.)

Although a considerable amount of spawning in the Ocqueoc River
occurred in this zone, nest-building and spawning conditions are
obviously less suitable than those areas characterized by gravel
bars and ridges in Zone 1. Initially, bottom contours, particularly
in most riffles, are low or flat and offer neither resting places
for the working sea lamprey nor sites which facilitate the con-
struction of a nest as would the abrupt upstream face of a gravel
bar. Heavy and/or unwieldy pieces of rubble must be cleared from
the nesting site with some considerable effort by the sea lampreys.
These larger materials and the inadequate amounts of gravel avail-
able do not permit formation of an adequate pest structure. Swift
currents over the riffles hinder nest construction and combined
with inadequate nest structures result in the sweeping away and
probable mortality of many newly-spawned eggs.
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(General Observations)

In both Zones 1 and 2, some visible current was present zt
every nesting site. The leasht current yelocity in any one spawn-
ing location was 1.3 feet per secondg_/ The maximum velccity
in an area whers spawning occurred was 5.2 feet per second in
a rubble and gravel riffle. Current velocities in four long and
heavily used riffles were 3.6, 3.8, L.O, and Li.i feet per second.
Two less extensively used riffles (poor bottom-type) had velo—
cities of 1.9 and 2.3 feet per second. In areas other than
riffles where it occurred, velocities of 1.5, 2.3, 2.8, 2.9, and
3.5 feet per second were recorded.

In the Ocqueoc watsrshed, there was no evident relationship
between the degree of cover and/or shade and the incidence of
spawning activity. The earliest, and subsequently one of the
most widely used spawning riffles in the river was relatively
shallow, contained no cover within the stream and was completely
exposed to the direct rays of the sun throughout the day. At
the other extreme, spawning in the Little Ocqueoc River at Sta-
tion 5B occurred in dense shade where the sun seldom struck the
water. However, since among the earliest spawning sea lampreys
somewhat more activity gwas displayed during the hours of darkness
than during daylight, I suspect that under optimum conditions,
all other factors being equal, a preference would be shown by
the sea lamprey for covered or shaded nesting sites.

(L) Summary of spawning requirements

It is concluded from these data collected in the Ocqueoc
River that two essential physical conditions, other than suitable
water temperatures, must be fulfilled before sea lampreys may
spawn with any degree of success. First, gravel, 3/8-inch to
2 inches in diameter, or gravel mixed with some other acceptable
hard bottom~type (rubble, clamshells, etc.) must be present as
the basic elements for nest construction. Furthermore, some
small amourits of sand must be available to which the eggs will
achere and which will imbed them in the interstices of the gravel
in the nest rim, Excessive amounts of larger hard bottom-types
(bed rock, boulders, large rubble) hinder or prevent spawning.

In predominantly sandy areas, some small amount of gravel mush be
present before nest construction and spawning will be attempiad
by the sea lamprey. Probably the minimal acceptabls quantity of
gravel urder such circumstances is typified in the nesbing site
described on p. 108 (Figure 37e).

1/ Current velccity: surface velocity X factor of 1.33.



Second, at least some current, passing consistently in one
direction over the nest, is essential to successful spawning.
This is concluded from the mechanics of the spawning act, from
the spawning behavior of the sea lamprey, and from the distri-
bution of nesting sites in the river. Very swift currents
hinder or preclude successful mating and when it does occur
under these conditions, many eggs are swept beyond the nest
which are lost through exposure, abrasion, and predation.

In the total absence of either gravel of the specified
sizes, or current, I have never observed spawning to take place
and where minimal quantities of either or both exist, the
success of this activity, measured in terms of hatched-fry pro-
duction, is very low.

These basic reproductive requirements of sea lampreys as
evidenced in the Ocqueoc River are substantiated by observations
made in other watersheds. Data relevant to the characteristics
of sea lamprey spawning grounds were recorded by field observers
for 29 other tributaries of Lakes Huron and Michigan (Appendix G,
Table 9). Any of the recorded physical or mechanical properties
such as width, depth, amount of current, color, and turbidity
(with accompanying variations in the chemical quality of the
water) of a spawning stream or spawning area varied widely with
but one exception. Gravel, in combination with sand, or sand
rubble, was always present. All records thus obtained of stream
width, depth, and degree of current at spawning areas fell well
within the range of these properties as observed in the Ocqueoc
River.

Water temperatures suitable for spawning are tentatively
identified as those extant in the Ocqueoc watershed during the
period April-July when the runs are entering the river. There
is some evidence that certain cold, spring-fed tributaries,
otherwise suitable for sea lamprey spawning, are abandoned by
spawning migrants (sometime after entry) when the water fails
to warm rapidly during the months of May and June. This condi-~
tion has been encountered in Pendillts Creek, Chippewa County
(Lake Superior basin). However, since my temperature records
in this stream are limited to intermittent pocket~thermometer
readings, no critical comparisons can be made.

The question has been raised: do sea lampreys spawn on the
gravelly shoals of the Great Lakes proper when blocked from their
spawning areas in streams by dams or other obstructions. There
is no direct evidence that they do or do not. If it does occur,
the success of this spawning must indeed be very low., Nest con-
struction, the spawning act itself, and the normal, and presuma-
bly successful; deposition of the eggs in the nest are predicated
on an unidirectional current passing over the nest; the entire
spawning behavior of the sea lamprey reflects a positiwve orienta-
tion to this consistent, uni-directional current. Shoal areas
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of the Great Lakes frequently possessa bi-directional, or re-
versing, water movement induced by wave action upon the shore.
It seemsunlikely that an ebb and flow water movement (or still
water) would elicit the presumably normal responses in the lam-
prey which would result in an effective nest construction or
spawning act., Such water action would inhibit both of these
activities, TFurthermore, in the shallowest areas of the lake
shoals, one to three feet in depth, which are comperable to the
depths selected in streams by the lampreys for spawning, there
15 1ittle likelihood of the survival of eggs because of molar
action of bottom materials subjected to wave action in such areas,

(5) Post-spawning behavior

Following the completion of spawning, spent females drop away
from the nests almost immediately, drifting downstream to die in
quieter eddies or pools. When held experimentally in enclosures,
they expired sooner after spawning than did the males. Males,
however, cling to the nest for one to three days after spawning
is completed, only dropping downstream when completely spent phy=-
sically and very near death. Spent males curl themselves in the
deepest depression of the floor of the nest where they receive
the most protection from the current. In this position they cling
weakly to a stone (Figures 36, 39). This attitude is so character-
istic that spent individuals were readily spotted on the spawning
beds .

Figure 39.-~Spent male sea lamprey clinging to nest after the
completion of spawning. (Ocqueoc River, Station 1M,

June 8, 1948.)
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Males and females, dropping downstream and no longer possess-—
ing the strength to swim against the current, generally moved
tail-first with weak swimming movements against the current.

Even at this stage, they still retained a positive response to
the stream current.

(6) Adults prevented from spawning

A preceding discussion considers one possible fate of sea
lampreys prevented by barrier dams from reaching suitable
spawning areas in streams, i.e., they might spawn on gravel shoals
in the lake proper. Such a situation was considered unlikely.

There is evidence that a diversion of some indiyiduals of, such
barred runs to other streams along the shoreline, with accessible
spawning areas, occurs. In 1949, a small, portable weir and trap
were operated intermittently in Milligan Creek, Presque Isle
County (T37N, R2E, Secs. L, 5, 8, 9). This stream is 6.5 miles
and 9.0 miles NW of Carp Creek and the Ocqueoc River, respectively,
on the Lake Huron shoreline. In each year, 1947-19,9, it was
observed that a run estimated at from 600 to 1,000 sea lampreys
entered this stream in the early spring. It was also observed in
each year that for some as yet undetermined reason all of these
migrants abandoned this stream without spawning. Conditions were
comparable, therefore, to those where a mechanical barrier pre-
vented access to spawning grounds.

Ninety-one sea lampreys were taken in this weir-trap during
eight 2l-hour periods of operation on May 15 and during May 20-26
inclusive. Eighty-six individuals were moving upstream and five
were moving downstream at the time of capture. All of these lam-
preys were tagged with numbered, celluloid button tags and re-
leased in the direction in which they were originally travelinug
(3/8-inch diameter tags; applied with 2 1/2-inch, nickel-plated
bank pins through the dorsal musculature, just anterior to the
first dorsal fin).

Six of these marked sea lampreys (7.0 percent of total tagged)
appeared in the Carp Creek and Ocqueoc River weirs. These stieamg
represent the two nearest potential spawning streams SE of Milligan
Creeck along the Lake Huron shoreline. One recovery in Carp Creek

was taken 10 days after tagging; the five in the Ocqueoc River ab
2, 6, 10, 17, and 30 days after tagging.

An additional tagged sea lamprey was recovered in the Mackl-
naw Straits by a commercial fisherman on, or about, July 15, 1$LS,
some 51 days after it had been tagged. It was taken 3 1/2 miles
NT of Mackinaw City in 78 feet of water on a mud bottom. The
lamprey was caught when its tag became entangled in the twine of
a gill-net set. .
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It is logical to assume that some lampreys die before they
succeed in finding suitable spawning grounds. This they may
experience’ in streams, when blocked by a large dam, or in the
Great Lakes, when unable to locate an adequate stream. In order
to measure the effect of such frustration experimentally, I
imprisoned migrants as follows: In 1947, 50 migrant sea lam-
preys (30 males and 20 females) were taken from the Carp Creek
weir on May 20 and 2l and on June 15, and placed in live-crates
anchored in Ocqueoc Lake at depths of 2 to li feet. Ten lampreys
were placed in each of five compartments which averaged about
1 1/2 cubic yards of space apiece. An equivalent number of 8-
to 1l=inch black bullheads were placed in each compartment
(none of these bullheads were ever attacked by the impriscned
lampreys). The bottoms of three compartments were of planed
wood, and of the remaining two, wood covered with a layer of
silt and sand. Lake water temperatures here varied from 53
degrees F. to 75 degrees F. during the course of the experiment.

Initially, all imprisoned lampreys were very restless and
moved about almost continuously searching for a way out of the
crate. This restlessness became very pronounced on June 25.
Between then and June 28, 12 males and 5 females died. Between
the latter date and July 3, 9 males and 15 females likewise died.
Of the remainder (all males), two died on or before July 11, six
on or before July 18, and the remaining specimen expired on

July ‘25.

With the exception of the retention of the unspawned eggs or
milt, anatomical and degenerative changes among these dead speci-
mens were like those in spent sea lampreys. The color of the
-liver, the degree of reduction of the digestive tract, loss of
vision, and sloughing of skin were all similar (subsequent dis-
cussions treat in more detail upon these changes among migrant
" and spawning individuals).

In this experiment, the specimens were held at higher water
temperatures unlike those which normally blocked migrants would
have found had they moved back from a barrier structure into
the Great Lakes proper. These elevated temperatures probably
accelerated the normal rate of mortality or hindered a possible
recovery from the anatomical changes accompanying sexual maturity.
However, l; migrant adults taken from Carp Creek on May 29, 1947,
and held in running water aquaria at the Oden State Fish Hatchery
at an average water temperature of 19 degrees F. (range: L8 to
52 degrees F.) also dig . Either suckers or trout were also
placed in the aquaria.®l/ The lampreys were very active for several
'days, apparently seeking a way out of the tanks. Thereafter,
they quieted down and were never active unless disturbed. At no
time did they attack either suckers or trout placed with them.
Three specimens were killed on June 12, June 28, and Aupust 5,
respectively, and examined. Liver color and reduction of the

_8/ Experiment conducted and observations by Mr. R. F. Sharkey of
the COden State Fish Hatchery.
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digestive tract in the last two specimens were comparable with
that of spent sea lampreys. The fourth lamprey died on
September 3 bearing no evidence of a recovery from the degenera—
tive changes accompanying sexual maturity.

This slender evidence suggests that colder water tempera-
tures merely prolong the existence of an organism that, if barred
by circumstances from the climactic act of its life cycle, is
destined to die when it has burned up its reserves of energy.

IV. Physical degeneration of migrants and mortality of

pdst—spawning adults

Although the preponderance of evidence presented by earlier
investigators (and substantiated by my data) points rather con-
clusively to the death of the sea lampreys after the completion
of spawning, doubt is still expressed in some quarters as to
whether or not this actually occurs. Surface (1899) and Gage
(1928) noted an anatomical degeneration of the gut (and liver;
Gage, 1928) among migrant and spawning populations of lampreys
of this species. Surface (op. cit.) likewise noted a tendency
towards blindness and a shedding of the epidermis among post-
spawning adults. Both writers refer to the absence of "minute
bva" in the ovaries of spent females as evidence that these lam-
' preys spawn only once and then die.

If sea lampreys die after spawning, cne would expect to find
large numbers of dead, spent fish near the spawning grounds.
However, this is not soj such fish are not seen in abundance.
Surface (1899) attributed this dearth to the fact that most dead
and dying lampreys were deposited in the deeper, silted pools
of a stream and to the fact that immediately after death the
lampreys decayed with great rapidity under any circumstances. An
experiment performed by Surface confirmed these contentions.

Both Surface (1899) and Gage (1928) noted instances where the pre-
sence of the long, tape-like, persistent notochord was the primary
evidenze Iin the stream of a post—spawning mortality of adults.

Gage (1923) performed experiments in holding spawning sea
lampreys under various conditions favorable to their recovery and
observed that all specimens ultimately died. The most conclusive
evidence of mortality in spent lampreys was presented by Surface
(1899) for a spawning run of lampreys in a New York stream. He
reported that only dead or dying sea lampreys (often badly fungused
and barely alive) drifted downstream to a weir and trap operated
on the inlet of Cayuga Lake, New York.

All of my evidence, from both field observations (direct esvi-

dence) and anatomical studies (indirect evidence), confirms %he
conclusion that sea lampreys die after spawning once.
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Cbservational or direct evidences to support these statements
are of two types: Those derived from observations on the spawn-
ing grounds and those obtained in commection with the operation
of sea lamprey weirs and traps. During the 1947 and 19L8 seasonms,
sea lamprey spawning activity was studied in detail in the Ocqueoc
River watershed. During and after the peak of spawning activity,
spent and dead or dying adults could always be found on those
spawning grounds where thorough examination was possible. Admit-
tedly, spent and dead sea lampreys were never very much in evi-
dence to the casual observer but a careful search under brush
tangles, in slcughs, backwaters, and in the deeper silted pools
revealed many that would ordinarily escape notice. Details of
one day's observations will illustrate this. On June 24, 1947, a
0.6-mile stretch of the Ocqueoc River was carefully censused for
spawning and dead sea lampreys. Of 194 individuals seen, 155 were
occupied with spawning activity. The remainder, 39 (20.1 percent),
were dead or very nearly so, and were picked up in quiet water or
in locations where their bodies would catch under or against logs,
brush, and stones. Furthermore, an investigation of the deeper,
silted pools revealed many dead lampreys in advanced stages of
decay which, bacause of fragmentation, could not be counted. The
remains of most dead sea lampreys present in the watershed lay
at the bottom of these deeper pools. The depth of the pools
(many to 10 feet or more), the tea-colored water of the river,
and the rapid decay and silting-over of the bodies all combined
to conceal the many dead individuals deposited there by the river
current.

In pools, particularly below much-used spawning riffles,
dredging activities produced numerous white, tape-like structures;
on comparison these proved to be sea lamprey notochords. These
notochordal "tapes" were all that remained of decayed sea lam-
preys. These persistent structures were also found caught against
brush and other snags in other parts of the stream.

A contributing factor to the paucity of observable dead in
the shallower waters is the activities of the gulls and other
scavengers as described in a previous section of this study.

This direct evidence that some or most sea lampreys die fol-
lowing spawning, does not refute the contention that perhaps
some individuals recover to spawn in another season. MHowever,
the operation of the Ocqueoc River weir in 1945 which has been
reported upon by Shetter (1948) offers excellent testimony thst
very few if any wrecover from the spawning act. This point has
not been elaborated by Shetter. A weir and trap was operated in
the Ocqueoc¢ River from April 22 to July 15, 1945. The river over-
topped the weir on April 25-28 and again, during the peak of mi-
gration, on May 28-June 6. Although L,608 sea lampreys were
trapped, an escapement of perhaps 4O percent of the run occurrsd.
Those that passed the weir were observed spawning subsequently
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in the watershed. During the entire period of effective oper—
ation of the weir (June 6-July 15) following the second over-
topping of the structure, only 29 sea lampreys were taken moving
domnstream. The inclusive dates of operation allowed ample time
during this interval for most, if not 211, of any adults that
had recovered from spawning and were returning to the lake, to
have reached the weir. Furthermore, although the 29 downstream
migrants were not examined to determine their conditiom, it is
probable that they were merely upstream migrants moving around
within the confines of the stream while seeking a place to spawn.
Data collected in 1948 during the operation of a trap in the
Carp Lake River (Emmet County) supports this assumption.

In addition to the preceding observations, data obtained
from laboratory examination of migrant and spawning sea lampreys
offers further supporting evidence, of a less direct nature, on
the post-spawning mortality of adults.

First it has been concluded from a study of the ovaries of
both unspawned and spent female sea lampreys that the maturing
eggs greatly outnumbered the undeveloped ones present which
would have enabled the female to spawn again in another year.
Furthermore, no germ-cell stages were present in the ovaries

. of the spent females.

Secondly, a group of consistent manifestations of a physical
degeneration of migrant and spawning adults was found in all
specimens examined. Although these phenomena of decadence are
discussed separately under following subheadings, they should be
considered in the light of their cumulative effect upon the indi-
vidual sea lamprey in order that their significance can be appre-
ciated fully.

(1) Progressive blindness

All spent and dying sea lampreys on the spawning grounds
were quite blind. The corneas of the eyes of these specimens
had lost their sharp, clear quality and were quite milky or
cloudy in appearance. These individuals would respond weakly to
tactile stimuli-——never to visual ones. The onset of this condi~
tion was first noticed during and after the peak of spawning
activity when it was observed that nearly all of the spawning
adults nearing the completion of spawning were already blind. As
the termination of the spawning period approached, blind indivi-
duals were found in progressively less advanced stages of their
spaming activities. At these times, the observer could stand
astraddle a nest in which a pair was spawning and place the
fingers of one hand on each side of the head of one of the spawners
as if to grasp it. No response or awareness of the observer's
presence was elicited until a physical contact was made with.the
lamprey's head or body. Only then did the usual avoiding reac-
tion result.
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All of the stragglers which composed the end of the Carp
Creek run in 1947 displayed some evident loss of vision. In
several of the migrants taken during the month of July, the eyes
were already milky-white and opague and those specimens did not
respond to visual stimuli. This was likewise true of the late
migrants captured in Ocqueoc Lake during July of the same season.

A general increase in migratory activity during daylight
hours as the spawning season progresses has been described pre-
viously. The increase in activity during the daytime is much
more pronounced on the spawning grounds during the same period
and is climaxed with equal spawning activity occurring at all
hours of the day and night. It appears that loss of vision
parallels ripening of the gonads, that it progresses in severity
as spamning time approaches, and that it culminates in total
blindness by the time an individual is spent. Other evidence
indicates that loss of vision occurs more rapidly among late
migrants than among early ones.

(2) Loss of epidermis

In all dying and freshly dead sea lampreys it was observed
that large, irregular patches of outer skin had been lost. With
the layer that had been sloughed-off, went its mucous coating
and the pigmentation of the variety of spawning colorations
which occurred. The deeper layers of the integument which were
exposed were a dull, blue-black in color with a vague overprint-
ing of the characteristic black mottling. Those areas upon
which the outermost layers still remained could easily be de-
nuded of their covering by a firm stripping action with the hand.

Skin loss was first noticeable in mid-breeding season among
live adults which were nearing the completion of spawning. As
the spawning period progressed, increasing numbers of individuals
were found on the nests which displayed some loss of body cover—
ing. Ab the close of the season, all adults observed at the
peak of their spawning activity, or later, had suffered a similar
loss. Among live individuals, the most noticeable loss of areas
of the skin was found among spent males. These males character-
istically cling tec, or remain in the bottom of, the nest for a
variable pericd following the completion of spawning. On observa-
tion, it seems hardly possible that these males, with their life-
less behavior, with white, opaque eyes and with scaly, broken
skin, could still be alive or could live to spawn again.

Much of this loss of body covering may be attributed to abra-
sion against hard bottom materials during the violent exertions
of nest building and spawning. Among the females, further scar-
ring and abrasion of the head regicn occurs from the male grasp-
ing her in that region with his mouth during each spawning act.
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Since there is no evident rspair or replacement of the lost
layerz, the scarring effects of all abrading agents are cumula-
tive. Some dying individuals were almost completely denuded
of the outer layer of skin, These conditions rendered the sea
lampreys very wulnerable to fungus infections, which many dis-
rlayed.,

(3) Degeneration of the digestive tract and changes

i.p_ the color of the liver

§

Two changing phenomena are readily apparent in the dissec
tion of sea lampreys collected during the entire season of mi-
gration and spawning. One is a series of changes which occurs
in the coler of the livers the other is a siriking reduction in
the size of the digestive tract.

The liver of sexually immature and actively feeding adult.s
is nermally a pale reddish-orangs. Among male sea lampreys thz
livers of the earliest migrants still retain this color. How-
aver, as the migratory season progresses and the run is composed
of individuals in more advanced stages of sexual maturity, z
series of color changes of this organ appears. Successively,
+the color of the liver becomes orange-yellow, sometimes mottled,
sometimes of a uniform intermediate shade; yellow; yellow-grew:,
either mottled or of a uniform intermediate shade; and finally,
a bright, light green. The livers of wirtually all male migrants
examined during and after the peak of the spawning run were ixn
advanced stages of change; the colors occurring were yellow,
yellow-green, or light green. The color of the liver of all
spawning and spent males examined was light green.

The liver color of the earliest migrant females likewise
is the reddish-orange characteristic of the ocrgan in sexually
immature adults, although it is of a somewhat darker shads.
Changes in the color of the liver with increasing sexual matuar--
ity differ from those of the males and are less elaborate. The
1iver in migrant females cn successive dates becomes: reddich-
browas: brownishegreen, either mottled or of an intermediate
shade; and finally, dark green. In the latter half of the rmu,
all females fell in the last twe zolor categories. The livers
of all spawning and spent females are dark green in color.

Theze color changes of the liver are very pronounced in
charaszher and differ so distinctly between the two sexes that
ascirate sex determinations can be made upon sexually maturing
or mature adults solely upon an examination of the color of this
Grga.

When the above observaticns were made, records were cbtaired
of the stage of sexual maturity, color of the liver, and in-
testinal end rectal diameters of 478 male and female sea lamprsys
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collected at intervals throughout the migratory and spawning
season (Data are presented in Appendix G, Tables 10 and 11,
sexes separately. The proportion of individuvals displaying
the color changes described above at various times during
these periods may be derived from these tables).

The direct or indirect causes of these coler changes in
the liver of the sea lamprey are not known. Surface (1899) ncted
that the livers of spent specimens were green in color and
ascribed it to a general accumulation of catabolites. It has
been suggested that these color changes result from the success-
ive accumulation in the liver of dominant quantities of varicus
bile pigments (bilirubin, urobilin, and biliverdin) following
conversion from one to the other by either oxidative or reduc-
tive processes. However, the sequence of reactions that would
necessarily be involved secems somewhat irrational. Certainly,
these color changes in the liver signify a profound alteration
in the normal metabolism of the organism which, perhaps, is
associated with the process of sexual maturation. They further
signify, if not an actual degeneration of this organ, at least
a serious, and possibly irreversible, physiological change in it.

An atrophy of the digestive tract of migrating and spawning
sea lampreys was reported by earlier gvorkers (Surface, 1899;
Gage, 1928); I too observed this condition. Specifically, with
increasing sexual maturity and associated cessation of feeding,
the diameter of the digestive tract gradually decreases until,
at the time of actual spawning, it is reduced to a mere hollow
thread, one tc two millimeters in diameter.

The digestive tract of the sea lamprey may be likened to
a straight tube which travels directly from the mouth to the
anus. The regicnal differentiation of the tract, present in
higher vertebrates, is only obscurely indicated. Anteriorly,
a short gastral or stomach zone is present; posterioriy, a
short rectal zone is more readily distinguishable. Between
these lies the intestine which is identified by thicker walls
and greater structural rigidity than the other zones possess
and by the presence of a typhlosole.

In order to demonstrate the reduction in this organ, mea-
surements were made of the diameters of the intestinal ard
rectal zones of the digestive tracts of 473 sea lampreys. All
measurements were made to the nearest half-millimeter with
dividers and a steel rule. The samples utilized for these
measurements were collected at intervals throughout the migci-
tory season and upon the spawning beds (Data are presented in
Appendix G, Tables 10 and 11, sexes separately. For each sex,
the range and average of intestinal and rectal diameters hava
been tabulated first by date of collection and as to whether
migrant or spawming sea lampreys were examined. Secondly,
these data have been further subdivided and grouped according
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to the color of the liver of the specimen examined as it was
observed that this character was the most simply recorded
measure of the individual®s degree of sexual maturity. The
validity of this association may be verified in the striking
correlation between the two changes).

A spawning run, as it progresses in time through migra-
tory and spawning periods, is composed of individuals in increas-
ingly advanced stages of sexual maturity. Among the earliest
migrants studied, the average diameters of the intestine varied
from 7.4 to 10.8 millimeters. The average diameters decreased
throughout the run until among late arrivals maximum intestinal
diameters averaged L.l millimeters. Further reduction occurred
during the journey upriver and upon the cuawning grounds. The
diameter of the intestine of specimens collected while spawning
never exceeded 2.5 millimeters; they were occasionally reduced
to a diameter of 1.5 millimeters. Rectal diameters were con—
sistent throughout in their progressive reduction; like those of
the intestine, although invariably somewhat lower in value.

It is important to note that these gut diameter measure-
ments represent only a partial measure of the decrease in the
digestive capabilities of the intestines of the specimens studied.
An increasingly greater amoant of potential digestive and ab-
sorptive surface of the intestine is lost with each small decrease
in diameter. The word "potential® is used advisedly since my
studies indicate that no feeding takes place during the time in
which this reduction is occurring.

Cross~sections were prepared from the mid-portion of the
intestines of a series of sea lampreys to determine more pre—
cisely the changes in gross structure and histology which were
associated with its reduction in size (Figures 40-48). This
material was collected from sexually immature, actively feeding
adults, from migrants in varying stages of sexual maturity, and
from adults taken from their spawning redds. In all, intestinal
sections from 20 specimens taken before and during migration
and during and after spawning were examined. With the exception
of the sexually immature specimens, intestines were removed from
live material and preserved in F-A-A solution. Sections were
imbedded, cut at 10s , and stained in Harris! Hematoxylin and
Eosin.

The intestine of a sexually immature adult is circular or
ovoid in outline; its lumen is U-shaped. Into the lumen projects
s typhlosole which commences anteriorly on the dorsal side of
the intestine, describes a partial spiral, and terminates on the
ventral side. The typhlosole does not usually extend more than
helf way across the lumen. It carries both an artery and a larger
vein. Msny slender, closely-spaced longitudinal folds or rugae
arising from both the walls of the intestine and from the typhlo-
sole likewise project into the lumen (Figure LO).
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Figure 40.--Section of intestine of sexually immature and actively
feeding adult taken in Grand Traverse Bay; total
length-=9,6 inches; color of liver-orange. X23.2.
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Figure 41.--Section of intestine of migrant sea lamprey; male;
total length--13,.1 inches; color of liver--orange.
X23.2.
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Figure L2.,-=Section of intestine of migrant sea lamprey; female;
total length--16.5 inches; color of liver--brown-
green, X23.2,
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total length--16.3 inches; color of liver--yellow=-

Figure lL3.,--Section of intestine of migrant sea lamprey; male;

X23.2,

green,
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Figure LlL.--Section of intestine of migrant sea lamprey; female;
total length--15,8 inches; color of liver--brown
green. X23.2,

Figure L5.--Section of intestine of migrant sea lamprey; female;

total length--16.9 inches; color of liver--dark green.
X23.2. .
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Figure L6.--Section of intestine of migrant sea lamprey; female; total
length--15.9 inches; color of liver--dark green. X23.2.°

Figure LT.--Section of intestine of spawning sea lamprey; male; total
length--14.6 inches; color of liver--light green. X23.2.
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Figure }8.--Section of intestine of spawning sea lamprey; female;
total length--17.8 inches; color of liver--dark green.
X23.2. »
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The intestine is covered with a visceral peritoneum (serosa)
composed of both simple and stratified squamous epithelia cells
in different places. DBeneath this lies a relatively undifferen—-
tiated muscular layer. The lumen is lined with pseudo-stratified
columnar epithelial cells, which may or may not be ciliated, and
a variable number of secretory cells. A mucosa of connective
tissue forms a core for each of many ruga and is present at the
base of the folds alsoc. Many small capillaries enter the rugae
from the walls of the intestine.

Even among the earliest migrant sea lampreys some constric—
tion of the lumen is evident (Figure Ll). As this cavity becomes
more severely constricted, the rugae become contorted and bent
upon themselves (Figure L2); a part of the evident reduction
in the lumen is due to crowding of the folds as the intestine
first shrinks. Following this, these structures become increas-~
ingly truncated and aborted in shape as the diameter of the in-
testine declines in size. A fusion seemingly occurs at the bases
of the rugae and many disappear entirely (Figures L3-L6).

In spawning sea lampreys the rugae are reduced, in cross sec—
tion, to blunted, misshapen knobs. Many disappear and some of
the remaining ones are broadly fused at their bases. At this,
the most reduced stage, the typhlosole is essentially devoid of.
rugae, and with its large artery and vein, occupies almost all
of the lumen of the intestine because it has regressed relatively
less per se than the remainder of the gut (Figures L7-L8).

Aside from a gradual loss in the volume of tissue present,
no specific changes appear to occur in the serosal and muscular
layers. However, some very striking changes occur in the structure
of the epithelial lining of the intestine., This tissue is con-
posed of pseudo-stratified columnar epithelium in the sexually
immature adult, A virtual retrogression of this layer occurs
along with.the gross changes previously recorded. Among migrants
in the earlier stages of sexual maturity, more and more simple
columnar cells form the lining of the lumen apparently replacing
the pseudo-stratified columnar ones. As maturity advances and
the intestine becomes more and more constricted, the simple cell
type increasingly dominates the lining. In subsequent stages
the columnar cells become progressively shorter and broader.

This culminates, in specimens taken on the spawning grounds, in
a lining composed almost exclusively of simple, cuboidal cells,

Although reduced in nmumber and size, the blood vessels and
capillaries retain a highly functional appearance. This is par-
ticularly so in the artery and vein of the typhlosole (Figures
40-hB8), Furthermore, very few degenerate or dead cells, either
free or attached, could be distinguished in any of the sections
studied; only apparently living, if somewhat altered; cells ap-
peared to be present. No marked or progressive dehiscence of
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lining cells into the lumen of the digestive tract was observed,
These facts suggest that the general regression of all tissue
layers present in the intestines of sexually maturing sea lampreys
results from an active autolysis, i.e., a resorption and diges-
tion of these tissues. It seems entirely feasible that such re-
sorbed cellular material could be utilized by the sea lamprey;
subsequent to the time that it ceases feeding it must migrate
often long distances upstream, and collaterally must complete

the formation of its sexual products, and finally must construct
its nest and spawn.

It is within the realm of possibility that a regeneration
of tissues might take place in the intestine of a spawned-out
adult, -However, this is deemed highly unlikely. The functional
characteristics and the digestive capabilities of this organ
have been so severely reduced that such a regeneration could
hardly occur.

(4) Discoloration of flesh

The flesh of sexually-immature, adult lampreys taken in the
Great Lakes was found to be uniformly white and of an appearance
not unlike that of many other fishes. In virtually all migrating
sea lampreys, certain localized areas of the flesh display varying
amounts of a bluish discoloration. This discoloration occurred
primarily in a band immediately beneath the integument, along the
dorsal septum, and around the median skeletogenous elements {noto-
chord, etc.). Furthermore, in the most mature specimens, a light
bluish tint was imparted to all portions of the flesh,

Presumably this discoloration is the result of the deposi-
tion of catabolic wastes in the flesh consequent to the decline
in the functional capabilities of the digestive tract and associated
organs of elimination.

VII. Some economic characteristics of spawning runs

This discussion is not concerned with the matter of control
of lamprey populations in the upper Creat Lakes, but rather with
the potential commercial utilization of sea lampreys taken either
by control devices or by a possible commercial trapping enterprise.
This matter has been given some attention with the object of deter-
mining compensatory uses for this predator in the event that the
control of its numbers is deemed either physically or financially
impractical,

The major uses to which sea lampreys, trapped on their spawn-
ing runs, might be put are as follows: (1) Food—for human con-
sumption or as animal farm (mink, fox ranches, etc.), or fish hat~-
chery rations; (2) reduction for oil, fertilizer, meal or derived
by-products; (3) reduction for medicinal products; and (L) sale
as biological specimens.
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Certain of these uses have been tentatively explored and
the results are herswith summarized and discussed.

Preliminary experiments indicated that spawning run sea
lampreys were quite unpalatable, In 1547, 12 fresh sea lampreys
taken from the Carp Creek welr were swoked by a Mr. Emil Plath
of Rogers City, Michigan. Mr. Plath has smoked meat and fish
commercially for 35 years and was particularly interested in
determining if the lampreys would make a saleable smoked product.
The results were discouraging, The smoked lamprey flesh was
gtreaked with black from the original blue discoloration of the
flesh (accumulated waste products); its appearance was unappetiz-
ing and the texture of the flesh was soft or "mushy". The most
unfortunate characteristic, however, was an acrid, unpleasant
odor, characteristic of the lampreys but unlike the usual "fishy"
smell of other fishes, which the flesh gave off. This alone in-
hibited any enjoyment of the actual taste of the flesh itself,

I have prepared and cooked fillets from fresh specimens on
two occasions. These preparations likewise displayed unpleasant
discolorations of the flesh after cooking; its texture was some-
what soft. The taste of the flesh was not exceptional; its
enjoyment was obliterated by the indefinable, acrid odor of a
decaying lamprey which was present even in the cooked material,

Even if a cooking technique were developed which would allay
the aforementioned odor, I believe that it would be extremely
difficult to market fresh lampreys either in the round or drawn.
Over a period of two years; the reactions of numerous laymen to
the appearance of fresh specimens were noted. The slimy skin,
the snake~like appearance, and the ugly mouth and head brought
forth expressions from outright disgust to a complete disinterest
in experimenting with them as food. I judge from this that if
the lampreys are ever marketable as food they will only be so
as fresh or canned fillets.

Reduction of sea lampreys for oil or associated medicinal
products appears equally unpromising. In 1947, at the request
of Dr. John Van Oosten, six specimens were sent to the Fishery
Technological Laboratory, Seattle, Washington (U. S. Fish and
Wildlife Service); for analysis of oil content and the vitamin
A potency of that 0il., The results of these tests are summar-
ized in the following paragrag extracted from a letter from that
labvoratory to Dr. Van Oosten:

With Vitamln A selling at about 11 cents per million units,
it is evident that it would not be feasible to remove the livers
or eggs from the lamprey as the cost of the labor involved would

2/Data qucted with bermission of Dr. John Van Oosten, In Charge,
Great Lakes Fishery Investigations, U.S. Fish and Wildlife Service.
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probably be greater than the value of the material separated.

We recognize that a sample based upon only six individuals may
not be representative. However, even if the analyses had been
ten times higher, the material would still be of doubtful value.
It therefore seems unlikely that the sea lamprey will ever be a
comnercial source of Vitamin A. The only possibility would be

to use the lamprey for reduction purposes. The oil thus obtained
might be of a high enough potency to warrant its sale for its
Vitamin A content.®

The greatest obstacle to developing any of the proposed or
tested uses of spawning run sea lampreys would be the excessive
cost of each pound of lamprey flesh produced. It has been demon-
strated that even large runs (in numbers) constitute a relatively
small poundage of lamprey flesh. The sea lamprey run in the
Ocqueoc River, estimated at 10,000 individuals in 1947, would
have a total weight of 4,062 pounds. This weight would produce
approximately 1,000 pounds of meal and 68 pounds of oil. To pro=-
duce this number of pounds would require the operation of a weir
and trap that would capture all migrants. Such a trap would have
to be built according to certain minimum requirements in order
to be efficient and be in operation for three and one-half months
with a seasonal average of three salaried employees in continual
attendance. At present wage levels and costs of construction of
such traps, the cost of production per pound would obviously be
out of all proportion to the profit that might be deriwved from
the products. For example, had the trap been run in 1948 the
estimated cost for labor and weir maintenance would have been
about $1.00 per pound of whole lampreys. If the cost of weir and
trap construction and development were distributed over a ten-
year period and added in, the cost per pound of produced whole
lampreys would be raised to about $1.40. IEach pound of whole lam-
preys would produce one-quarter pound of meal and/or 7.6 grams
of oil. The costs indicated are those "at the pier". Additional
expenditures must be met for handling, transportation, processing,
and marketing.

In spite of these data, it is suggested that whole, frozen
sea lampreys be tested as supplementary rations for fish hatcher-
ies and animal farms. Such sales. (or consignments within an
organization) and sales as biological specimens may in some small
measure reimburse the agencies expending funds for sea lamprey
contrel,

The picture painted by the preceding comments is quite dis-~
ccuraging. It is not intended to be so. It is merely an evalua~—
tion based on present known facts and figures relative to spawrn~
ing runs, and the economic feasibility of the utilization of sea
lampreys in the major categories of uses noted.
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VIII. “Investigations of the larval, non-parasitic phase

. of the sea lamprey!s life cycle

Methods

Ammocoetes; or larvae, of the sea lamprey are extremely abun-
dant in many parts of the QOcgqueoc River watershed and were stu~
died there in 1947 and 1948. They were collected by means of an
electric shocker and several types of dredges. The shocker was
a portable, 110-volt, A. C. generator driven by a gascline engine.
This device, in practice, passes an alternating current through
the water or bottom between two electrodes. In collecting larval
lampreys, the electrcdes were operated at distances of from five
to fifteen feet apart, depending on the locus of operations. The
machine which T used had a fixed maximum output of 110 wolts and
3 amperes. Voltages and amperages within the operating field of
the electrodes would vary with the nature of the stream bottom
and the chemical quality of the water but they would not exceed
the maximum output indicated.

Within the electrical field; many ammocoetes are apparently
overcome with convulsive movements which cause them to emerge
from their burrows in the mud and sand. Some; emerging either
head or tail first into the stream, are paralyzed and drift down-
stream or lie upon the bottom depending upon the amount of stream
current. Others become paralyzed when half out of their burrows.
A1l of these are easily collected with a scap net.

Many other ammocoetes are evidently paralyzed as they lie
in thelr burrows. In collecting the larvae, the electrodes were
moved forward very slowly, as a rule, and were often operated
continuously in a very limited area for as much as five minutes.
Quite frequently an area would appear devoid of lampreys for
several minutes. If the position of the electrodes was shifted
gently, however; larvae would soon begin to appear. In spite
of intensive collecting efforts in a given area on any day, equiv-
alent, or larger; numbers of ammocoetes could be removed from
this same area on several succeeding days. One heavily populated
silt bank was "worked over" with the shocker for seven consecu-
tive days and collections made on each day; the largest collection
was made on the third day of this series.

Lamprey larvae recover almost immediately when removed from
the electrical field by the stream current or by the observer.-
No prolonged ill effects of subjection to the electrical current
are apparent. Nearly all ammocoetes collected with an alternat-
ing current shocker display some evidence of hemorrhaging in
the branchial region. The violent convulsions induced by the
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electrical current evidently cause ruptures of the many capil-
laries which lie very near the surface in that area. Among
shocked specimens subsequently held in aquaria, all evidences of
this hemorrhaging disappeared within a week. :

Success in collecting with the electric shocker depends on
being able to see the larvae in the water or on the bottom when
they have left their burrows. Turbid water, poor lighting, and
the more rapid recovery of the smallest individuals from the
effects of the electric current may result in many of these being
overlooked. Good random samples of all size groups could only
be obtained by exercising greatest care and by working in areas
of shallow, clear water.

Some collections were made by screening dredged bottom sam-
ples. I used a Peterson dredge most often and sifted the contents
in a box having a bottom of fine-mesh screen. Ekman or other
light dredges were unsuitable because the organic debris of the
river silt beds frequently prevented the jaws from closing. Scoop-
shaped dredges, although satisfactory for collecting, could not
be used where measures of larval populations per unit of area
were sought.

The Peterson dredge was selective for the smaller size groups
of larval lampreys. It brought up only the surface layer of the
stream bottom from about 2 to 2.5 inches in thickness. Such col-
lections were composed almost entirely of young-of-the~year;
sometimes a few yearlings were included. For this reason, they
complement those made with the electric shocker since with the
latter instrument, the smallest lampreys were most often missed.
Both collecting techniques were utilized in seeking total popula-
tions of sample larval beds.

All measurements of the larger ammocoetes were made to the
nearest half-millimeter in a small steel trough in which a steel
ruler had been mounted. Similar measurements of smaller speci-
mens were made on a Bogusch Msasuring Slide. Recently-hatched
larvae were measured with an ocular micrometer in a compound,
binocular microscope. All lampreys were preserved in a 10 per-
cent solution of formaldehyde shortly after capture and measured
later; no ‘estimates were made of the probable shrinkage due to
preservation. Churchill (1945) reports a shrinkage of 3 percent
among northern brook lamprey larvae after preservation in 5 per-
cent formaldehyde for two months.

Altogether, 4,055 ammocoetes, other than recently-hatched
specimens, were collected which presumably were larvae of the sea
lamprey. Some qualification of the identity of the species is
used advisedly. Five species of lampreys are present in Michigan
waters: the American brook lamprey (Entosphenus lamottenii), the
sea lamprey (Petromyzon marinus), the Nichigan brook lamprey
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{(Ichthyomyzon fossor), the silver lamprey (I. unicuspis), and

the chestnut lamprey (I. castaneus). The larvas of each of these
various species, native and introduced, are notoriously difficult
to distinguish from one another. As yet, no artificial key based
on taxonomic characters has been prese ted which would aid in
differentiating all forms present from each other.

Certain anatomical features characteristic of the adults of
several species are distinguishable in the larval stage and iden-
tify the ammocoetes of these species at least to genera. Adult
members of the genus Ichthyomyzon possess a single, continuous
dorsal fin which is recognizable even among its very small larvae.
Adult lampreys of the genera Entosphenus and Petromyzon have two
distinct dorsal fins which are likewise present among their larvae.
Vladykov (19,9) has demonstrated that the number of trunk myomeres
of the silver lamprey and Michigan brook lamprey (genus Ichthyomyzon)
is less than in the general Entosphenus and Petromyzon. The ranges
in number of trunk myomeres of the latter two genera overlap broad-
1y and render identifications between them based on this feature
impractical.

Utilizing the two features just described, L1 ammocoetes be-
longing te the genus Ichthyomyzon were sorted out of the collec-
tions. Two transforming silver lampreys were also removed. It is
unlikely that any larvae of the chestnut lamprey were among those
thus removed as the Ocqueoc River is outside the natural range of
this species in Michigan. ‘ ‘

Presumably larvae of only two species, the sea lamprey and
the American brook lamprey remained in the collections. No effort
was made to distinguish between the larvae of these genera. Ad-
mittedly, then, some infusion of Entosphenus larvae is present in
my series of ammccoetes but I believe the number of these must be
negligible. During three years of work in the Ocqueoc River water-
shed in which I became intimately acquainted with all lamprey
spawning areas in the river, I have never seen either spawning or
spent American brook lampreys. Among collections made in all types
of habitats in all seasons of the year, only one transforming
specimen of the non-parasitic American brook lamprey was ever taken.
Obviously the species is sparse in the Ocqueoc watershed. On the
cther hand, spawning sea lampreys are annually abundant to the
point of severe overcrowding in some spawning areas. Enormous
numbers of their offspring appear in the silted and sandy areas of
the river after each spawning season.

It may be concluded that my collections are almost entirely
composed of ammocoetes of the sea lamprey and that the numbers of
American brook lamprey larvae in the series are so small, if pre-
sent at all, that they could not invalidate the analyses and con-
clusicns subsequently drawn therefrom. ' .
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Age and‘siZe‘gg larvaelgi'tims’gg'depafture from the

 nest, and-production from the redds

At an average water temperature of about 71 degrees F., larval
sea lampreys burrow out of, and leave, the nest 16 to 21 days after
the completion of spawning by the parent fish. . The greatest number
leave the nest on the 20th day. All of them, upon leaving the nest,
have completed their early developmental stages and are perfectly
formed but diminutive ammocoetes. Preliminary experiments indi-
cated that the production of larvae from these nests varied from
0.l percent to 1.1 percent of ‘the reproductive potential of the
female spawning in a given nest.:

These studies were made on the Ocqueoc River in June and July,
19L7. A site was selected in the lower river where a natural
spawning area was present. A wood-walled raceway was installed in
the stream across several small gravel bars and parallel to the
current (Figure 49). The enclosure was 12 feet long, 2.5 feet
high, and 3 feet wide. The upstream end of this pen was blocked
with copper screening having 20 meshes to the inch. A funnel of
the same screen material was installed at, and as an extension of,
the downstream end of the raceway. The mouth of a plankton tow net
was fitted to the spout of the screen funnel; the net was anchored
in an extended position. All seams, cracks, and joints were filled
with marine pitch and the walls of the raceway were carefully sealed
to the bettom. To the best of my knowledge, any larvae produced in
this raceway had no point of egress from the device except into the
trap of the plankton tow net (Figure 49).

In 1947, I succeeded in inducing two pairs of sea lampreys to
build nests and spawm on the natural stream bed inside of the ex-
perimental raceway. Except for a slight diminution of current due
to the head screen and the relative confining space of the raceway,
conditions were believed identical to those existing naturally
elsewhere in that area of the river. A third pair of lampreys,
spamming on a site of their own selection near the raceway, were
surrounded by a hardware cloth screen until they had completed their
activities and died. This coarse screen was then removed and one
of the screen material used in the raceway substituted for it. The
downstream end of this second enclosure was a funnel and trap iden-—
tical with that described for the larger, first one.

The time of completion of spawning was recorded in each case.
The females, which died very shortly after spawning, were recovered,
measured, and examined for residnal eggs. Twice daily thereafter,
the traps of the plankton tow nets were examined and when larvae
were present they were removed and preserved. Routine inspections
of the traps were continued for 20 days after the last larva was
captured. Water temperatures were recorded with a maximum~minimum
thermometer. During the period when development, hatching, and
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Figure }9.--Raceway used in Ocqueoc River to determine length of
" hatching period and production of larvae from the redds.
Left hand of attendant is on funnel from which plankton
net extends downstream.

departure from the nests were occuring (June 25-July 21), mean daily
water temperatures varied from 65.5 degrees F. to 75.5 degrees F,;
the average temperature for the period was about 71 degrees F.

Dally extremes ranged from 61 degrees F. to 79 degrees F.

Data obtdlned from each spawning pair and nest were as follows.

Nest No. 1 (in raceway):--Spawning was completed in this nest
on June 25, 19L7. The female, 16,7 inches in total length, had a
potential egg production of 56,600 eggs (estimated from a curve
based on egg production data which is presented elsewhere in this
study). The following numbers of larvae left the nest and were taken
in the trap on the following dates: 119 on July 1L, 469 on July 15,
and 3L on July 16; total--£22 individuals. The production of larvae
constituted 1.1 percent of the reproductive potential of the female,
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Nest No. 2 (in raceway):—Spawning was completed in this nest
on June 30, 19I7. The female, 17.0 inches long, had a potential
egg production of 58,700 eggs., The following numbers of larvae
left the nest and were taken in the trap on the following dates:

3 on July 18, 47 on July 19, 150 on July 20, and 22 on July 21;
total-—222 individuals. Larval production constituted 0.l percent
of the reproductive potential of the female.

Nest No. 3 (in small enclosure outside of raceway):--Spawning
was completed on June 30, 1SL47. The female, 15.0 inches long, had
a potential egg production of 16,050 eggs. The following numbers
of larvae left the nest and were trapped on the following dates:

1 on July 18, 109 on July 19, 204 on July 20, and 7 on July 21;
total--321 individuals. Larval production amounted to 0.7 percent
of the reproductive potential of this female.

The foregoing estimates of larval production, low as they
seem, may even be somewhat above the average production. Water
currents, slower than average at the experimental nesting sites,
probably did not sweep as many newly-extruded eggs over and beyond
the nest as often occurs. In addition, certain small fishes which
can and do prey upon extruded eggs during the spawning act were
excluded from the nesting sites.

Attempts to duplicate these experiments in 1948 were unsuc-—
cessful due to my inability to select a pair, both individuals of
which were ready to spawn on the same date. Until such time when
additional experiments are conducted, the larval production
figures presented must be considered only indicative of the pro-
ductivity of the species.

All recently-hatched larvae trapped from Nest No. 2 (222
individuals) were measured with an ocular micrometer in a com—
pound, binocular microscope. Micrometer measurements were con-
verted to millimeter units with the aid of a stage micrometer.

These larvae which had just burrowed out of, and left, the nest
ranged from 6.25 millimeters to 9.75 millimeters in total length

and averaged 8.5l millimeters long. Their average age, dating

from fertilization of the eggs, was 20 days. The distribution of
the lengths of these individuals is presented as a frequency polygon
in Figure 50.

Distribution in the Ocqueoc River, larval

habitats, and population densities

The upper third of the Ocqueoc River is a region of sluggish
currents, mucky bottoms, and considerable aquatic plant growth
(Figure 28, Zone 3). No spawning occurs here. The central third
of the watershed is characterized by long, continuous riffles of
rock; rubble, and gravel interspersed with shallow pools (Figure
28, Zone 2). The lower third, below the Ocqueoc Falls, is at first
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an area of short, gravel riffles alternating with deep, sandy

cr gilted pools. Continuing downstream, hard bottom types dis-
appear rapidly and most of this lower zone of the river has a
bottom of fine sands with occasional patches of gravel or exposed
clay substrate (Fipure 28, Zone 1). Sea larrrey spawning occurred
with equal intensity in the middle and lower thirds of the river;
in the former it was dispersed throughout the zone; in the latter,
it was concentrated in a short distance irmediately below the
zonal boundary (Ocqueoc Falls).

During 1947 and 1948, an intensive survey was rade of the
Ocqueoc River for areas occupled by larval lampreys. Thirty-seven
collecting stations encompassing all types of habitats were
risited one or more times each. Ammocoetes were found in bottom
materials from the beach line at the mouth of the estuary upstream
throughout the lower two-thirds of the watershed. They did not
occur above the highest point of spawning, 16.5 stream miles from
the mouth of the river (Figure 28, Station 2I).

Larval lampreys were found in greatest abundance where soft
bottom types occurred. Here they can evidently make their burrows
most easily and find the greatest abundance of the micro-organisms
upon which they feed. The greatest concentrations of all age
groups were present where at least four, or more, inches of black
muck or silt, with some small admixture of sand, had been deposited
by the current. These sites frequently contained much undecomposed
organic detritus (twigs, leaves, etc.). Such deposits were normal-
ly situated in backwaters, eddies, sloughs, or along the inside
cf bends in the river where sluggish currents or slack water ex-
isted (Figures 51, 52). Larvae were abundant in beds in these
locations, from the waters edge to depths of 3 1/2 feet (limit of
visibility in collecting with shocker).

Three areas occupied by numerous larvae, within the 2-mile
reach below the Ocqueoc Falls where the heaviest sea lamprey
spavning ocecurs, may be cited as examples. One was a slough,
formed in a quiet side channel around a small island in the river.
In the months of July and August, a 226-square-foot area of this
bed was found to contain 630 armocoetes older than young-of-the-
year or about 3 individuals per square foot. Young-of-the-year
lervae were present at the rate of 6 to 17 individuals per square
foot, averaging close to 1l per square foot.

Another area was a backwater along the bank of a swift flow-
ing pertion of the river (Figure 51). A 90-square-foot area of
this bed was shocked on two succeeding dates in the month of
October, 19L47. A total of 107 larvae older than young-of-the-year
wera removed. No effort was made tc collect the younger specimens
but their concentration was estimated to average at least 10 irdi-
viduals per square foot.
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Figure 51.--Backwater along the bank of the lower Ocqueoc River, A
high concentration of ammocoetes was present in this bed,
The bottom type was of muck and silt containing much organic
debris.

Figure 52.--Eddy along the margin of a deep gravel-bottomed pool in
the lower Ocqueoc River. Muck and silt deposits as much
as 1 1/2 feet deep harbored great numbers of lamprey larvae.
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The third area was a silt bank on the inside of a bend of
the river. The bed proper, consisting primarily of silt, muck,
and organic. debris, measured 3l feet long with an average width
of 2 1/2 feet; water depths ranged from 2 to 20 inches and the
bottom slcped at about a Lh5-degree ansle. One collection was
made with the electric shocker in the month of October, and 251
ammocoetes older than young-of-the-year were removed from this
area of 85 square feet. Concentrations of young-cf-the-year
were estimated at about 8 per square foot.

The silted bottoms of pools as deep as 7 1/2 feet were found
to contain fairly abundant populations as evidenced by Petersen
dredge samples. Where cold, spring feeders (or spring seepages)
drain into the head of silted or muck bottom sloughs, larval popu-
lations are small or absent. Aquatic vegetation is sparse in the
lower two—thirds of the Ocqueoc River where ammocoetes occur,

Those plants which were present where collections were made were
predominantly Najas flexilis, Potamogeton epihydrus, and species

of Sagittaria. %Eere small patches of these grew in a given larval
bed the concentration of individuals was greatest.

Bottom deposits of more nearly equal mixtures of fine sand
and silt, where they occur in quieter waters, contain heavy sea-
sonal concentrations of young-of-the-year larvae but few if any
of the larger and older age groups. By the late autumn or early
spring of their first year of life, most of the young-of-the-year
have dispersed to other areas, generally those with more mucky
bottoms. Sandy sites, usually occurring at stream bends, below
islands, or even in midstream are shifting and unstable in char-—
acter; this apparently discourages permanent occupancy.

One sandy area in the Ocqueoc River was examined repeatedly
over several seasons. TIhis bed was situated on the inside of a
bend in the river below a gravel spawning riffle. The current
passing over it was slow or sluggish; the bed was 8l feet long
and averaged 5 feet wide; maximum depth was 12 inches at mean
water levels. In August, 1947, this bed was found to have an
average content per square foot of 9 young-of-the-year (range:
3 to 12 individuals per square foot), and 1 larva of a larger
(and older) size group, usually a member of age group I (33-59
millimeters in total length). Twenty feet below this bed was the
quiet, muck-bottomed slough in a side chamnel of the river de-
scribed in a preceding paragraph. Nearly simultaneous collections
from this side channel displayed an equivalent concentration of
your.g-of-the-year but a far greater proportion of the larger size
groups. The distribution of sizes of larvae taken in both loca-
tions in August, 1947, is illustrated in Figure 53 (Figure 53 is
an inaccurate representation of the proportion of sizes present
because only a few of the young-of-the-year in the side chamnel,
Station 3, seen to be disturbed by the shocker, were collected
ard measured on this date).
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Figure 53.--Distribution of the sizes of larvae taken from two beds
of differing characteristics in the Ocqueoc River:

Upper histogram.--Larvae taken from a silted and muck-bottomed
channel. The stream bed here is relatively stable from year to
year, Young-of-the-year larvae were equally abundant at this sta-
tion as in the following but were not deliberately collected and
measured. A few are represented to show the size range of this age

Eroup.

Lower histogram.--Larvae taken from a bed of mixed silt and
sand situated on the inside of a bend in the river and just above
the station for which data is presented in the upper histogram.
This bed is unstable in character, changing its conformity each year
with flood conditions. The young-of=-the-year, represented by the
most left-hand distribution, were twice as numerous as indicated; the
scale of their occurrence was halved to render the diagrams more com-

pact.
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In May of the following year (19L8), prior to the spawning
season, the concentration of "yearlings" was considerably re-
duced and the larger and older larvae were quite scarce in the
long bed of sand and silt (Station 2). The conformity of the bed
itself had changed considerably as a result of the spring floods.
Much greater numbers of the ™yearlings", and nearly all of the
larger (and older) individuals in the area were found in the
nearby soft-bottomed chamnel (Station 3). ,Collections made in
the sumer of 1948, immediately after the spawning season,..dis-~
played a restoration of the concentrations by 'size and age of the
larvae in these two types of beds.

These unstable habitats, under the impact of stream flood
conditionsi are. evidently responsible for the dispersal of larvae
not only into moére suitable areas nearby but also throughout the
entire lower watershed. - Ammocoetes are present in the sandy bot-
toms of long reaches of the lower river in greater numbers than
could be produced in the limited spawning areas present there.
They were found to be present in the sandy fan in Ocqueoc Lake
where the river empties into that body of water. This site is
several miles below the nearest spawning riffle.

Within that portion of the river where ammocoetes occur most
abundantly, a few larvae could be found in almost every location
where the bottom permitted burrowing. Pockets of silt and sand
between rocks and behind obstructions provided such locations.
Below spawning areas, some larvae of all sizes were found in pre-
cipitous, muddy stream banks adjoining areas of swift currents in
the stream proper. Areas of fine, compacted sands and ones of
gravel occasionally harbored a few young-of-the-year. In late
summer and fall, some of the largést larvae and partly transformed
sea lampreys take up quarters in many midstream locations im bur-
rows dug in sand amid. the gravel and rubble of the stream channel
proper.  Such individuals apparently make: a change from their
customary larval habitat for an unknown reason. '

Habits and behavior

Larvae of the sea lamprey, when ready to leave the nest,
work their way out of the sand in which the eggs were imbedded,
(in the interstices of the gravel forming the downstream rim of
the nest) and enter the current. In spite of violent wriggling
novements, they are generally no match for the currents prevalent
in spawning riffles and are consequently swept downstream. When
they sre carried into backwaters, eddies, or deep pools where
sluggish currents or slack water prevail they suddenly dive for
the bottom. Such locations generally possess bottoms of silt into
which the larvae rapidly burrow. Young-of-the-year ammocoetes of
the sea lamprey when released in the quiet water of an aquarium
dove immediately for the bottom without apparent regard for the
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consistency of the material there. Those that swam head-on into
a chip or stone lay stunned for a time before wriggling about
again in apparent search of soft bottom material. When this was
found they immediately burrowed into it.

Larger ammocoetes, disturbed by the electric shocker and
allowed to drift downstream, swam aimlessly with the current until
sluggish or slack water was reached. Here they dove to the bottom
and burrowed into it if its consistency was suitable. Since all
of these larvae are quite blind it would seem that the diving and
burrowing behaviorisms are primarily reactions to sluggish currents
or slack water. In responding thus, they are automatically guided
to optimum habitats.

A1l sizes of larvae burrow into soft bottom materials with
great rapidity. Body motion in burrowing is a rapid undulation
with the posterior third of the trunk describing a figure-eight
motion. In somewhat compacted bottoms, such as those of fire
sand, the larvae often rest several times before burrowing com-
pletely out of sight.

In the Ocqueoc River, young-of-the-year up to a length of 20
millimeters seldom burrowed more than 1/2-inch below the surface
of the bottom. In aquaria, specimens 31 to L1 millimeters long
seldom went more than 1 1/L inches below the surface; the usual
range was 3/l to 1 inch. Larvae 50 to 90 millimeters in length
generally tunnelled 2 to 3 inches into the bottom, the depth in this
size group increasing with the size of the larvae. Larger indivi-
duals, 100 to 160 millimeters long, burrowed as deep as 5 inches.
While excavating a silt bank in the Ocqueoc River, I discovered that
some of the largest ammocoetes (130 to 160 mm.) may retreat to
depths of 6 inches where bottom deposits are particularly soft.

Aquarium observations were made in.running water aquaria in
which an optimum bottom type, a heavy black muck, had been placed.
About 70 ammocoetes of varying sizes were kept in these tanks for
one- to four-week periods. When sand was substituted for the
muck, the depth to which all sizes of larvae burrowed was appre-
clably less. If several inches of muck was present over sand,
the larger subjects would cease burrowing downward upon reaching
the sandy layer and would turn toward the surface.

The burrows in which the ammocoetes live are generally quite
ill-defined. This is probably due to the unstable nature of the
medium in which they are made. As a rule, these burrows are
crescent— or broadly "U"-ghaped (Figure 54).

 Presumably the larvae must come to the surface of the bottom
in order to feed. In the stomachs of young Entosphenus, Creaser
and Hann (1929) found aquatic micro-organisms which are especially
abundant in the thin surface layer of debris on the bottom. Such
organisms are not present below this layer. When ready to feed,

- 16 -



*snqeaedde asasTs
£3T woay SnqTa3ep pei=Tnumooe Juryredxs ST TENDPTATPUT JUQ
‘sMoaang sTeyy ut Jutpesy ao Jutysea eTaenbe UOT309S=UTY] UT

PIAL35Q0 auaM fLoys s sheidue| Teadel JO Yo333)s eq1soduon=-=*ng aandtg

e

.
t .
Ll

.

LTI

PR

S3IHONI



the ammocoete squirms upward in its burrow until the oral hood-

is at or near the surface of the bottom (Figure 54). Here it

may lie for long periods of time, the branchial area expandlng
and contracting as water i1s pumped in and out for respiratory

and feeding purposes. Water is brought in through the oral .hood
and expelled through the gill openings. Pumping action into the
oral hood is easily discernible by following bits of detritus
suspended near the bottom as they are drawn into the hood. 'Micro-
scopic organisms are drawn into the hood on the water currents.
At least some of these organisms are separated out from the
detritus by the sieve apparatus (anterior to the pharynx) and
passed to the intestine for digestion (Gage, 1928). Periodically,
the detritus accumulated on the sieve is blown out. The larva

is seen to expand its branchial region, the gill openings close,
and with a rapid, convulsive movement of that region and the head,
a cloud of small particles is ejected from the hood. Typical
pumping is resumed at once. Occasionally an individual will pro-
trude its entire branchial region from the burrow during these
activities; larvae of northern brook lampreys also do this (Leach,
1940). At irregular intervals, the ammocoetes retreat to the
depths of their burrows for varying periods.

Similar observations of larval habits in aquaria were made
by Gage (1928). He used ammocoetes of the sea lamprey from Cayuga
Lake, New York. Our observations agree very closely.

Aquariun observations make it easily understandable why lam-
prey larvae are seldom observed in their "beds" in a stream. The
vibrations set up by footsteps across the floor of a wooden
building caused all aguarium-held specimens to retreat from the
surface into the depths of their burrows. After several minutes,
if all remained quiet, they returned to the surface again and re-
suned feeding. Along a stream, footsteps on the bank or in the
stream bed undoubtedly also cause the retreat of larvae. For this
reason, individuals of this life history stage are seldom seen,
even by careful observers, in their natural surroundings.

Size of larvae and estimated length of larval life

My estimate of the length of the larval life of the sea lam-
prey is based upon analyses of the distribution of sizes of spe-
cimens taken in various seasons of the year. With the exception
of age-group O which is positively identified, the length data
assigned to older age—groups is subjective. They are valid only .
if I have correctly interpreted the age-groups present in the
several collections.

Since the sea lamprey has a single spgwning season each year,
the ages of the larvae in any single collectlon, made over a
short period of time, should vary by annual increments. Presumably
then, if the ammocoete collection exhibits definite size classes,
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these may be taken to represent age-groups. Where any given
size class is represented by a distinct mode in a length-fre-
gquency distribution, and this mode can be identified in later
collections made over an extended period of time, the validity
of this association and the identity of the assigned age group
is further substantiated. Several investigators have attempted
this method of age analysis with the larvae of other species
and have met with varying degrees of success: their results
have sometimes been disputed by other workers. Gage (1928)
using this method with a "limited series" of larvae of the lake
lamprey (Petromyzon marinus) estimated the length of the larval
1life to be not less than four, and probably five years.

For the purposes of this phase of my study, extensive col-
lections of ammocoetes were made in the Ocqueoc River in August,
1947 (1,384 specimens). All of these collections were made in
a restricted area of the river in relatively similar habitats so
that growth differences arising from habitats of varying suita-
bility would be at a minimum,

The first collection in August, 1947, indicated a discontin-
ucus size distribution wherein the range in size of the young=~of-
the-year (age-group O, 11.0 to 21.0 mm.) did not overlap with the
next size class. PFurthermore, the mode representing the latter
group (L5.0 mm.) was very distinct (Figure 55 and Appendix H,
Table 1), This size class, termed age-group I, ranged from 31 %o
about 59 millimeters. That the size class designated as young-
of~-the—year was actually composed of age-group O was established
by following the growth, month by month, of newly-hatched larvae
through their first growing season (Figure 56 and Appendix H,
Table 2). The balance of the distribution (59.0 mm. to 151.0 mi. )
was continuous with the mode representing age-group I; other modes
which might represent older age-groups were obscure. However,
the configuration of the frequency polygon and the total size
range involved suggested very strongly that at least two additional
age~groups (II and III) might be present in the series.

A second collection, made in October, 1947, gave a length-
frequency distribution very similar in character to that obtainec
for the August series; it differed in that the modes and size
~ass limits had, in general, moved somewhat to the right indi-
ting the growth attained in the 60-day interval between collec-

A

ons (Tigure 55 and Appendix H, Table 1). The identity of age-
ups 0 and I was substantiated by this second series. The

ance of the distribution was again continuous with the mode
resenting age—group I. Distinct modes which might indicate
itional age groups were lacking except for a pronounced peak al
101 millimeters. However, consldering the range in length that
may be accredited to age-group I (37.0 mm. to 65.0 (?) mm.) in
this collection and the size range of the balance of the series
(65.0 {?) mm. to 163.0 rm.) it was still evident that at least two,
and probably not more than two, additional age groups were present
in the material.
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Figure 56.--Minimum, average, and maximum length of youngeof-the-year sea lamprey
ammocoetes collected at intervals during their first season of growth, .
An average growth curve has been fitted by inspection to the mean lengths
of the individual collections. The range and average size of newly=~hatched
larvae is also shown projected over the period when the bulk of hatching
OCCUrs.
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Data presented in following sections indicate that newly-
transformed sea lampreys migrate downstream during the late fall,
winter, and early spring months. Consequently, the age group
which these migrants represent would be absent from spring col-
lections made immediately after the termination of the downstream
migration. To illustrate the size range of this departing age
group, a length-frequency distribution of a random sample of 749
newly-transformed, downstream migrants is interpolated in Figure 55.
These migrant juveniles were taken in the Ocqueoc River between
November 1, 1948, and March 20, 1549; they ranged from 111 to 193
millimeters and averaged 136.l millimeters in total length. TYoung-
of-the-year (age group 0) would likewise be absent since spawning
would not yet have occurred. Further, if age-groups O and I of
the preceding year are identifiable as age-groups I and IT of this
new calendar year of growth, the existence of additional age-
groups may be more readily determined.

The third large collection, made in May, 1948, revealed a
continuous length—frequency distribution (Figure 55 and Appendix H,
Table 1). A pronounced size group from 23.0 to L43.0 (?) milli-
meters (mode: 31 rm.) clearly represents the new age-group I (age-
group O of the preceding year). Quite distinct from this size
group of "yearlings" is a second, somewhat bimodal hump (L3.0 to
83.0 (?) mm.) in the curve which is judged to represent the new
age~group II (I of preceding year). A third hump in the curve
bearing no distinct mode completes the distribution (83.0 (2) to
171.0 mm, ).

If the presence of age-groups I and II in the May collection
is accepted at the size ranges indicated (23.0 to L43.0 mm. and
L3.0 to 83.0 mr.) and the range (111.0 to 193 mm.) and mean size
(136.4 mn.) of the most recently departed age group is considered,
it seems unlikely that more than one additional age group, age
group III, is present in this series.

No allowance was made in examining the length-frequency poly-
gons for any sexual dimorphism in length which might create a
bi-modality in the size class comprising a given age group; none
was present among the adults studied, hence, it was presumed that
none would be present among the larvae.

Based solely on these interpretations of the length frequency
distributions, I propose that only three age-groups (I-III) are
typically represented in the spring months. Following the annval
addition of young-of-the-year, four groups (0-III) are present
until the downstream migration of the oldest and transformed age
group begins late in the following fall. My estimates of the
length of the larval life are based on this evaluation of the
data.
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It is estimated that the length of the larval life, includ-
ing the period when transformation is occurring, varies from
L1 to 47 months; or, for practical considerations, is four years.
This is predicated on the peak of hatching occurring during the
the month of June and the fact that newly-transformed sea lam-
preys leave the mud-banks to migrate downstream from November to
April of the following year. Since the greatest downstream migra-
tion usually occurs in the month of March, it would seem that the
majority of individuals are about lj6 months old at the time of
migration.

The possibility has not been considered in the preceding
estimates that after attaining full growth, the larvae may enter
a rest period for one year before transformation begins. Gage
(1928) believed that larvae of the lake lamprey passed through
this 12-month rest period. He based this belief on the behavior
(time of transformation) of some aquarium held specimens and the
fact that he frequently found larvae "as long or longer than
many transforming ones any month in the year®.

Although T have never found a larva as large as the largest,
newly-transformed sea lamprey, many larvae in my series are as
large as many of the transformed individuals. The distribution
of sizes in my May series of ammocoetes indicated the presence
of many individuals still in the river in the spring which were
as large as the bulk of newly-transformed individuals leaving
the mudbanks during the preceding winter months. This would tend
to substantiate Gage's contention. I have no experimental evi-
dence for this species in Michigan waters which would indicate
whether this rest period does occur. Until such time as this
evidence is obtained, the possibility must be considered that a
12-month rest period should be added to my estimate of the length
of the larval life.

Transformation of larvae into parasitic adults

A detailed description of metamorphosis in Petromyzon marinus
has been presented by Gage (1928). Very profound anatomical
charges take place which adapt the adult for its free-swimming,
parasitic existence. The most obvious external features of this
change are as follows: (1) the U-shaped, hooded projections around
the mouth of the larvae fuse ventrally and develop into the cir-
cular sucking-disc of the adult; the sieve apparatus of the larvae
disappears; replacing it in the throat is a file-like tongue armed
with horny teeth; numerous horny teeth appear also upon the circu-
lar sucking-disc (see frontispiece); (2) the deeply imbedded, rudi-
mentary eye appears at the surface and develops into a highly func-
tional organ which is one of the most distinctive features of the
newly-transformed adult; (3) body color changes from the various
shades of brown of the larvae to a light blue-gray dorsally and a
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silvery-white ventrally in the transformed individual; and, (1)
the height of both dorsal fins becomes more pronounced. I have
‘taken sea lampreys in advanced stages of transformation (for

the external characters described) in larval beds in the Ocqueoc
River during the latter half of the month of August. No such
individuals were found in collections made during May and June.
I deduce from this that some individuals probably begin the
metamcrphosis cof these externally visible characters as early as
the July preceding the winter when they will leave the silt beds.
Transforming individuals were taken in all collections made from
October to January; with each succeeding month of this peried
the frequency of their occurrence increased.

As early as October 17 (in 1947), I collected several sea
lampreys from a silt bed which, on gross examination, appeared
completely transformed; subsequently, additional individuals in
this condition were taken from burrows. These data suggest that
the metamorphosis of gross external features requires at least
three and one-half months during which it is highly unlikely that
the individual is capable of feeding. I do not know whether the
onset of internal changes precedes the visible external changes
in the ses lamprey. Should this occur, then it is likely that
the minimum period of metamorphosis and the period when no feed-
‘ing takes place would be of greater duration.

IX. Downstream movement of recently-transformed adults

Methods of study

At the inception of these investigations, some uncertainty
existed zs tc precisely when the downstream movement of recently-
transformed, adult sea lampreys occurred. Furthermore, ecologircal
factors influencing these movements were unknown. Occasional field
observations and studies of larval populations suggested that thiz
movement took place during the winter and/or spring months. In
order to obtain more precise information as to this phase of the
sea lamprey's life cycle;, two trapping devices of radically diffexr-
ent desipgn were operated in the Ocqueoc River, Presque Isle Counvy.
and the Carp Lake River, Emmet County, during 1948 and 1949.

(l) The Ocquenc River weir and trap for newly

transformed lampreys

A dsscription of the design of the Ocqueoc River weir and
traps has been presented in a preceding section (Pages 28-30).
Irn order te trap the ycung sea lampreys moving downstream, framed
sections of 3/16-inch mesh screen (hardware cloth) were set on
the upstream face of the grates of the weir (Figure 57); Screens
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\Figure 57.=-~Ocqueoc River sea lamprey weir and traps. Lateral
view showing fine-mesh screens in place for trapping
downstream migrants, February, 1949.

of the same mesh blockaded the upstream grates of the upstream
traps and lined the downstream grate of the downstream trap; the
funnel of the downstream trap was made of the same material. All
screen sections were anchored firmly in place and all cracks,
joints, or other possible points of escapement in the entire
structure were caulked with oakum. To the best of my knowledge

the structure was entirely lamprey-tight during the period of oper-
ation reported upon here,

The welr and trap was placed in effective operation on October
23, 1948, and was in continual operation with daily attendance un=-
til March 20, 19L9 (Figures 57-58). During that period 1,LOL newly-
transformed sea lampreys were taken as they moved downstream. On
March 20, operation of the weir for this purpose was discontinued
due to failures in the supporting structure, Severe storms pre-
vented the servicing of the weir and removal of captives on only
three days during the winter. Otherwise, the presence of snow and
ice, even at subzero temperatures, did not hamper seriously its
operation although the attendant was frequently very uncomfortable
(Figure 58). All sea lampreys taken were preserved in 10 percent
formalin; their number, air and water temperatures, weather con=-
ditions, and water level gauge readings were recorded for each day.

- 155 =



Figure 58.--Ocqueoc River sea lamprey weir and traps during opera-
tion in winter months. February, 1949. (View from
downstream.)

(2) The Carp Lake River dam and inclined-screen-trap

for newly-metamorphosed sea lampreys

The Carp Lake River, Emmet County, drains into the Straits of
Mackinaw on its southwest shore. The Carp Lake River proper, about
9 miles of stream course, arises in Carp Lake which is 1,823 acres
in extent. One small tributary, Mud Creek, drains into Carp Lake.

A moderately large sea lamprey spawning run was observed in
this river in 1947 and extensive spawning activity was noted. This
fact plus extensive areas of suitable larval habitat suggested that
the potential stock of downstream migrants might be large enough
to justify the construction of a trapping device. Subsequent oper-
ations indicated that the river was very productive of newly-~
transformed sea lampreys.

The trapping device selected for this experiment required the
construction of a dam. The lowest suitable site for this dam was-
about 1,500 feet above the mouth of the river; the stream was 32
feet wide at this point; very little spawning occurred below this
site in 1947.
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During the period January-May, 1948, a wooden dam, 60 feet
wide and 5 1/2 feet high, was constructed on this location. The
wall of the dam was constructed of a double row of 2 inch by
6 inch tongue and groove planks supported by heavy, round, wooden
timbers. A spillway, 15 1/2 feet wide, 2 feet deep, and 9 1/2 feet
long carried the water passing over the dam (Figure 59). In addi=-
tion to appropriate bracing timbers, the dam wall was strengthened
by piling large rocks against the downstream side.

The trapping device was composed of a sloping screen and a
trap box.EQ/pThe former consisted of a 1 1/2 inch angle-iron frame,
15 1/2 feet long and 30 inches wide, over which two layers of wire
screen were stretched taut with a hydraulic jack; the lower layer
was of 1/2-inch mesh, heavy gauge hardware cloth (for support), and
the surface layer was of 18 mesh/inch copper screen. This screen

Figure 59,--Carp Lake River dam and inclined-screen-trap in opera=
tion during warmer months. June, 1948.

lg/ugfhnctional design adapted from plans provided by Mr. Philip Wolf
of Malmoe, Sweden.

- 157 -



unit was installed 6 inches below the lip of the spillway and in-
clined downward and downstréam at a 12-degree angle. An additional
unit, 12 inches wide, was added later to carry larger water volumes.
Below the lip of the screen and along its full width, a trap box
was built. This box measured 30 inches wide by 2L inches deep and
was lined with 1l; mesh/inch screen. The level of the floor of the
box was above normal water levels in the stream (Figure 59).

The device worked in this manner: All water passing over the
spillway fell almost vertically or at least at a sharp angle into
and through the screen. Algae, fine detritus, silt, etc., were
forced through the screen by the impact of the water. The slope of
the screen and the action of the water passing through it caused
all larger elements (sticks, twigs, leaves, fish, lampreys, snakes,
muskrats) coming dovmn on the current to be forced (or pushed) dowm~
stream, off the screen, whereupon they fell into the trap box. In
this regard, the screen itself was entirely self-cleaning and re-
quired little attention, Fish and lampreys accelerate their way
>ff the screen by wriggling or flopping movements. During the winter
sonths, ice did not form upon the inclined screen in such a manner
as would hamper its functioning as described above. The entire
device operated quite satisfactorily during long periods of bitterly
cold weather, with one modification. The trap box tended to become
heavily iced during freezing weather from the spray of the falling
water striking the stream bed below it. This box was removed and
im its place a simple wooden baffle plate (15 inches high) was
placed across the foot of the inclined screen (Figure 60). Only a
thin coat of ice formed on this baffle from day to day and it could
be removed; lampreys, fish, and detritus collected in a windrow atb
the base of the plate.

The dam and trap was inspected at least once, and usually
three times, each day by an attendant. Records were kept of ail
lampreys, fish, reptiles, and mammals taken in the trap. All lam-
preys taken, regardless of species or degree of development, were
preserved in 10 percent formalin for later examination. Air and
water temperatures were recorded dailly from maximum~ninirmm ther-
nemeters as were water level gauge readings and observations upon
+he weather and conditions prevailing in the watershed in general.

Time limits and character g£ the dowmstream movement

and factors affecting this migration

The downstream movement of recently-transformed sea lampreys
typically begins during the last week in October or the first
week in November, extends through the winter and early spring
months, and ends during the early part of April. A few scattered
migrants may precede or follow this general movenment. The migra-
tion is characterized by a lesser peak of activity in Novamber



Figure 60,--Carp Lake River dam and inclined-screen-trap in opera-
tion during winter months. Trap box has been removed
and replaced by a baffle across the foot of the
inclined screen, February, 1949,

and a period of greatest activity during late March and early April.
During the intervening winter months, at least a few come downstream
nearly every day; sudden minor spurts of activity may occur during
this winter period.

All increases in migratory activity appear to be associated
closely with rising water levels, Late fall rains with resultant
increases in volume of flow bring down the initial surge of newly-
transformed individuals. Flood conditions resulting from mid-
winter thaws are likewise accompanied by sudden increases in down-
stream movement in that season. The greatest peak of downstream
migration occurs on the rise and crest of the floods resulting from
the general spring break-up in late March or early April. For this
reason, the calendar dates of this migration will vary from year to
year and from one watershed to another according to existing cli-
matic conditions.
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Although nearly all of the downstream migration in both streams
studied (Ocqueoc and Carp Lake rivers) occurred after the mean daily
water temperature had fallen below 41,0 degrees F., there was no
evident relationship between changes in water temperature and the
amount of migratory activity.

In the Ocqueoc River in the 1948-1949 season, the first down-
stream migrant was taken at the weir on November 1, 19,83 scattered
individuals continued to reach the weir until November 20. On that
date and on November 22, rainstorms caused the first appreciable
increase in the river flow above the prevailing levels. Colnciden®
with this rise in water level came the first surge of downstream
movement (Figure 61 and Appendix I, Table 1). Frequent storms of _ -~
rain and of rapidly melting snow maintained this increased volume
of flow until December 8 when colder and more stable weather re-
duced the volume. Downstream movement was sustained during this .
period and fluctuated within it as the volume of flow varied; the
activity declined abruptly as water levels declined after December 8.
Thereafter, during the entire winter and early spring (to March 20), -
the run was minor and erratic. However, at least a few individuals
came domstream nearly every day. During the periods, January 16
to 2l and February 27 to March ), brief thaws and/or cold rains
caused temporary rises in water levels. These were accompanied by
small increases in the size of the dowmstream migration.

' On March 22, two days after trapping operations were terminated,
the Ocqueoc River began to rise as a result of the spring thaw and
breakup and attained its major spring flood levels during the suc-—
ceeding 22 days (to April 13). Between March 23 and 30, a varying
but very large number of young sea lampreys were observed passing
dowmstream during the daylight hours. These observations were made
by a work crew and by myself while repairing the weir structure.
The bulk of the downstream migration in this season (1948-1949) un-
doubtedly occurred during this 8-day period. Some downstrean mi-
grants were observed or were found caught somewhere on the weir
structure until April 13. Field observations in the Ocqueoc River
itself coupled with knowledge of the character of the Carp Lake
River run (subsequently described) suggest that, except for a few
scattered migrants, the downstream migration ended very shortly
zfter the latter date.

In the Carp Lake River in the 19L48-19L9 season, a single fully-
transformed sea lamprey came downstream into the trap on Qctober Ty
1948; two additional individuals were taken on QOctober 21 and 23.
Sustained dovmstream movement began on November 2, reached a sharp
peak on November 21, and subsided with ejqual rapidity. Some sppre-
~iable movement continued until December 9 (Figure 62 and Appendix

"I, Table 2). The early portiocn of this period was characterized by
rising water levels resulting from light rains and web snow. Heavy
rains from November 17 to 19 increased the volume of flow; tha
lcod crested on the nicht of November 20-21 and on that night a
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sudden surge of migrants appeared (3,467 individuals betwéen night-
fall and daylight). Subsiding water levels were accompanied by

" a decline in downstream migration until December 9. From this date
until March 22, l9h9, downstream movement was of a minor nature al-
though, as in the Ocqueoc River, at least a few individuals came
downstream on nearly every day during the interval. Between Jan-
uary 17 and 2k, cold rains increased the volume of flow in the
river. Most of this water was passed downstréam on top of the ice
which had covered nearly all of the river since mid-December. A
similar condition prevailed between February 23 and 27 as a result
of snow, sleet, rains, and a light thaw. Both of these brief in-
creases in volume of flow were accompanied by spurts of downstream
migratory activity (Figure 62 and Appendix I, Table 2).

Warm, thawing winds in the Carp Lake region from March 20 to
25 precipitated the spring break-up and severe flood conditions
were created in the watershed as snow and ice melted rapidly.
Water levels rose abruptly on March 22. On the same date and ac-
companying these conditions, the major downstream movement of
lampreys began (Figure 62). On March 26, the water overtopped the
dam and undercut one wing; the trap box was also destroyed. The
structure was not restored to full operating efficiency until
April 18. During the period March 26-April 3, a very great number
of downstream migrants was observed passing over the dam during
the daylight hours; migrants were most numerous between March 26
and 30. Some measure of the large size of this movement may be
deduced from the following incident. A small, dead space (air
space) existed between the lip of the spillway, the edge of the
inclined screen, and the closest point where the spilled water
struck the screen. This space, triangular in cross section, had
a base on the screen about 5 inches wide. On March 26, 2l hours
after the flood over-topped the dam, access was gained to a 30-
inch length of this air space. We removed 61l sea lampreys from
this limited area. It was also determined visually that an equiva-
lent concentration was trapped beneath the entire lip of the spill-
way. It is estimated, therefore, that between 3,000 and L,000
migrants had accumulated in this small air pocket in the first 2l
hours after the trap had been rendered inoperative.

A few migrants were observed passing downstream during day-
light hours between April 3 and 10; thereafter, none were seen.
Water levels declined during this period and on April 18, when thé
trap was again operative, they had receded to about mean spring
levels. Between April 19 and 23, seven individuals came downstreanm.
From the latter date until June 30, when these records terminate,
no others appeared.

In both rivers, the initial surge of downstream movement in
November occurred during declining water temperatures and when the
latter were generally at daily means of L1 degrees I'. or lower,
Midwinter increases in migration occurred at water temperatures
which were stabilized at, or very close to, 32.0 degrees F. The
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greatest movement, in late March and early April occurred during
rising water temperatures and almost entirely at daily means
below L1 degrees F. (Figures 61-62 and Appendix I, Tables 1 and
2). There is no evident relationship between fluctuations in
water temperature and the amount of migratory activity in any
season. Furthermore, I do not believe that mean temperature levels
below }j1 degrees F. are a critical factor influencing the down-
stream movement. It appears, rather, that such temperatures are
coincidental with that season when the lampreys have attained full
trarsformation and are ready to move downstream. All evidence
accumulated thus far indicates that the stimulus for this movement
is primarily provided by sudden increases in the stream's volume
cf flow,

Length composition of downstream runs, and

weight of downstream migrants

All of the recently-transformed sea lampreys taken on every
other day in both rivers were measured for total length; some ad-~
ditional samples were also measured. This dimension was taken to
the nearest millimeter on a measuring board. In all, 2,482 indi-
viduals from the Carp Lake River and 7h9 specimens from the Ocqueoc
River were examined. Fully-transformed downstream migrants from
the Ocgueoc River ranged from 111 to 193 millimeters in length
and averaged 136.l millimeters (& equals 11.5 mm.) (4.3 to 7.6
inches; meaning 5.4 inches); those from Carp Lake River ranged from
95 tc 189 millimeters and averaged 143.6 millimeters (J equals 10.8 mm.)
(3.7 to 7.l inches; mean-5.7 inches). An examination of the length
composition of each entire sample indicates a uni-modal distribution
of lengths, and, for the Carp Lake River sample which was the most
comprehensive of the two, the frequency polygon is quite symmetrical;
that for the Ocqueoc River is skewed somewhat to the left. There is
no indication of any sexual dimorphism in length at this phase of
the life cycle insofar as it might be expressed in a bi-modality, or
in an irregular "flattening", of the length-~frequency polygons
(these data for the Ocqueoc River sea lampreys are interpolated in
Figure 55; those for the Carp lake River are presented in Figure 63;
combined data incorporated in Appendix I, Table 3).

The difference in average length (and conformity of length--
frequency polygons) of the two samples is attributed to a differ-
ential migration by size during the period of downstream movement.
The smallest individuals came downstream in the fall. A generzl in-
crease occurred in the average total length of the samples taken
during the winter months. These average lengths were greatest, as
a rule, during the late winter and in the early spring when the peak
migratory activity occurred (Appendix I, Table 1). Xo collections

f the major downstream movement in the Ocqueoc River (in the spring)
were obtained. I attribute the lesser average length of specimens
from this river and the asymmetry (left skewness) of the length-
frequency polygon for the total collection (Figure 55) to the absence
of such samples. '
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From among those samples examined for length, one complete
collection was taken at random and the weight of all individuals
was determined to the nearest tenth of a gram upon an Chaus diet-
ary scale. This sample consisted of 216 migrants taken in the
Carp Lake River trap on November 20, 1948. These individuals
varied from 2,3 grams to 8.l grams in weight and averaged L.l
grams; their total length ranged from 121 millimeters to 172
millimeters with a mean of 143.0 millimeters,

Observations on habits and behavior

One of the most striking characteristics of the downstream
movement of newly-transformed sea lampreys is the abruptness with
which large numbers of individuals suddenly leave the mudbanks and
move downstream. Under the impetus of rising waters, a virtual
emergence takes place and hordes of the new adults travel down-
stream on the rise and crest of the floodwaters. This surge of
movement downstream frequently ends as suddenly as it began.

Most of the individuals observed in migration displayed little
deliberate effort towards accelerating their passage downstream.
Such swimming activities as they affected in a downstream direction
were casual and intermittent; some were seen to be drifting tail-
first upon occasion. The whole movement downstream is character-
istically passive on the part of the sea lamprey, The celerity with
which these emergences of transformed individuals travel down to
the lakes must therefore be attributed to the increased volume and
velocity of the stream when such movements occur.

Field observations and laboratory examinations indicate that
very few young sea lampreys attempt to feed while passing down-
stream to the "big" lakes. An exception to this occurs, of course,
in those watersheds where large, inland lakes provide conditions
suitable for the parasitic phase; at least two such lakes occur
in Michigan. Where smaller inland lakes interrupt the downstream
journey, the migrants apparently pass through such waters without
attacking the resident fish species. For example, each year many
thousands of recently-transformed adults pass through Ocqueoc Lake
on their way down the Ocqueoc River to Lake Huron. Since 1947,
many fish taken in all seasons of the year from this lake have been
examined and none have borne scars that could be attributed to down-
stream migrants. Furthermore, the digestive tracts of 216 recently-
transformed individuals taken on November 20, 1948, in the Carp
Lake River trap were opened and none showed any evidence of having
attempted their initial feeding after transformation (length and
weight data for this sample presented in a preceding section).

Were it habitual for young migrants to begin feeding before

reaching the big lakes, many reports would have been forthcoming
of resident stream fish bearing young sea lampreys or their scars.
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Those few reports that were received were traceable to the para-
sitic activities of native species of lampreys or to sea lampreys
carried on fish that had migrated into a stream from a large body
of water. '

Several exceptions have been noted, however. On May 12, 1918,
I examined a 5.0-inch, recently-transformed sea lamprey which was
taken from a rainbow trout caught in the Ocqueoc River about 5
miles above its estuary. Shetter (1945) mentions four young sea
lampreys being found on a rainbow trout caught on July 6, 1945, in
the downstream trap of a weir in the Ocqueoc River. Gage (1928)
reported that lake lampreys, kept in aquaria through their trans-
formation, attacked fish immediately after leaving their burrows
in the tank bottom (my similar specimens did not feed until various
times after emergence, never immediately).

Those exceptions noted for a Michigan stream T attribute to
stragglers of the general downstream movement which did not find
their way out of the watershed immediately and/or to individuals
which had been to Lzke Huron once and rode back into the stream
attached to some fish. Instances of this latter phenomenon were
observed in 1949 when young sea lampreys were found on three occa-
sions attached to migrating white suckers taken in the upstream
trap of the Ocqueoc River weir.

Downstream movement of partially-transformed sea lampreys

and of other species of lampreys and fishes

Between June 1, 1948, and June 30, 1949, Lli partly-transformed
sea lampreys came downstream into the Carp Iake River trap. The
bulk of these were taken in late July and in the month of August
(Appendix I, Table lj). Considering the time of year at which these
individuals were taken, I believe their movement downstream may in
some way be related to the shift in stream habitat affected by
some of the larger larvae and transforming individuals of the sea
lamprey (see previous discussion of larval lampreys). In the same
13-month period, a small number of adults and partly-transformed
specimens of the silver lamprey were trapped, mostly during May
and June. A few larvae of this species drifted downstream in ali-
most every month of the year (Appendix I, Table ). Adults of the
American brook lamprey (197 individuals) were captured almost ex—
clusively from mid-April through the first week in June.

A total of 4,92 larval lampreys identifiable only as either
sea lampreys or American brook lampreys were taken in the Carp Lake
River trap. A few of these came downstream in nearly every month
of the year. The majority, however, were trapped in April and May.
Some partly-transformed American brook lampreys accompanying the
larvae and their coincident movement with that of the adult American
brook lampreys makes it seem probable that these larvae were pre-~
dominantly of that species.
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In the Ocqueoc River during the period of weir operation
(October 2, 1948, to March 20, 1949), no partly-transformed sea
lampreys were taken. TFour larvae of the silver lamprey were
trapped in November and December, 1948, and one adult of that
species, 9.9 inches long,was taken on January 20, 1949.

Other than the kinds and numbers of lampreys described, 7,119
fish of 21 species were taken in the Carp Lake River trap and 127
fish of seven species in the Ocqueoc River weir and trap during
the operation of these structures. Predominant species captured
in the Carp Lake River were CGreat Lakes longnose dace, common
shiners, and common white suckers; presumably all were returning
to Lake Michigan after spawning. Most fish trapped in the Ocqueoc
River were yellow perch (Perca flavescens) and immature common white
suckers. Very little downstream movement of these other species
of fishes occurred during those seasons when the recently-transformed
sea lampreys migrate downstream.

X. Investigations of the adult, parasitic phase of the

sea lamprey's life cycle

Methods of study

In 1947, 1948, and 1949, commercial fishermen and others co-

operated with me in obtaining parasitic, adult sea lampreys from
the Great Lakes for the purposes of securing information upon their
distribution and habits and to provide materials for estimating the
duration of the parasitic phase of the life cycle. In all, 335
specimens comprising 11l separate collections were obtained. Of

the total sample, 23 specimens were taken in 1947, 197 in 1918, and
135 in 1949. By location, 2Ll individuals were captured in Lake
Huron, 78 in the Straits of Mackinac, 23 in Lake Michigan, 1 in

Lake Superior, 3 in inland Burt and Mullet Lakes (Cheboygan County),
and 6 in the Ocqueoc River weir and trap. MNost lampreys taken were
captured in conjunction with commercial catches of whitefish
Soregonus c. clupeaformis), chubs (primarily leucichthys johannae
and others), white and redhorse suckers, and yellow perch. Other
spaecies taken to which lampreys were attached were (in order of
decreasing frequency): lake trout (Cristivomer n. nameycush), rafin-
bow trout, burbot (Lota lota macilosa), and northern channel catfish
(Ictalurus 1. lacustris). Trapnet fishermen accounted for 63.9 peo-
cent of the sample of lampreys; gillnet fishermen took 33.2 percent
during the open fishing season. The greater number taken by trapnei
fishermen is due primarily to the fact that I had a greater numbex
of contacts with fishermen using that type of gear than with thosze
fishing gillnets. The remaining 2.9 percent of the lampreys were
taken from fish caught by gillnet fishing through the ice, by
angling (trolling), and attached to migrating fish captured in the
Ocqueoc River weir and traps.
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Fishermen cooperating in this project were provided with col~
lecting jars containing a 10 percent formaldehyde solution.
Attached to these jars were tags requesting the followings inform-
ation: Date of capturs, specific locations of capture, main catch
where sea lampreys were taken or species to which attached, depth
at which nets were set, name of boat captain, ond the nase of the
vessel. These fishermen were visited regularly and frequently +with
the result that accurate collection data wers the rule »rather than
the exception. All specimens werc cxamined in the leboratory for
length, weight, and degree of maturity. Total lenzth wos obtained
to the nearest tenth of an inch using a measuring board; welght
was balanced to the nearest gram upon a Chatillon scale. Degree of
naturity was estimated Dy examination anl neasurement of the gonads.
The width and thickness of this single, median organ was measured
vo the nearest half-millimeter with dividers and a steel rule; the
point of measurement was always one-third of the length of the
gonad from its anterior tip.

Distribution in Lake Iuron and its

northern connecting waters

Sased upon data obtained with the samples from this lalke, and
upon repeated interviews with lishermen operating in these wators s
it is my observation that parasitic sea lamprers are oresent througli--
cut the length and breadth of the lake, that the parasitic popula-
tion 1g greabtest in the northern thrce-fourths of this water oy
ranze (fron the naighborhood of Zast Tawas, lMichigan, north), and
that the marirum concentration is present in threc contiguous arcas:
che northwestern extremity of Lake Puron, in the Straits of Mackinac R
and in the northeastern extension of Lake Michiran. A comparable
concenvration also seems to have developed in the waters of the
Detour Passage (Figure 6L).

Sea lampreys were recovered in Lake Huron at depths ranging
from 2.5 to 5h0 feet; they were cormonly found, depending on the
season, at depths of 10 feet to the maximum noted. The shallowest
zapture made was a sea lamprey vwhich was taken attached to a lNorth-
orn chamnel catfish caucht by gillnetting throush the ice over the
shoals in Saginaw Bay. Al the other extbreme, several individuals
wers capbured attached to chubs gillnetted at the depth indieated.

volal fishermen indicate that there is sons systematic change in
he bavhymetric distribution of sea lampreys at different times of
the year. During the months of May and June, chub fishermen, oper-—
ating in deeper waters of the lake (200 to 500 feet) encounter “ho
nost lompreys; inshore fishermen, trapping or netting for whitelish,
suckers, perch, etc., in the same season find relatively fewer
-ampreys.  Durdng the swmer months there is 2 general shift and
sca Jaupreys and lamprey-gcarred fish becons more abundant in the
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inshore fisheries. At the same time, chub fishermen are finding
proportionately fewer lampreys in the deeper waters. From Sep-
tember to December, the lampreys appear to concentrate in increas-
ing numbers in the bays, shoreline indentations, and shoaler
waters in general. Trapnet fishermen of northern Lake Huron,
operating in 10 to 50 feet of water, notice this particularly in
October; November, and early December when they suddenly begin

to take many lampreys and scarred fish among catches of suckers
and spawning whitefish (whitefish may not be taken in November
by law but the statement applies to both species in general for
the period noted); they did not make such abundant catches of
lampreys and scarred fish during the summer months. This concen~
tration of lampreys apparently remains in the shoaler waters
through the winter months, for when fishing is resumed again in
late March, great numbers of nearly-mature lampreys are found
congregated off the mouths and in the estuaries of the larger
rivers.

This shift of distribution is accompanied by a general in-
crease in the size and maturity of the sea lampreys which is
described in the following section. In view of the estimate of
the length and character of the parasitic cycle, also presented
subsequently; it appears that seasonal changes in the depth distri-

bution of the species takes the following pattern: initial dispersal

of recently-transformed adults migrating downstream in the fall,
winter. and early spring to all parts of the lake but primarily to
the deeper waters; these individuals shift generally to the inshore
waters during the late summer and concentrate in the bays and along
the shores during the fall and early winter; here they remain until
the following spring when they congregate specifically off, and in,
the mouths of rivers; as the spring progresses, these sea lampreys,
now mature; move into the streams to spawn and die. During the
winter and early spring of this latter period, a new group of re~
cently-transformed individuals has come downstream and dispersed
into the offshore waters of the lake.

Growth of parasitic sea lampreys and estimated

length of parasitic life

From the time they enter the lakes as recently-transformed,
parasitic adults, it now appears that sea lampreys may spend as
few as 12 months or as many as 20 months in these bodies of water
before returning to streams to spawn and die. Measured from the
mean date of downstream movement to the peak of the upstream
(spawning) migration, it is deduced that the mean length of the
parasitic phase is about 17 months; the majority of individuals,
however, probably spend only 1L to 15 months in this stage since
the greatest downstream migration occurs at the end of that period
of movement.,
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Strong evidence to support these contentions is found in an
examination of the size composition of collections of parasitic
sea lampreys taken from the Great Lakes in different months of the
year in relation to the size composition and periods of migration
of recently-transformed individuals downstream and sexually mature
sea lampreys (upstream). Bmpirical data collected in 1947, 1948,
and 19L9 were combined upon a scale of all; or part, of three
successive, hypothetical years for the purposes of estimating the
duration of the parasitic phase (Figure 65).

As shown, spawning runs of mature, adult sea lampreys gen-
erally entered streams from April 1 to June 30 of each year; the
peaks of these migrations occurred about the end of May. Indivi-
duals compeosing these spawning runs ranged from 11,0 inches to
23,1} inches and averaged about 17.1 inches in total length. Dur-
ing the early part of this period, two classes of individuals were
present in the lakes: (1) nearly-mature sea lampreys which were
about to enter streams to spawn and corresponded to spawning run
individuals in size, and, (2) sexually irmature sea lampreys which
averaged between 7 and 8 inches in total length and among which
none were as large as those in the preceding category (Figure 65,
Table 6). After the peak of spawning run activity, when nearly
all mature lampreys had entered streams; only the smaller size
group of immature individuals was found in the lakes.

The size composition of this latter group increased constantly
throughout the summer and fall., Their average length was approx-
imately 8 inches in June;, 10 inches in July, 12 1/2 inches in
August, 13 1/2 inches in September, 16 inches in October, 17 inches
in November, and slightly over 17 inches in December (Table 6).
Among all of these parasitic specimens, a comparable development
of the gcnad (degree of maturity implied) was found in &ll indivi-
duals collected on any particular date or within any short pericd
of time.

Data collected by means of weirs and traps demonstrated that
recently~transformed sea lampreys came downstream and entered the
lakes from aboub October 15 until April 15; a lesser peak of down-
gbream movement occurred in mid-November and a greater one at the
end of March in the following spring. These individuals ranged
from 3.8 inches to 7.6 inches in total length with a mean of 5.7
inches. During this period when the annual contribution to the
parasitic population was entering the lakes, the older adults al-
ready present had attained a size distribution comparable to that
of the sexually mature migrants which entered streams in the fol-~
lowing spring,

During the winter and early spring months these two groups,
distinct in bcth size and degree of maturity, were present and
showed little growth. With the advent of a new spring season,
the largest size group (mature specimens) was present briefly in
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the lakes until they had entered streams to spawn. Once again
only one size group, that of the smaller, immature individuals
which had just recently entered the lake, was present.

This interpretation of the data permits the generalization
that sea lampreys, migrating downstream to the Great Lakes as

- recently-metamorphosed individuals in the fall, winter, and

early spring of any given years A and B, may be expected to
return (as mature individuals) to streams to spamm and die in
the spring of year C. The shortest possible span of parasitic
existence would therefore be from the early spring of year B

to the same period in year C; the longest span from the fall
of year A to the early summer of year C (end of spawning migra-
tion). I believe that the great range in length and weight
noted for mature spawning migrants is attributable, at least

in part, to this potential variance in the length of the para-—
sitic existence within the time limits previously indicated.

Dymond, Hart, and Pritchard (1929) have presented length
data for a collection of parasitic sea lampreys taken in the
"autumn® in Lake Ontario. Two distinct size groups were present
in their material which correspond in length distribution to the
two groups present in my material collected in the same season.
The authors thought it possible that their smallest size group
reprezented individuals in their first season in the lake and the
larger group, individuals in their second season. In this parti-
cular interpretation, our data are mutually substantiating.
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Table 6, Number of specimens. minimum, average, and maximmm total length, and

minimum, average, and maximm weight of sexually immature sea lampreys talesn in
{Selected
samples utilized to determine average growth by months as plotted in Figure &7).

the Great Lakes proper in different calendar months of several years.

Total length VWeight
Date of Number of in inches in grams
actl Aver, Max, Min, Aver, Max,
June, 1947, 1948 32 5.5 8.2 11,6 5 21,0 51
July, 1947, 1948 17 6.7 0.0 15.5 7 4o.1 102
August, 1947, 1948 58 9.5 12,6 16.8 37 g0.4 193
September, 1948 32 9.9 13.6 20.4 35 1c3.2 307
October, 1948 4 13.6  16.0 19.3 67 152,6 260
Fovember, 1948 4 W7 16.7 18.5 97 in.; 229
December 1-5, 1948 51 12.¢  17.3 211 78 169.8% 53
April 24-30, 1949 21 4.9 7.5 9.1 7 15.9 28
Uay, 1949 39 6.U 8.1 10.3 10 18.6 uy
June, 1949 53 6.5 8.4 11.9 10 2.4 (7
July 1-10, 1949 6 9.0 10.6 12,8 24 47.0 86
Total 337

v Based on 21 specimens.
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Table 1,

APPENDIX A

sstimate of the size of the runm,

Spaming run
verified (V)
or reliabdly

Nase and location of etreams contalning migrating or spamning sea lampreys in 1947 and 1948 with an

Specific locatien opo R} i5: Eetimate of
Txidutary to County Strean of observations_ 1947 1GHE  size of pum
Upper Peninsula
(Region 1)
laXs Swerior Basia
Lal» Superior Alger Sucker River ™gY, R13W, S.4 .. v ?
lske Superior Luoe Two Hearted River TH0H, 89w, s.27 vee ?
Yhoitefish Bay Luce Tahquamenon River T4gN, R3¥, S.12 vee Uoderate ()
lake Superior MUarquette Chooolay River THEY, R2UW, 5,13 R ves ?
lek» Michigen Basin
Lake Michigan Alger ¥, Br.. Whitefish River T4sN, R22W, 5,12 v t
Thitefieh River Alger Dexter Creek m BR21W, S,3%2 e R ?
lake Uigkigan Alger Sturgeon River , mgw, (s.287) v vee Modarpie (1)
Little Bay De Xoc Delta Rapid River ™3, R2IW, 5,23 ¥ loderate
Ford Biver Dickinson N. Br., Yord River T4IN, R2gW, S.1 oo v "
Millecoquins River Ma dcinac Purlong Creek T43I¥, RIOW, S.8 v v MNoderate
Lake Michigan Mackinac Black River TUIN, ROV, S,1, 13 v Voderate (7
Laks ¥ichigan tackinac Brevoort River TH1.42N, RSW, S.11, 13 v ven ?
Lake Kichigan Hackinac Sucker Oreek TN, BUY, 8,10 v ver ?
Thitefish River Marquette Deer Creek TUUN, R23IW, 8,23 vee v Soom§ Y
Green Bay Menoniinee Menominee River maA, R277, S8.1 v ces large
3reen Bay Menominee Big Cedar River 378, R25W, 8,23 v 2
laks Michigan Schoolcraft Manistique River Paper mill dam, Manistique v laree
lake Michigan Schooloraft Thompson Creek TH1K, R16W, S.32 v v Sem1l
lake Michigan Sohoolcraft Johnson Creek THON, R16W, S.6 v ven Small
Leke Michigan Schooleraft Bursaw Creek ™ON, R16W, S5.23 v er Groal Y
lake Wichigan Schoolcraft Bulldog Creek 41N, R13W, S.4, 9 ] »
lake Huron Basin
Pins River Chippewa Trout Brook TulE, R3¥, S.17, 18 \ Small
St, Martin's Bay Mackinac Carp River THON, R3IW, 5,19 Y ¥  Uoderate (7)
Munuscong River Mackinac Taylor Creek 348, R1V, S.22 P v Small
Lower Peningula
{Reglon 2)
lake Michigen Pasin
Lake Micbigan Antrim Antrim Creek ™28, ROW, S,14 v vee ?
Lake Michigan Antrim Elx River Public service dam, Elk Rapids v A\ ?
laks Charlevoix Antrim Jorden River '1’31]([,)25!. S,31 and T3IN, RV, v v ?
8.(7
Lake Micbigan Antrim Kitchell Creek 7308, RQY, 3,22 v .o ?
lak» Michigan Bentie Platte River TZG}I;, R13¥, S.6 and T26N, v 4 large (?)
RluW, S.8
Leke Michigan Bengie Betsie River T25K, RISV, 8.2 v v Moderate (1)
lake Michigan Benzies Crystal lake Outlet T2RN, R15W, S.20, 29 ¥  Small
lake Charlevoix Charlevoix Loeb Creek 330, REW, 8,1 v eee Smll
lake Tharlevoix Charlevoix Porter Creek 338, BROW, 8,312 v cee Small
lake Charlevoix Charleveix Horton Creek T334, R6¥, S.6 v ees Small
lake Charlevoix Charlevoix Boyns River 321, BSW, 8.5 v Moderate
lake Michigan Charlevoix MoGeach Creek 338, BV, 8,(7) v ?
Carp Lake River Cheboygan Ml Creek ex, :ﬁ" s.20 v .o Small
Leke Michigen Emost Carp lake River ny, v, 8.29 v v Uoderate
Lake Miochigan Orand Traverse Boardman River Dam in Traverse Oity v v Yodsrate
2. Amm, Orend Orand Traverse Uitchsll Creek T27H, R1OVW, 8.7 A 4 ane ?
Traverss Bay
2. Arm, Orend Grand Traverse Aame Cresk 7288, RIOW, 8.3 \ cos ?
Traverse Bay
Lake Michigan Lake Pere Marquette River T18N, RILW, 8,29, 30 \ B
Pore Marquette R, Lake Baldwin Creek 7178, 137, 8,10 v ces
Pere Marquette R, Lake Little So, Br,, Pere 7178, 13w, 8,27 T ees
Marquette River large
Pere Marquette R, lake Uiddle Br,, Pere Ty, 2w, 8,10 . v
Marqustte River
Pere Marquette R, Mason So, Br,, Pers Marquette T1TN, RISV, 8,27 .os v
River
Lake Michigen Mason ¥o, Br., Linooln River 7198, RI6V, 8,13 v ees  Soall
lake Michigan Mason Oreat Sable River TM, R16W, 8,22 vee R '
Lake Michigan Manistee . Manigtee River 220, mihv, 8,36 Y Moderate
Uanistes River Manistee Big Bear Creek 720, mv, 8,29 Y Y  Moderate (1)
Manistee River Manistee Pine Oreek 1%, v, 8.8 . Y aee Small
la¥» Michigan Newaygo Mugkegon River Below g0 power dem, \ b
1, K3V, 8,24
Thite River Newayge So. Xr., White River nig, nuv, 5,30 ves T  Seall (7)
laks ¥ichigen Oocsana Stony Oresk TN, MV, 8,26 v ver  Small
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APPENDIX B
Dams which stop upstream migrations of

sea lampreys in Michigan

Region 1.

Menominee River

lenominee Lower Dam Number 1 in Menominee, lchigan; approxi-

mately 2.5 miles from mouth; built in 192L; concrete; 12-foot

head; spillwey 22 feet widej; fish ladder reported in operation
ir 1939.

Manistique River

Henistique Pulp and Paper IAill dam; about 1 mile from mouth;
concrete; 27-foot head; flow nasses through plant machinery;
apparently blocked from upper river by this structure. Low-
ever, sea lamprey spavmning formerly occurred in seepage chan-
nel alongside flume of dam, Lempreys reached this channel
via the "hot-pond® overflow and plant sewage disposal pipe.
Recent changes in this drain have apparently blocked the lam=—
prey from even this limited spawning area.

Region 2.

1

3
~

Cheboygan River

Michigan Public Service Company hydro-electric dam in Cheboygan,
Michigan; 3/h mile from mouth; built in 1868; wood and concrete;
1).5~foot head; flow through turbines or over spillway; fish
chute reportedly inoperative; ship lock present; believed a
harrier except when locks operated in spring months,

19
Av Sable River

Toote Dan (Consumers Power Company), T2h¥, ROE, Sections L-353
approximately 10 miles from mouth; built in 1917; concrates
389-foot head; spillway 72 feet side; flow throuch turbides or
over spillway; fish ladder present but inoperative; believed to
constitute barrier.

Elk River

lichigan Public Service Company power dam, Elk Rapids, kichigan:
1/10 mile from mouth; built in 1915 (reconstructed 1930) earth
construction; 10-foot head; 20-foot wide spillway; flow through
turbines or over spillway. No fish chute or ladder present;
believed to constitute barrier.
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ii

. Bcyne River
Boyne City Power Dam (Michigan Public Service Company), T32N,
RSW, Section 5; approximately 3-1/2 miles above Lake Charlevoix;
built in 1903; concrete and earth; 33~foot head; 22-foct wide
spillway; flow through turbines or over spillway; believed to
constitute barrier.

£. Boardman River
Three dams are present within 5-1/2 miles of the mouth of the
river, The first, a damaged rock and earth fill dam in Traverse
City, constitutes only a partial obstruction tc migration.
Either of two hydro-electric dams, T27N, R11W, Sections 27 and
3l are believed to constitute effective barriers.,

6. Betsie River
Homestead Dam, T25N, R1SW, Section 2 (Benzie County); approxi-
mately 7 miles from mouth; concrete; flow through turbines or
over spillway; fish chute present but reportedly inoperative;
believed to constitute barrier.

To Manistee River
Tippy Dam (Consumers Power Company), T22N, R13W, Section 31;
approximately 18 miles from mouth; built in 1917-18; earth dam
with concrete core wall; 56-foct head; 118-foot wide spillwsy:
filow through turbines or over spillway; fish ladder present but
reportedly inoperative; believad to constitube barrier.

8, Muskegon RivEr
Newaygo Power Dam (Consumers Power Company), T12N, R12W, Sec~
tion 19; approximately 30 miles above Muskegon Lake; built in
19005 concrete; 18~foot head; 96~foot wide spillway; flow
through turbines or (overflow) through flume at base of dam--
vaelceiby of flow very high in flume when opened; fish chutz
present, but reportedly inoperative; believed to conshtitute bar-
rier to migration.

Begion 3.

1. Kalamazoo River

Allegan City Power Dam; approximately 21 miles from mouth: ..t -
creta; 16-foot head; 132-foot wide spillway; flow through tur-
bines or (overflow) through drains at base--welocity of fluw ir
latter very high when open; fish ladder present, but inoperative;
believed to constitute barrier.
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iii

St. Joseph River

Power dam at Berrien Springs, Michigan (Indiana and Michigan
Electric Company); approximately 20 miles from mouth; built
in 1907; concrete; 23-foot head; 1L9-foot wide spillway; flow
through turbines or over spillway; inoperative fish ladder
cored into damj believed to constitute barrier.
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APPREDIX ©

Tabdle 1, Daily minimum, maxime, and mé.n water temperatures and water gause readinss for Carp Zreel: with atr
temperatures and wind and weather records for the locality: A4pril 15-July 20, 1947,

Vater tomperah):rc N . nngyi -
Degrees ¥, Water, Alr temperature rection
(e, : At vigit Time s ¥ Strensth and shift Yeather
e e 11, Light v
toril 12 10900700 38 38.5 39 38 13.058 1000 ag " "
17 0930 38 38.5 39 39 15,50 1000 " XV to W
8.0 39 39 17.25 1000 31 " v to SW Overcast
% o0 W 33'0 39 " v Clear
Y §Z e U 2 18.25 1600 o " w
20 1600 - 37 h4o.5 Wk uy 19.25 1700 45 Stronz XE Clear
21 0900 6 9.0 k2 4 19.50 0920 8 . NE to E Overcast
22 0900 0 30.5 L L1 20.50 0830 1 loderate E to S® L]
0830 40 L0,0 W 4o 18,00 0900 46 Lisht SE Bain
2 ko,5 L2 Y2 eee 0500 50 " v Clear
Yoo b2 Una 52 52 1800  ee.  en. " v
1630 45 L5 B2 ve. 0300 B2 " v Overcast
2 ooy M ued 3§ —en 0900 M2 loderate XE to MW  Heavy rain
(1’21 y 46.0 3‘2[ 47 Strong WaW Clear, cold
Z 1603 hz 1;6'5 4g 4g 1600 60 Moderate SW Clsar, warmsr
29 0900 48 480 ug ug ~.. 0930 68 Lisht  S¥ Overcast
30 0900 kg 51,0 KM 54 5 52 Moderate ENE Rain, cold
oee 2 st nE Overcast, cola
> ig l’g.g ll:; :8 vos 0??(.) .?. Mz:‘ RE to 2 Heavy rain
z 09090030 42 430 M 4 —ev 0930 Light E to8 Overcast, cool
g Ll l4'31.0 .os 0930 g: . Zto$ Overcast, warmer
B30 4t 7.0 % o8 - 0830 3: " v Ltght rain
2 %3 s 0 5 ug e 1100 Strong MW Snowflurries
T30 ué 33‘0 52 6 U1t I . MW to M Overcast
P10 {4 l&G.O 4o . 1130 0 » b1 ] Partly overoast
4 1833 3 .5 E.; 4o 19.50 1045 1 Moderate S¥ " "
lg 30 31 33.5 hg Ly 18, 1230 60 Light sw " "
% ) 50 17.00 0815 50 " 8Y to 8 " .
B o Z: 51.0 52 52 16.00 o8l5 67 " sy Overcast, warm
r o 20 16,00 0845 U1 " o] Ratin, cold
N W s 33 E? 16.50 0900 kg " x Clear, cold
: 2 A 8.0 52 16'50 0930 57 " EtoW Overcast, warmer
e I B £ 54 16,00 0930 58 " L Partly overcast, warm
P ole BB L 5 15.50 5 &5 " E Ovorcast, wam
ol 3% 5 15,00 1000 63 " z Clear, warm
18 1030 52 Zg'o 22 &1 3 '75 0915 73 " sE Overcast, very warm
% o gﬂ 3 o 6 15'50 0900 1 . E Clear, cool
2 9% 20 & % 15.00 0845 3 Strong T Henvy. cold rain
2 10 " 20 53 15.00 0915 50 Uoderate T Clear, cool
22 1000 52 23-5 55 15'50 0945 51 Light b} Ovorcast, cool
Ay 2 3 Z 22 15.50 0300 56 v r Clear, warmer
18\’.2 2 25 % 5 15.75 0930 55 lioderate E to SY  Rain
2 1 ?,2 22" 52 18,75 1000 - 52 Light Y Ratn squalls, cold
1043 i 552 16,50 0930 2 K ) Ratn, cold
Zr 1 EO a' BO 16:75 1000 47 n e Hail, rain, slast
P+ Sy S - 19.00 1015 ko Strong ST Rain, cold
;’} ié§8 43 mI's 6 46 22,00 0915 50 " m Clear
. Clear, warmer
31 0915 47 4900 s ¥ 2200 0915 5 Ligt ¥

Continued next panre

183



Appendix C, Teble 1, continuad.

Tater temperature Tinde”
Date {Degrees 7,) Water Alr temperature Direction
1947 Time Min, Mean Max, At visit m@« Time Degrees ¥,  Strength and shift Yeather
Jmme 1 0945 52 54,0 56 56 21,50 0845 E.s Light L] Partly overcast
2 1000 5 55.0 55 55 21,00 G35 1 » SE Clear, warm
ﬁ 1030 55 52.5 58 56 18.00 0900 46 u b 4 Clear, cool
1045 57 58.5 60 58 16,50 0900 60 L - Clear, warm
2 1030 57 57.5 58 58 16,00 0300 70 " sE Clear, warmer
1030 g  60.0 62 61 16.00 1000 66 " B Clear, warm
7 1100 2 66,0 T0 62 15.50 0915 Sh " s Overcast, cool
& 1100 62 &4,5 67 62 14,75 0900 58 v ItV Clear, warm
9 1000 63 66.0 (%] 65 14,00 1215 72 . ENE " L
10 1030 68 70.0 T2 72 13.75 0900 20 " SW to &  Clear, hot
11 1000 68 72.0 76 68 13.25 1130 58 " v Overcast, cool
12 1100 5% 23.5 & 59 12,50 1015 56 . v Clear, cool
12 1100 5 .5 62 59 12,50 1045 52 » z Rain, cool
i 10hs 56.5 59 5[ 13,25 1015 . 56 " b ] Overcast, cool
15 1100 56 56,0 zg 56 1k, 25 1115 53 Moderats ® Clear, warmer
16 1115 56 gg.o 61 14,00 1030 56 Lisht m " ]
17 1200 62 .5 67 & 15.50 1145 59 ’ Wtk Clear, warm
18 1145 & 66,0 68 66 13,00  11k5 62 L] L L] ]
19 1100 61 655 70 M 12,50 1030 & ) L . .
20 1130 &4 68.5 R 68 11,75 1115 68 v sE L] ]
21 1015 6+  69.0 66 11.25 0930 66 v . "
2 1045 63 6.0 T3 66 10.50 1145 ™ " b1 " .
2 1100 22 68.0 T 68 10,25 1015 78 » SB " .
1030 70.0 T 66 10,00 ozgg 62 . SE Rain, warm
22 1 6 70,0 T4 s 10,00 1 T4 . sE Clear
o945 68 TI.0 0 0TH 68 9.50 0900 &4 . sE Clear
27 1000 n s 4] n 9.25 0915 78 » b Rain squalls
28 1045 70 72.5 72 70 10.00 0330 T . B Clear
29 094 T2 T3.0 7 2 10,00 ggig 10 Moderate E Lisht rain
30 1050 Max,-min, thermometer m 10.50 66 Light v Clear, cooler
Juay 1 0930 ... ces  eee 67 10.50 56 " w to NW Overcast, cold
2 1030 . oes . & 10.00 1100 70 " m Clear, cool
E 1000 ... veo 65 9.75 1030 T4 . v Clear, warmer
1100 ... 70 9.25 1000 '6(6 . ¥ to SE Clear, hot
2 1000 .. e s 70 9.00 0930 8 . b1 Rain squalls
0915 ... cee s gz 9,00 62 " b ] Clear
7 0% ... 8,75 1030 70 ol mw Clear
g 1215 ... vee  aue 2 8.25 0930 70 Ll w n
9 05 ... cer s 8 8,25 1000 72 . b1 § "
10 1030 ... cee  wes 70 7.25 1000 72 Moderate ZISE L]
11 1200 ... 72 g.zs 1100 ™ Light E to HW .
12 1000 ... 66 .25 1015 70 . n Overcast
13 1630 ... 5] 5.50 1330 82 " ):1.] Clear, hot
X XX soe sea ese eesn vae sse see . X onroa.t, rain
12 1030 ... 22 5.75 1145 70 " 1 Bain, clearing
1 0930. ... vos . 5.7% 1000 72 ] IsE Clear, hot
17 1000 ... 68 5.75 1145 82 " I to 8 L] .
18 1030 ... e aes 70 5.50 1100 e Moderate WHW Clear, cool
19 0930 .. . aee 63 5.50 O84S 59 Light ) . "
20 1800 ... eee  see 62 5.50 1200 n " v Rain
¥ vater temperatures talksn at station just above weir,
Vater gauge readings are in inches and represent absolute depth in midetream just below weir,
¥ind records supplemented by records of Mr. ¢. W. Hanson, U.5.0.6., 40 Mile Point Light Statiom,
Iake Ruron,
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APPENDIX C

Table 2, Water temperatures in Hammond Bay and in the mouth of Carp Creek:
April 25-Jwme 27, 1947.

th_of =
;);ﬁ; o la?;: te::;:e:;ure Pige late: t:z:ge;ature
April 25 1600 42,5
May 5 1100 ig.0 1115 48,0
May 14 1200 48.0 1130 48,0
May 19 1130 63.0 1135 54,0
May 22 1015 53.0 1020 52,0
May 28 1700 50,0 1705 49,0
May 30 1100 46.0 1110 4g.0
June 4 1615 59.0 1630 51.0
June 11 1120 68.0 1130 52,0
June 19 1100 66.0 1050 62.0
June 27 1030 72,0 1035 60.0

action

Temperature station where creelk water enters sone of wave action.
Temperatures taken six inches below surface outside the zone of wave
. Stations wvariable but usually 300 to 500 feet north or south of
ocreek mouth and always beyond the possible influsnce of the discharse from
Carp Creek.
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APFERDIX C

Table 3, Number and average length and welght by sexss and total ssa lampreys taken in the Carp Cresk welr dy
dates and by cumlative periods in 1947,

__Jdales (] Fumber
Average Average Average Average Average Average taksn
length length weight length length woight with no Total
Date Humber 1in in mil- in Fumber 4n in mil- in data dd and

April 22 0 ves 0 . 1 1
2 o 0 0 0
2l 1 17.6 by7 202 1 18.5 470 285 1 3
25 3 17.6 iy 182 L 18.1 1460 165 9 7
Apri) 22-2% L 17.6 47 181 5 18,2 Y62 129 2 11
April 26 0 23 i i g 3 = o 0 0
27 3 17. 39 . 9 0 7
28 2 17.3 439 mn 2 17.5 lﬁ 184 0 1
29 ] . 2 17.5 L5 168 0 2
30 [ 171 L3h 175 3 17,9 432 10 0 9
April 26-30 11 17,2 437 170 1 17.% 42 180 0 22
Uay 1 2 17.7 450 195 1 17.3 439 155 o 3
2 o] ) 0 0
z 15 18,0 :137 178 6 18.5 T0 206 0 2
12 17.6 7 17 8 18.2 ub2 187 0 20
5 36 18,1 460 1 12 185 470 208 9 4e
May  1-% 05 17.9 458 187 21 18,3 hes 199 ) 92
May 6 12 17.4 hh2 153 4 17.7 iso 172 0 16
7 12 17.6 uu7 163 5 17.8 y52 179 0 17
8 5 17.4 442 158 2 18,5 u0 25 0 7
9 1 20.3 516 239 0 0 1
10 o 9 s 0 0
¥ay _©-10 30 17,6 447 161 1l 17.9 85 153 0 L]
]
May 11 6 18.6 y7e 26 0 0 6
12 5 17.3 439 181 6 17.8 h52 19% 0 11
1 11 16.9 u2g 180 1 16.9 429 129 o 18
1 7 18.2 u62 191 3 18,3 465 208 0 10
15 6 17.6 44y 179 133 2 13
Ny 11-15 35 1.6 uh7 190 2 AL.2 137 180 2 &g
May 16 2 16.3 41y 121 22 16.9 429 183 3 10
17 33 17.6 iy 186 18,0 hs7 210 0 59
18 9 17.8 yx2 175 9 17.0 w32 181 0 18
19 55 17.1 :zo 192 37 1e.1 460 211 ) 92
L14 il 1 185 3l 15 5 1
Eﬁlﬁ AL, W7 186 o8 119 LT 203 ] Fac]
ey 2 38 17.6 M7 190 26 17.8 :32 208 0 2
22 28 17.5 Yus 173 10 17.6 7 193 ] ag
g a(z) 17.8 452 184 14 171.5 ] 177 0
17.7 m 188 26 17.0 1 m 5 n
4g 1.5 19 13 174 18% 0 L1}
My 2-25 118 11,8 W47 158 _B9 115 189 5 212
May 26 33 18.0 457 197 13 17.6 LY 4 182 0 46
27 30 17.3 U39 177 1 17.3 439 11 ) u
28 12 17.6 7 1 10 18.5 470 196 0 2
29 4 18.9 480 206 2 17.0 i 172 0 [
o] aaa i by 17,6 gﬁ ﬁg 9 1
dﬁg 71911 50 174 37 ALY %0 0 16
May 31 1 18.6 472 0 o 1
Jme 1 (VYeir incperatiw)
2 12 17.2 m 1 7 18.0 ST 198 0 9
g 1 1g.u 182 12 17.3 N39 197 ] 2
15 16.6 h22 in 9 16.9 k29 177 o
5 15 AL1 450 9 by}
Moy UJupe 5 S7 1.3 L3 111 il 191 0 9f




Appendix C, Tsble 3, continued.

Fumber

___Yalep es Thmber
Average Average Average Average Averape Averags  taken
length length weight length lengtk welght with no Total
in mile data &

in

in mile

.-

Yumber in

and

June 6 21 - 17.5 4us 195 16 17.2 u37 189 ] b3
7 27 16.9 @ 176 2 17.5 33 193 c 51
g 1 16.7 172 21 17.1 4 178 0 52
9 3 17.2 437 183 39 17.0 Rg 178 0 g2
10 12,8 5 200 11 17,4 o) 39
e 6= 17,2 437 185 111 17,2 437 1 ) 267
June 11 2 17.0 y32 188 1; 16.9 Ly 191 0 39
12 2 17.7 l‘:zo 195 17.3 439 188 0 15
1 18.3 5 a5 1 16.0 406 1 0 7
1 12 16.8 y27 1 7 16.8 y27 187 o 19
15 9 17,0 412 132 10 16,8 _u29 160 0 19
Jope _11-15 58 17.2 437 180 Iy 16,9 L29 112 0 99
June 16 47 16.9 ui 175 32 16.9 429 172 o} 79
17 1 17.1 y 159 6 16.9 429 . mn 0 17
18 12 16. 419 155 12 16,2 1 157 0 27
19 1 16. 17 167 15.3 uok 158 0 17
1 172 4139 190 3 17, L2 195 0 10
Dame 1%.20 88 16,8 427 171 62 16,8 427 0 150
Jme 21 Y 1z.7 450 201 5 17.6 7 188 0 9
22 g 16.8 427 168 2 16.2 411 154 0 2

g 17.6 u47 196 2 18.3 465 209 0
8 17.7 u50 188 2 16,5 u17 202 0 10
25 3 1.2 439 175 2 16.6 [ 0 5
. Jmpe_2]=2% 22 17.5 Iy 287 13 17,1 1 182 0 35
Jume 26 1 18.9 480 264 4 16.6 422 166 0 Z

7 y 16.5 4 148 2 15.3 389 115 o}
28 [ 1g.1 4 120 0 0 Y
29 8 16.8 v7 147 5 16.2 )1 163 0 13
10 17,3 439 4&# 3 17.0 432 148 Q 11
Juope 26=30 25 17,0 12 2 14 16,1 117 P 0 39
July 1 12 17.5 45 181 2 16.1 309 153 0 14
2 4 17.2 437 177 2 17.3 439 179 o 6
3 3 16.2 y2 164 2 18,0 457 259 0 5
0 2 12.3 3 116 0 2
5 3 16,0 406 143 1 0 I
July 1-% 22 17.1 5] 10 9 16,1 17 110 0 31
July 6 1 12.6 & pLt] 1 15.6 396 2 o 2
3 16.7 151 0 o g

8 2 17.2 Y37 gg 2 19.2 Ngg 255 0
9 1 18,9 480 o 0 1
10 1 427 % o) . 9 1
Jady  6=10 g 17.0 432 1 3 11.9 T 21 0 1
Jm 11 ° LR XS se0 s 0 (XX LEY ] sse 0 o
12 2 17.8 452 205 0 0 2
13 1 17.0 u32 0 0 1

(No Wm
Juiy 1a=131 1 1.5 Ny 0 aa 0 3
Totals and

grand averages 937 17.4 uh2 181,6 603 17.% L2 186.6 17 1,617
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APPENDIX C

Table 4, Daily minirmm, meximm, and mean water temperatures and water gause readings for Carp {Jreel with
sir temperatures and wind and weather records for the locality: April 7-July 15, 19118.‘&

Water terperature Atr Wind
Date {Degrees ¥,) Water tempera.tu.réy Direction
7 if an ®’ _ (Degrees I Streng and ghift Teather
April 7 0930 38 38,5 39 31.00 39 Light pis:] Clear, cold
8 0830 ... cer  was 38.00 . sY Rain
9 0620 32 35.0 38 3(9).00 22 Moderate W Snow, freezing
10 0900 ... vee .00 3 Strong Rpd Overcast, cold
11 0930 36 8.0 ko (F1o0d 8 eee 5 a "
12 0850 3g 5 43 stage) 40 Light oon Clear, warmer
13 0900 39 Lo.5 L2 " . e Clear, cool
1% 0905 g b0 k2 u 4o " ] " "
15 0835 1 4,5 U4g " 45 " X u "
16 0910 4 46,0 ug 4 4o Yoderate W Rain
17 0915 39 Lo.s k2 . 3 Strqng s Clear, cold
18 1000 39 k1,0 lﬁﬁ " 7 Moderate ] Rain, cold
19 0925 k2 3,0 " 1 Light nw Overcagt, fog
20 0900 43 L5.0 Uy v Lo " i " "
21 0920 9 40.5 L2 " Lo " N Clear, cool
22 0855 2 46.5 51 " 6 Voderate ] Clear, warmer
gz 0935 48 49,0 50 ’ 1 Light SSY to S£ . Overcast
24 0920 Lg 49,0 0 22,00 | L N to B Rain
25 0935 Ly 48,0 22,50 b3 Hoderate E Yog, clearing
26 0930 L9 51.5 52 22,00 Lg Light ] Clear, warmer
27 0925 2 53.0 54 23.00 42 'oderate IE to ® Bain, fog
28 1005 18 50,0 5e 24,00 3 Light N Clear, warmsr
29 1025 52 k.o 56 23.00 5 n E Clear
30 0900 50 53.5 57 22,00 50 loderate N to MIE "
Uay 1 0900 46 51,0 62 21,00 k2 " B Clear, cooler
2 0820 51 56.0 61 20,00 43 Light N to XE Clear, cool
z oglo 50 55.0 60 19.50 k6 " ME n "
' o840 3 57.0 61 19.00 46 " YE to E Overcast, cool
2 0515 9 51,5 24 18,00 50 " E Clear, warmer
0920 2 56.5 1 18.50 51 " ® Rain
7 0925 8 2&.5 7 19,00 37 Yoderate bif Overcast, cold
g8 0855 4o 5 9 19.50 7 Strong g Clear, cold
g9 0930 ko 46.0 2 19,50 1 l'oderate b Overcast, cold
10 o855 43 46,0 29 19,00 42 " s ] Clecr, cool
11 0920 U5 30'0 55 17.50 Wy Light SE Overcast
12 0920 W7 .0 51 17.00 Lg " b Clear
13 091§ ’;3 53.0 59 16,50 51 " b Slear, wermer
ik o930 58.0 62 16.50 63 " T to IE Clear, wamrm
1 0910 5 60.5 66 16,00 1 J SE Overcast, cooler
1 0945 52 56.0 60 17.00 g eee (Yone) Overcast, for
17 0950 5L 54.0 57 17.00 56 Light i Clear, cool
18 0930 53 59.5 66 17.00 5 " bl " u
19 0925 52 58,0 ou 16,50 £ " HE " "
20 0855 5% 59.0 64 16.25 68 . SSE Clear, warm
21 1010 2& 60.5 67 15.75 1 Strong o Partly overcast
22 0950 8 s4.0 60 15.50 9 " S to T Overcast
0830 49 53,5 58 15.25 45 Moderate W Overcast, cold
2 osls 50 55.5 61 12.00 53 Light w Clear, Haze
ogs 50 53.0 58 14,50 60 # B Clear
2 0850 51 57.0 63 14,25 65 L) S to SE »
271 0820 55 62.0 69 14,00 68 " s Clear, hot
22 ogo 60 65.5 T 13.75 5 " wr Overcast, rein
29 o084 4 60.0 66 13,50 9 " u Clear
30 0945 55 60.0 65 13.25 58 l'oderate m L]
31 083 58 63.0 68 13,00 o4 Strong oo "

Continued next page
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Appendix 2, Table 4, continued.

Yater temperature Alr . Tind
Date (Degrees F,) Tater temperaturéy Direction
1918 Cime 1lin, Yean Vax,  mupe®’  (Derrees P.)  Stren~th  and shift eather
Jume 1 0905 60 65.0 70 13.00 rp! Light S to SB Clear, hot
2 0930 63 68.0 T3 12,50 T4 L ESE " L
a 0915 63 68.0 73 - 12.00 70 . ™ " »
0905 62 67.5 T3 11.%0 70 . v Overcast
5 0920 56 61.0 66 11,25 63 " Y to IE Clear
6 0900 &4 .5 22 11.25 55 ] .} "
7 0930 55 60.5 11.50 65 " 8 Partly overcast
8 1040 55 59.5 o4 11.25 60 " i Overcast
9 0950 58 62,0 66 11,00 65 . N Heavy smoke haze
10 03520 56  61.5 67 11.00 66 " sY Overcast, hot
11 0905 57 61.0 65 11.00 58 " Ty Overcast
12 0910 S 6l.0 58 11.00 63 " E .
13 0900 54 59.0 64 11.00 59 " v Clear, cooler
1 0205 53 61.0 69 11.00 B Moderate S - Olear
15 1115 52 61.5 71 10.75 65 Light NE "
16 0915 Sl 59.5 68 10.50 61 L S to SB "
17 0930 54  6l.0 68 10,00 63 " bid "
18 0930 52 58.5 65 10.00 56 L m Overcast, cool
19 0955 58.0 62 10,00 " b " "
20 1010 52 57.5 63 10.00 67 Noderate  S¥ Clear
21 0900 51 61.5 72 .75 (=1 Light m Overcast
22 0915 56 58.5 61 9.75 60 L] E Overcast, cool
g& 1045 4 5.0 62 10,00 20 " s Overcast, hot
0945 60 66,5 T3 10.00 T " sw Overcast
25 1030 62 67.5 73 10.00 61 " T Overcast, rain
26 0835 54 61.0 68 10,00 5 " £ Clear, cool
27 1155 55 61.0 67 10,00 7 " E Overcast, hot
28 0850 58 6.0 70 10.00 61 (Yone) Rain, fog
29 0910 58 60.5 63 10.25 65 (one) Overcast, hot
D . . vercas
30 0850 58 63,5 69 10,00 67 Light W 0 t
July 1 0925 5 62,0 69 9.75 63 " E Clear
2 1010 5 63.5 n 9.75 75 " sSE Overcast
3 0915 56 61,5 67 9.75 62 " z "
0920 59 64.5 70 3.75 a4 " ) Cleer, hot
2 1225 62 705 79 9.75 89 . sw » L]
1220 63 72.0 81 9.75 73 " m Overcast, hot
7 130 58 67.0 76 9.75 78 (None) Clear, hot
g 1525 57 67.0 77 9.75 Light SE " "
9 110 59 66,5 TH 9.75 80 " ¥ " v
10 1435 60 70.0 80 9.50 80 " .} " L]
11 1615 6 70.5 19 9.50 7 " iE " "
12 1055 62 68.5 75 9.50 8 (Tone) " "
13 1705 64 71.0 78 9.50 77 (one) " "
ib 1545 61 69.0 77 9.50 7 (Xone) " .
15 1550 57 66,5 76 9.50 75 Light pisc) " "

%/ Tater terperatures talken at station just above weir,
Tater gauge readings are in inches and represent absolute derth in midstream just below weir, Readings
are accurate jown to 10-inch level, 3Below that point, level is influenced by impoundins action of clay and
vel rid~e in stream bsd below gauge.
Air terperature taken with pocket thermometer at time given for water terpersture readinss,
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APPEIDIX C

Table 5, Water temp;ratm'el in Hammond Bay in the vic@ity of the mouth of
Caxp Oreek: April 9-July 6, 13u8.
Yater Water
Date Time temp. Date T4ime termp.
(1948) (Degrees ¥.) (Degrees ¥,)
April 9 0635 32,06/ May 25 0930 51.0
13 0930 4o.0 28 0920 55.0
22 1055 42,0 31 0910 57.0
25 1100 46,0 Jume 3 1010 60,0
28 1100 47.0 6 0930 59.0
May 1 1000 4.0 12 0930 60,0
Y 09k5 45,0 15 1130 62.0
1 1010 4.0 18 1000 60.5
10 0930 .0 21 0915 59.0
15 1220 52,0 27 1230 64.0
16 1010 50.0 30 0915 57.0
19 1000 51.0 July 3 0935 57.0
22 1020 50.0 6 1240 63.0
v

action,
oreek mouth and always beyond

Temperatures talsn 6 inches below surface outside the zone of wave

Stations variable but usually 300 to 500 feet north or gouth of

the possible influence of the dischargze from

c Creelk,
8‘2 last of flow ice disappeared from Hammond Bay on this date,




AFPRNDIX O

Table 6, lumber and average length by sexss and total sea lampreys taksn in the Carp Oreek weir by dates and
by cuwmlative periods in 1943,
_Maley Jeunles Hamber
Average Averaze Average Average taken
length length ' length length with no Total
Date Number in in mile Famber in in mil- data d'Sand
1g . bakep inchag limeters Saloen, inghes limeters regorded 22 Saken
Apri) 7 o . .. 0 ves . 0 0
o} . . 0 . o 0
9 (Weir inoperative)
10 L] L
April  7-10 9 ase aas 9 Q 7]
April 11 (Weir inoperative)
12 L] ]
1 L] "
1 [ v 0 . 0 0
15 3 1.6 47 1 19, 4og 0 y
Apxil 1-15 3 178 N1y 1 19.6 g Q ]
April 16 1 15.1 384 0 0 1
it 0 0 - I W
18 2 19.8 503 0 .. 0 2
19 0 0 0 0
29 0 st ] asa asa o] 0
April 16-20 3 18,3 LT.CY ] 1 Ki
April 22 0 . 0 0 0
22 0 [ o 0
g 1 20,3 6 1 1%.2 z&é (¢} 2
13 17.7 50 6 17.8 52 o 13
25 1 18.2 _he2 2 _hag o} 9
Apral 21-2% 2 18,0 457 q 11,3 439 0 E7)
April 26 5 17.2 ur y 17.8 [
27 9 17.2 437 5 18.2 :g 0 12
28 ll&z 17.3 439 12 18.0 57 0 29
22 17.0 432 20 17.5 5 0 66
39 55 16.1 %0 Aéd___v“?i 0. 135
ARril 20=30 162 10,9 329 i) | 17.3 139 Q 253
May 1 50 17.2 437 22 16.4 a1y 0 T2
2 g 17.0 432 g 17.6 ::107 0 5T
17.% 5 17.7 [}
z 16 17.0 432 ug 12.9 u23 0 12*»2
; —
My =% 171 128 37 5]
May 6 14 16,9 429 ] 17.5 4l 0 189
7 o 17.3 439 35 17.5 ::z 0 92
] 1n 17.3 439 3 16.0 0 1
9 8 17.2 437 1 17.0 y32 [¢] 9
19 [ 1.2 437 H [0} g
¥ay _ o=10 203 17,0 432 118 17k 0 313
May 11 11 17.0 432 s 15.9 4ol 0 19
12 21 17.2 u37 g 17.0 432 [ 29
1 76 16.7 N 59 17.0 432 (s} 13
1 113 16.2 (581 b5 16, 419 0 1&2
15 99 154 w7 [ 16, w7 9 160
May  1l-1% 320 16,5 LT 29 16,6 he2 Q 589
May 16 -3 16,6 422 2 17.1 :z: 0 uy
17 9 16.8 427 LY 17.5 1} 1]
18 1 16.8 u27 87 17.2 w7 0 b g
19 80 16.4 41y W 16.7 W24 0 129
19 1l iy 0 39
oy %&5 301 1&.‘1 &_ 191 17.) |} ) LT
ay 21 56 16,1 4o9 [} 16.7 gy 0 107
22 -1 17. 50 1 16.2 g9 0 35
2 18 16, 422 1 16, 22 0 )
] 16.8 ;;'7‘ " 16.7 :;& o 59
28 iL2 1 0
May 2128 i% A 49 %% 16,8 337 ] t

OCentizued next page
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Appendiz 0, Tadle 6, eontinusd

—Jales Jaoales Humbder
Average Average Averaxe Average Saloon
length lengsh length length with no Total
Date Yumber in in aile Taber in in mile data J'and
1q48 aloen  inohes  lipetery saon inqhes _limetere xegopded ¥ tajen
26 28 16,2 411 26 16,4 417 [ s
i 27 42 16.0 406 26 12.9 4oy 0 68
28 33 16,1 Log 10 16,6 422 0 u3
29 3} 16. 419 4y 16.5 419 0 98
29 16.. 417 n 16,5 419 0 £l
May _ 26-30 271 16,3 L5\ 131 161 17 Q 344
tay 31 29 17.1 434 -4 17.1 43y ] 37
Juns 1 32 16.9 429 12 1;.1 43y 0 [l
2 26 16.8 427 5 16.1 409 0 n
3 10 16.0 Lo6 6 16.1 uoz 0 16
y 23 17.0 u%% [ 16,3 41l 0 19
Hay 31-Juns §___ 110 16,7 N 37 16.7 L4 0 A7
June 16.5 19 F) 16,6 322 0 49
Z 255 16,8 u2y 19 16.3 1 0 4
7 38 16.3 y14 12 16,6 n22 1 51
8§ 24 17.1 y3k ] 16.3 429 0 32
9 13 15.1 3199 6 15, 391 0 19
Jme =9 125 16.5 419 [ 16,5 g 1 195
June 10 L 17,3 439 0 e 3 7
11 0 1 15.7 399 0 1
12 0 0 0 0
13 0 0 0 0
L] 0 aae 1 16,0 40b Q 1
June  10-10 Y 17,3 439 2 15.9 [ 3 g
Juns 1 0 0 0 0
1 0 0 0 0
17 0 0 0 0
18 0 0 0 0
19 Q a. 0 s 0 o}
June 15-19 0 s 0 aas sas 9 9
|
June 20 0 .ee vee o} e 0 o]
21 1 13.} 389 0 0 1
22 1 1k,2 361 0 0 1
g 0 0 0 0
1 15.) 0 aa. . 9 1
Joge 20-24 3 14,9 378 0 —as e 0 3
Jme 25 1 15.2 386 0 0 1
26 0 0 0 0
27 0 1 13.3 338 0 1
28 0 0 0 0
29 Q s iy 0 are e o] 9
/M 25-29 1 1542 1 133 338 0 2
June 30 0 0 0 0
July 1 0 .} 0 0
2 0 . 0 0 0
3 0 0 0 0
i 0 Q P aes o} o
Jups 30~July 4 0 aaa [+] ana ans Q 0
Jaly § 0 0 0 0
6 0 1 15.6 396 0 1
7 0 0 0 0
8 0 . 0 0 0
9. 9. aaa s [0} Ay 0 0
July 59 0 aas aas 1 15,6 196 0 1
July 10 0 0 0 )
1 0 0 0 0
12 0 0 0 0
1 0 0 0 o
1 0 0 0 0
15 Q i asa 0 D Q
Jaly 10-15 0 0 s 0 0
Totals and
grand averages 1,842 16.7 uay 1,089 16.9 429 g 2,939

\? Four specimens taken by fishermen below weir.
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Table 7.

Daily minimm,

with air temperatures

APPEIDIX C

maximum, and mean water temperatures and water
and wind and weather records for the locality:

gaugce readin~s for Carp greel
April 6July 18, 19u9.\§/

Date

April 6
1
8
9

10
11

12
1

i
15
16
17
18
19
20
21
22

%
2
27

28

3

2

1200
1030
1330

Yater temperature

es ¥

)
-~

&8

SE59RB S

v A

LRGN AF T

NI~

NEQSBR T

% RS

(o)
-

(6, T, L6 A6 R RO L8, 1
H

\JV

-

G

OO W

A

o

IS 1
WD =

5E

- e .« o ¢ o
oo OoOoOoWNOoWum

o & o 0o o »
OV O OWm

e e s s e e s @ 8 e & & s o
OOOU\OOU\U’IOU’\OO\JIOOOU‘

M .. .
QO OWMOOoow

U1 O OW O ORI O

ooownmowm

Hean alr
Water tcnperaturd;’
os ¥

.00 45,0
22.50 42,0
24,00 37.0
23,00 39.0
22.50 6.5
21.50 5¢5
21,00 5540
20,50 47.5
20.75 46.0
19.25 37.0
19,00 33.0
19.50 31.5
18.50 2.0
18,00 37.0
18,00 52.5
17.75 9,0
17.50 7.0
18.00 47,5
18.00 36.5
18.50 36.5
19,00 1.5
19.00 6.0
19.50 42,0
19,50 49,0
19,00 58,0
18,00 62.5
18,00 58.5
17.50 54,0
17.00 Z}.o
18,00 1,0
18.50 H.5
19.00 58.5
18.50 52.0
17.50 36.0
16.50 1.5
16,50 40.0
15.75 46,0
15,50 56.5
15.25 Es.o
15.25 3.0
12.00 53.0
14,5Q 53.5
14,50 63.5
16,00 66.0
16.75 45,5
17.50 ug.o
17.25 56.5
17.00 54,5
16.50 62.0
15.75 bn.5
15,50 47.0
12.00 45,0
1h,00 43,0
14,00 50.5
13.75 55.0
13.75 52,5

Joantinued next pare

2949 ==Y

Wind
Direction
shift

Yeather

rEEELELL nkhils

one )

g<tg

o

ne )

one)

-

(None)
s
(Nons)

Partly overcast
Light snow, rain
Clear

[ ]

Clear, warmer
Clear, wam
Clear

Overcast, cooler
Snow

Clear, very cold
Clear, cool
Clear

Clear, warmer
Overcast
Overcast, warn
Rain

Overcast
Overcast, cool
Overcaat, wam
Overcast, fop
Clear, warm
3lear, cool
Ovorcast

Clear

Overcast, warm

Overcas?

Clear, warm

Overcast, wam
n ”

Partly overcast
Clear, cooler
Clear, wam
Overcast
3lear, cool
QOvorcast
Ovrreast, cool
Cvarcnst, warn
Clear, cool

n "
Jlear, warmor
Clear, cool
Qvercast, warn
Ovorcast, rain
3lear, cool

n n
Ovarcast, ocool
Jlear, warm
COvercast
Cvercast, cool

n n

ft L]

Slenr, cool
" L}

Overcast, warm
Slear, warm
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Appendix G, Table 7, continund,

Tater temmerature llean alr Tind
Date (Dezress T,) Water terperat Direction
1949 Time Win, ean lax, m“?/ (Dereee ¥,) and shift Weather
Jwe 1 0820 58 62.5 67 13.75 60.0 (Tone) Clear, warm
2 oshs .0 68 13.50 69.0 s " "
13‘ 0820 62 67.5 5] 13.00 76.0 s Clear, hot
0830 66. T70.5 15 13.00 67.0 s egrf " v
5 0830 4g 4.0 79 12.75 65.5 Tto X Clear, cool
6 0900 55  62.0 69 12,75 63,0 b Ll "
7 0 56 62.5 69 12,25 7.0 bl " "
8 ogus 51 %58.0 65 12.00 5.0 B s "
9 0850 5 59.0 22 11.75 52.0 ] n "
10 0900 5 61,0 11.50 61.5 sY Clear, warm
11 0820 60 64.0 68 11.50 64,0 ot " u
12 0905 62 685 T5 11.00 77.0 sv Clear, hot
1 0920 6%  68.5 11.00 80.5 sv Overcast, hot
1 0915 63  68.5 11.50 71.0 (ZTone) Rain
15 0840 63 4.5 66 12,50 63.5 (one) "
16 0930 60 63.0 66 13.00 58.0 s Overcast, cool
17 0820 62 63.0 64 13.00 61.0 (tone) Overcast, foz
18 0845 62 66.0 70 13.25 69.0 (17one ) Jlear, hot
19 0815 68 72.5 77 13,00 66.0 (Tone) Overcast
20 0820 67 T0.0 T3 13.25 66.5 (Tone) Rain
21 0820 67 70.0 73 13.50 4.5 v Overcast
22 ogis 66 T0.0 T 13,00 64.0 0 to XE Clear
23 0830 6 T..0 76 13.00 5.5 (Zone) Light rain
2L 0530 &4 66,0 68 13.00 66.0 (Zone) Rain
0900 64  67.5 n 14,50 72.5 1] "
26 0900 66 68.5 T 18.00 72.0 m Clear
27 0900 68 T3.0 T8 19,00 70.0 ™ .
28 ees .
29 0815 o 155 €0 70.5 sv Slear, warm
301 0900 72 71.0 82 16.50 72.5 ST Clear, hot
July 1 0820 7 76,0 & 15.50 72.5 ] L] ]
2 0920 76 T19.0 82 12.00 72.0 (Tone) ) "
i 0830 7% 79.5 83 14,50 4.5 s " "
0900 3 17.5 82 14,50 79.0 (Tone) Bain
5 08 72 75.0 78 13.75 ;E.O coe Overcast, cooler
6 ogls 72 73.0 T4 13.75 .0 o " v
7 0815 66 71.0 16 12,75 69.0 )] Clear, warm
8 0915 o4 69.0 T 12,50 70.5 L i u ]
9 0810 64 69.5 T4 12,25 70.5 (Mone) Overcast
10 0900 o4 67.0 70 12,00 65.0 n Clear, cool
11 ogh5 60 67.0 11.75 60.5 (Tone ) Overcast
12 0800 62 67.5 72‘ 11.75 67.5 w Overcast, warm
1 0315 &4 69.0 T 11,50 67.0 (Yone) " .
1 ogﬁo 62 68.0 T4 11,00 65.0 v Ll "
15 085 63 67.5 12 11.00 65.5 .4 Overcast, cool
16 0820 62 67.5 T3 10.75 67.0 su Slear, warm
17 0820 &4 8.0 T2 10.50 n.5 v L] "
18 0320 &4 70.0 T6 10.25 78.5 sY ] "

¥ Tater temperatuies tamn at station just above weir,
Water sauze readinzs are in inches and pepresent absolute depth in midstream just below welr,
3’ Alr terperatures obtained at Ocqusoc River weir site about four miles fron the Carp Ireek weir.
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APPENDIX C

Tadle 8. Water temperatures in Hammond Bay and in the mouth of
Carp Creek: April 6-July 8, 1949,

Vater temperature

Date Time Mouth ofDg 2t
19lig Carp Crees  Hammond Bay®’
Lpr11’6 1100 38 40
W 1515 50 45
16 1500 S | 43
19 1615 53 50
24 1000 4o 42
29 1000 51 47
Uay 4 1830 60 50
9 1500 62 52
L 0830 54 4g
19 0930 58 46
=) 0900 56 Lg
29 0915 53 50
June 3 0840 68 52
8 0910 53 54
13 0930 70 60
18 1400 70 | 61
25 0910 65 62
30 0910 ™ 68
July 3 08l5 75 68
8 66 62

v Temperature station where creek enters zone of wave action.

&/ Terperatures talen six inches below surface outside the zone
of wave action, Stations wvariable but usually 300 to 500 feet
north or south of creek mouth and always beyond possible influence
of the discharme from Carp Creek.
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Table

AFPENDIX ¢

9. Number and averase length by wexes of samples ta.\un"ou altasrnaie days and total esa lampreys taken in

the Carp Creek wsir by dateg and by cumlativs periods in 1949,

‘Mplas Torelep
Avervase Averase Average Average
leagth length length length Total
Date Yumbe r in in mii- Fuwber  Number in in mile Jand
1949 mepamned  inches limg tnrs inicen meagured inches imeters 7% taken
April b {®eir inoperatiwe’
7 " ..
8 . Qe . 0 . vee . 0
9 . . 1 .ee 1
S 2 16,0 Lo6 0 O e : 2
April 6-10 2 16,0 406 1 sea ae . 3
April 11 0 1
12 y 16.2 §12 1 1 (15.2) (386) 5
1 2 5
1 7 17.7 50 5 5 18.2 L7g 12
15 san PO P 2 asa axa an 11
April 1]1-15 11 17,2 437 10 b 18,2 ] 2L
April 16 0 ]
17 0 (o]
18 L 16.6 - Yoz b Yy 19,2 ugg 8
19 c 4
) 9 16,5 419 5 L1 1. N2 14
April 16-20 13 16,5 9 9 9 18.2 he2 26
April 21 vee eee oo 9 . “es “es 32
22 2 17.4 L2 10 10 18,3 465 30
g 17.4 yu2 6 6 18.8 u7g X
25 asa s 6 Fr-
april 21-25 28 17,4 32 16 8.5 470 107
April 26 11 17.9 455 7 7 19,2 uge 18
2% vee 1 30
28 57 17.3 439 20 20 18,2 462 17
30 ﬁz 17,1 L3l 17.7 124
Ipril 26-30 1 11,2 537 93 18,0 457 1
May 1 eee 19 . 78
2 82 17.3 439 51 us 17.7 450 Lo}
3 n g9
y 68 16.9 429 22 a 17.9 455 91
LY P Aaa 9 P Asa s2a Y4
May  1-§ 150 1Ll Lzl 135 17.8 'T%) 466
May 6 eae . .o 8 2 18.% 478 1
7 W3 vos UL
; 33 17.5 s Ea 19 17.9 55 g
19 5 173 i3q 1
¥ay 6210 58 17,3 439 LY 12.9 L 29)
May 1 y 22
12 9 16.8 7 5 5 17.3 - 439 L]
1 11 ces 35
1 36 16.% L1g 2 21 . 17.4 42 57
15 Ans P P £l sra asg e 52
oy 3115 Lg 16,6 422 62 25 ALY 42 180
May 16 28 17.1 L3y 13 13 16.8 427 u31
17 i% .o b33
18 60 16.% 419 4o 17.0 %32 127
19 167 l& g .é oer h 112
S1 s 17.3 39 I3
Moy %20 139 16,7 41‘5% 158 a 171 31 §T0
May 21 eee ves oo 15 s .es P 30
22 32 16.5 W19 g 2 17.3 439 2»
oo cee 5
g 67 16.5 L) h ) uh 17.0 432 m
29 P PP P
Vavr  16-25 99 16,5 419 1.1 320

Continued next page
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Appendix C, Table 9, continued,

Males Fomales
Average Average Average Average
length length length length Total
Date Nupber  Number in in mil- mber Number in in mile d'and
1949 taken measured _inches limeters che limeters ¢
¥ay 26 16 16 17.4 u42 LTS 1} 16.9 429 30
27 8 4 12
28 5 5 15.8 401 2 2 17.1 434 7
29 11 5 16
30 18 9 ;%6 422 g 8 16.9 429 26
May _26-30 58 ET) 18,9 429 33 £ 16,9 439 91
lay 31 19 10 g
June 1 31 31 16.3 ik 13 13 16.8 427
2 39 - 22 .er 61
g 17 17 16.2 u12 15 15 17.7 450 32
10 as ans . 2 s aaa, 12
May 31-June 4 116 ug 16,3 nh 62 28 1.3 ‘439 118
June 5 5 5 17.2 437 4 4 17.6 - uu7 9
6 5 3 g
7 29 29 16.9 429 18 18 16.2 412 57
8 20 4 2
9 16 16 16.9 429 3 3 1.2 437 19
June 59 15 50 16,9 529 32 = 16,5 419 107
June 10 7 .ss .ot ven 3 res .es ees 10
11 10 10 16.3 ik 1 1 (16.%) (427 11
12 1 .. 0 1
1 3 3 16.4 ny 2 1 (15.5) (394) 5
;Y 2 s . 9 aaa s 2
June_ 10-14 33 13 16,3 Y [ 2 16,2 412 o)
June 1 15 15 17.1 434 y y 17.1 y3h 19
1 10 9 19
17 18 18 16.9 k29 g 5 17.5 3]
18 17 21
19 9 9 __hod Y [ 15,7 399 13
Juge 15-19 [TH N2 FY 427 28 13 16.5 o7 a5
Juns 20 9 een aes eoe 2 .ee n
a 5 5 16.3 414 0 5
22 1 1 2
g " y 16,4 7 1 1 (17.1) (534) 5
8 asa 5 - ana 13
Teme 2030 21 ) 1% 3 1 G (5] 14
June gg 3 3 16.7 Uy 5 5 17.9 liss 8
5 0 5
27 2 2 15,2 386 3 3 17.2 437 5
28 1 .o [+] 1
29 3 3 UM 4& Q - s 3
June  25-29 pU] [ 15.% X i F3 116 2
Juns 30 1l X sen cee } see see ees “
July 1 [} 0 0
2 0 (] o
a o 0 o
Q ada. aaa Q e - Q
Jupe 10-Jgly § 1 s, aaa 3 aaa L)
July 2 0 2 2 17.1 34 2
0 1 1
7 0 0 0
8 ° LR ] LR ] [XX] ° ses "o LX N 0
9 o] asa o raa 9 asa 0
Iy 5a 0 — . — i ] 171 —tak 3
(No lamprsys Salen: July 10 S0 19)
July 10-19 Q ana e aaa ] s aaa /]
Totals and
grani averages 1,866 5% 169 hog 57 v 1a M2 2,763

&
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AFPENDIX ©

Table 10, Daily minimum, maximm, and mean water temperatures and water csauge
readings for the Ogqueoc River with air temperatyres for the locnlitr: April 15-
Aucast ¥, 1947,

Tater tempersture

Date (Degrees T,) Alr temperature Vater gauge
1947 Time _ Min, Mesn Max, Ab vieit (Degress_T,) {in iggylﬁ/
April 12 1630 ..o 41,50
) 1 1000  eee 38 6
1600 3§ 380 3B 38 7 37.50
17 1000 3g 38,5 39 38 40
1600 g 38,0 38 38 W .33.95
18 1000 37 38.0 39 39 S vee
1600 39  39.0 39 39 4o 30.00
19 . 0945 38 385 39 39
1600 38 38.5 zg ig ko 27.00
20 M0 ¥ B ow w b .0
) 1600 zo 30.0 ho ko ] 23.00
22 0230 Lo 4.0 4O 4o 1
1600 4o wo,5 W1 s | L2 21.50
23 0900 Lo 41,0 42 43 L6 ees
1600 4o k4o.5 W 41 58 21,00
24 0900 4 Lo.5 W 5 ] 50
1 L1 .8 4 4y zu 24,50
25 o%gg 4o %0.5 1 Lo 2
1 L2 43,0 4y 4 31 25,00
26 0900 1 y2,5 44 4y 2
1600 Ly ﬁz.o L6 46 46 24,00
27 1600 }3 .5 H6 46 24,75
28 1600 5.5 My W7 60 23,50
29 0930 46 46,5 47 47 68 22,00
1630 47 4g.0 Y9 49 66 21.75
30 oghs M7 485 50 ug 52
1600 ... 23.75
May 1 0930 47 4g.0 M9 Lo 52 26.00
2 1000 47 Lks.o Mg ug
1600 2¢,50
3 0930 47 480 W9 47 54
oS PR PR R & 300
0930 . .
2 0830 46 465 47 u7 Zh 3.00
1100 'iZ 46,5 ug Lg L 40,00
7 1145 49,0 52 Lg W .00
g 1130 g U5,0 2 Lg 30 29.00
9 1045 2 U500 8 46 b 25.50
10 1230 42 U500 us 4g 60 22,00
11 0815 45  ub,5 L8 47 20 20.50
12 0845 ub 47,5 U9 g 7 18.00
13 o085 4g 49,5 51 50 41 18.00
14 0900 49 319..0 53 50 4g 20,00
1 0930 Lg 5 5l 51 57 18,50
oo poziZ 3 B hE
17 5 . .
18 1000 52  53.0 5’3* 5‘3* 63 13.50
19 0915 52  55.0 58 1 73 13.00
20 0900 53 56.0 59 5 1 13,50
21 o&h5 53 56,0 59 5 3 13.25
2 0915 55 56,5 58 56 50 416,00
zﬁ . 0945 2?. 56.5 58 56 51 16.00
2! 52.5 57 56 56 15.25
2 0930 5 56,0 58 56 55 14,50
1000 gz 56,5 58 56 22 16.50
27 0930 56,0 58 54 2 17.00
28 1000 53 545 ':;g 53 47 17.00
29 1015 Zg 52,0 Eg 4o 18,00
30 0915 5.5 51 50 23.50
31 0915 4 5.0 53 g 53 2.75

Continusd next page
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Appendix C, Table 10, continued

Tater temper: ture

Date (De~recs F,) Alr termersture  Trter rmuce

1947 Tine  Uin, lan lax, AL visit  (Da-resc F,) {ir_incres )
June 1 0gls 49  .50.,5 g2 51 5 12.75
2 0945 5 51,5 53 52 17 15,00
ﬁ 0900 50 51.5 &3 50 Lg 14,00
0900 52 5.5 57 55 66 12,25
5 0900 sh 56.0 58 56 70 11.25
6 1000 56 58,0 60 57 66 10,50
7T 0915 57  59.5 62 59 i 9.75
8 0900 57 59.5 62 b2 58 . 9.25
9 1215 62.0 &4 64 72. 8.25
10 0900 61 6.0 67 66 80 2,00
11 1130 gg 68.5 72 63 58 8,00
12 1015 66.0 b8 66 56 7.25
1 1045 64 66.0 68 64 52 5.50
1 1015 61 6°.5 o4 63 56 5.25
1 1115 61 62,0 63 60 53 .00
1 1030 61 61.0 61 60 56 9.00
17 1145 58 60.0 62 62 59 5.00
18 11ks 62.0 64 62 62 7.25
19 1030 60 62,0 64 [0} 6u 6.50
20 1115 62 65.0 68 66 68 6.00
21 0930 62 65.0 68 65 65 5.25
22 11ks5 65 67.5 70 69 T4 5.00
23 1015 67 69.0 7 69 78 L.75
2 oggg 67 69.0 7 67 52 4,00
22 1 65 68.0 7 70 Th 4,50
2 0900 68 7.0 T2 68 o4 L.00
271 0915 64 68.5 ;a 72 78 ?.oo
28 0930 72 1.0 72 T4 H 75
29 0930 0 725 75 72 79 2.00
30 09l5 68 70.5 73 70 66 50
Jaly 1 0900 68  69.5 n 68 56 4,50
2 1100 66  68.5 71 70 70 4,00
3 1030 67 69.5 12 68 ™ 3.25
1000 68  T1.0 72 72 gs 2,75
5 0930 70 72,0 7 7 g 2,50
6 0935 68 70,0 72 69 62 3.00
7 1030 66 63.0 70 68 70 9,00
8 0930 66 68,0 70 67 70 1.75
9 1000 68 69.0 T0 70 72 6.00
10 1000 68 71,0 T4 72 72 4,75
11 1100 69 7.0 73 72 h .00
12 1015 69 71.5 T 18] 70 3.50
1 1330 7n 1B.5 16 76 g2 3.2
1 . cee cee  eee ces eee vee
15 1145 0 B.S5 17 70 70 k.50
16 1000 69 T.0 T3 70 12 4,50
17 11l45 70 73.0 76 I 82 4,00
18 1100 72 75.0 718 16 T4 3.75
19 O84S 69 T3.0 77 69 59 3.50
20 1200 68, 70.5 T3 n n 3.25
30 1530 668 725 19/ 17 3.50
mtu 09}0 e ees e oo ese 1075

Y Readings talen at station 100 feet below the outlet of Ocqusoc lake.
Depth in midstream directly opposite water 7ause was approximately 2i
inches greater than gauge readings listed.
\3/ Uiniomem and maximm water terperatures for period July 21 to July 30
inclusive,
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AFFENDIX C

Table 11, XNumber and average length and weight by sexes and total sea lampreys taken in the Ocqueoc watershed .

in 1947
Males Temaleg
Average Average Average Averago
‘ length length  Average length length Average Total
Date location in Yature of HNumber in in mil- weight Humber in in mil- weight dand
1947 watershed cimens _taken inches _1limsters in taken inches limeters in
May il; Below Lower Falls  Migrants ; ig.: tz;; gg 3 ig; llgg gg g
26 nooom - .. 1 (83) 65 (ZBE) 1
May 29-June 1 Ocqueoc Lale " Y 12.5 L 168 ... 4
June Below Lower Falls Dead - 1 (16.3) (i1l (118) ... eve _ een 1
wspawansd
6 » » " Migrants 2 12.h ?;91 187 1 (15.7) (399) (134) 10
Jue 7-10 Ocqusoc Lakm " 16,6 22 17 2 18.7 75 2 g
12 Below Lower Falls " 37 16.2 Y12 131 L 16.8 427 177 31
14 . " . " 17 17.0 432 149 18 16.3 51 149 35
June 14-16 Ocqueoc lalke " 15.7 99 117 6 16.3 L) 133 11
16 Lower Talls Y ng 12.1 ﬁos 152 97 16,2 412 158 211
17 " " . 15.7 399 136 3 16,2 2 123 79
June 18-19 Ocqueoc lale » 13 12.7 399 128 1 1{;.5 lég éog ﬁg
20 Lowsr 4 Upper Talls ° 23 16.7 2l 180 17.1
20 Lower River Spamaing 11 15.6 396 120 zg 17.4 240 15
or spent
Junezfo-al O&q:ao;ﬁlm Uigrents lu iz.?’ z%'( }.gll 111‘ (]2.2-3) (E%) (%g) 32
r ) . .
21 Lower River Spawning 1 16,0 406 182 16 15.4 391 161 30
[ or spent
22 lower Falls Migrants 2 15.7 99 134 2 17.9 u55 192 4
2l Lower River Spewning 1 (16.6) (322) (208) 4 4.0 356 124 5
or spent
24 . n Dead or 11 16.0 Lo 169 5 13.5 343 92 16
dying
Juns 25-26 Ocqusoc Lak® Mizrants 5 16.3 4l 15% 5 15.% 39 127 10
27 Lower River Spawning 3 16.1 409 195 ... 6
or spent
28 . . Dead or ] 16.5 Y19 202 5 14,5 368 129 9
dying
29 " . Spaming 11 16,2 432 198 6 15.2 336 152 17
or spent
- . 2 15, 1
Trleds  oegmeslim  Mgmtn 1 (WD OB Q) § Bl @R aF
3rend totals and averazes 364 16.2. 412 159 315 16.3 uy 1657 679

. Averare based on migzrant specimens only. Fifty-eight spaming, gpent, dying or dead meles not included,
Average based on migrant specimens only. Forty spaming, spent, dying or dead fermales not included.
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APPEIDIX C

Tadle 12, Deily minirnu:, maximm, and mean water terperatures and water sauce
readinss for the Ocqueoc River with air tez:zperat’gres for the locality: March 31-
July 31, lakgN~

Tater terperature llean air

Date {Dezrees 7,) Tater terpereture

1947 Tine tin, Aver, e, ~auge (Derrees F,)
‘arch 31 0930 34 36.0 38 15,00 ho,0
A-oril 1 1000 32 34,5 37 14,00 34.0
2 0915 32 35.0 33 14,30 31.0
3 1030 35 37.5 40 13,20 31.0
y 0930 36 39.0 Y2 12,50 37.5
5 1600 32 37.0 42 12,10 37.0
6 0920 32 36.5 41 13.00 45,0
7 0930 35 39.0 L3 12,40 k2,0
3 1300 35 33.5 42 12,40 37.0
9 0gls5 33 38.5 h 12,00 39.0
10 0900 33 39.0 L5 11.20 36.5
11 0820 3z 43,0 Ly 11,00 b5, 5
12 0815 36 41.%8 u7 11,20 55.0
13 0215 iy 47.5 51 10.60 47,5
14 0830 L3 46,5 0 10.60 46,0
15 0830 39 W0 9 10,60 37.0
16 0930 33 38.0 43 10,50 33.0
17 0930 32 38.5 5 11.00 31.5
18 0930 38 1,0 Ll 11,00 42,0
19 0930 ug 43,0 ) 11.50 37.0
20 1030 ﬁﬁ L5 0 11,50 52.5
21 1030 45,8 o .ee 59.0
22 1000 L2 30.0 58 11.00 47,0
2 0815 41 47.0 53 11,40 47.5
2 0215 Ly 47,5 51 11,00 36.5
0515 Y| 46.0 51 11,20 36.5
26 0315 L2 7.0 52 11.%0 31.5
271 0515 Ik | L6,0 51 14,00 6.0
28 0815 46 Lg.0 52 13,00 52.0
29 0815 43 L7.0 51 13,00 49,0
30 1600 4g 51,0 54 11.00 58,0
Uay 1 1000 52 54,5 57 10.50 62.5
2 0930 52 g&.o 58 11.00 58.5
3 1030 53 .5 56 11,00 54,0
5 53 57.0 61 10.50 13.0
5 1015 56 62,0 68 10,50 61,0
6 1015 cer 64,0 11,00 Bt.5
7 1030 57 61.5 6 10.00 58.5
g 0915 47 54.5 62 11,00 52,0
9 0900 52 59.0 66 10,10 36.0
10 0900 5k 58.5 63 9. 7.5
1 0915 uy 53.5 63 10,10 40,0
12 0900 46 52.0 58 9. k6.0
1 0930 43 53.0 63 10,00 56,5
1 1000 L7 53.0 9 10.50 28.0
15 1000 46 g&.s 1 10,50 3.0
17 1030 H 58.5 63 10.25 23.5
18 1015 54 58.0 10,00 3.5
19 1030 58.0 66 11.00 66.0
20 1015 Lg 55.0 61 14,00 46,5
21 1000 Lg 53.0 zs 13.50 lstg.o
22 0915 Eg 57¢5 3 ‘12,50 3
ga 0930 50,0 60 12,50 .5
0915 E; 57.0 63 12,00 62,0
25 1000 54.5 60 11.50 45.5
26 0915 4g 53.5 58 11,00 47.0
27 0500 k5 51.0 Zg 11,00 k5.0
28 1000 kg 54,0 11,00 43.0
29 1100 51 54.5 58 10,50 50.5
30 1000 52 56.5 bl 10,50 55.0
31 1000 53 57.5 62 10,00 52,5

Continv~4 next pace
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Appendix C, Table 12, continused, \\

Water terperature Uean air

Date (Dezrees T.) Tater terperature

1947 Dime g, Aver, Yax, Zauge®’ (Degrees T,)
June 1 0900 55 60,0 65 9.50 60,0
2 0945 57 62.5 68 9,50 69.0
E 0930 60 65.0 70 9,50 76.0
0900 58 65.5 7ﬁ 9,00 67.0
5 0900 62 68.0 I 8.75 65.5
6 0330 57 4.5 72 9,00 63.0
7 0and 59 65.0 n 8.50 7.0
8 0930 56 62.0 b8 8,00 5.0
9 0915 58 2.5 69 7.50 52,0
10 0945 59 .5 170 7.00 61.5
11 0930 62 67.0 72 7.2% 64,0
12 0940 62 68.5 75 7.25 77.0
13 1010 67 71.0 75 6.25 20.5
U ogko 68 7.5 75 8.50 7.0
15 0920 68 70.0 72 10.50 63.5
16 0230 66 68.0 70 9.75 58.0
17 0900 65 66.5 68 9.75 1.0
18 0910 65 63.0 7 9.75 69.0
19 0900 55 65.5 76 9.25 66.0
20 0930 66 70.0 T4 8.25 6.5
21 0930 63 72.0 76 8.25 T4.5
22 0925 65 70.0 75 10.25 64,0
2 0915 66 71.0 76 9.75 65.5
2 0915 67 68.5 70 9.75 66,0
25 1000 67 70.5 T4 11.00 72.5
26 0930 68 70.0 72 16,00 72,0
27 1000 66 70.0 T4 13.715 70.0
28 Cee cee coe .ee ves ves
29 0915 69 72.5 76 11,50 70.5
30 1015 69 73.0 I 10.00 72.5
July 1 0900 70 75.0 80 10.00 72.5
2 1000 5] . 80.0 g7 10.00 72,0
ﬁ 0915 73 78.5 gh 10,00 4.5
0915 73 77.5 82 11.00 79.0
5 0930 68 75.0 82 11,25 73.0
6 0945 70 71,0 72 9.00 4.0
7 ogis 65 70.5 76 8.50 69.0
] 1000 66 7.5 17 9,00 70.5
9 0830 67 72.5 78 9.50 70.5
10 0820 4 65.5 67 10,00 65.0
11 0915 ga 69.5 76 9.25 60.5
12 1030 70.0 76 9.25 67.5
1 0300 66 71.0 76 9.00 67.0
1 0915 65 71,0 11 9.25 65.0
15 0915 67 71.5 76 10,75 65.5
16 0900 67 7.5 76 9.00 67.0
17 0900 66 72.0 78 9,00 71.5
18 0930 69 T4.0 79 10.00 4.5
19 0815 68 74.5 8l 8.50 79.0
20 0900 68 4.0 80 8,00 68.0
21 0830 67 72,0 14 9.75 61.5
22 0900 66 71.0 76 8,00 4.5
zi 0830 gz 70.0 77 9.50 4.5
2 0830 71.0 78 8,00 67.0
25 0900 66 71.0 76 10,00 75.5
26 0915 6 74.0 79 8.00 77.5
27 0830 7 78.0 82 8.50 82,0
2g 0825 Ip) 78.0 3 9.50 0.0
29 0820 72 78.5 :E 9.75 79.5
30 0820 2 78.0 9.50 73.0
31 0820 7 71.0 ™ 9,50 72.0

V¥ oan temperature data obtained at station on weir structure,
& Yater gauge readings are in inches and represent absolute depth of water
passing over the deck of the welr,
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Table 13,

APPENDIX C

the Ocqueoc River by dates and by cumlative periods in 1949,

Number and averaze length by sexes of samples talsn on alternate days and total sea lampreys taken in

Feppleyp
Average Avorage Average Average
’ length length length length Total
Date Number Humber in in mile Nuandber  Mumber in {n ml- Jddand
mea ghas ter, msasure incheg limoters 29 takxen
March 31-April 25 (Weir operation continuous - no lampreys talen)
April 26 (o} 0 ees 0
27 o} 0 0
28 16 16 19.0 hg3 5 5 19,2 4gg =4 |
29 21 11 . 32
30 245 145 11,5 LY I T 17,9 455 2i9
_April 26=30 282 161 17,7 50 90 9 18,0 4r7 272
May 1 14 61 206
2 662 133 17.3 39 23k 6 17.4 b2 898
z u2s 207 632
1,693 61 17.2 uz7 783 39 17.5 ks 2476
5 ,262 536 1,798
6 1,365 n 16.8 u27 636 29 17.0 §32 2,001
7 591 272 863
8 361 70 18,3 465 168 30 18.0 457 529
9 aus 163 506
10 _ 13 132 17,6 447 g2 68 17.8 g2 595
May  1-10 7,262 467 17,4 U2 3,242 235 176 un7
May 11 185 61 246
12 52 52 17.7 450 22 2 18.1 460 74
1 1(1)2 57 176
1 1 104 17.4 42 E’é Sh 17.5 yy5 158
15 110 156
16 101 68 17.7 450 46 W 18,2 167
17 342 177 Ziﬁ
18 36 65 17.2 y37 208 35 17.3 Y39
19 1,206 578 1,784
-] 219 61 16,9 1‘% 131 32 17,2 437 401
Bay  11-20 2,925 356 1.4 1,380 77 iT.7 57 4,308
May 21 235 109 4l
22 293 139 16.6 y22 1n 17.1 U3n EG"
2 19 82 277
y2 139 16.9 b2g 199 63 17.4 yh2 623
561 217 718
254 139 17.5 ils 75 17.8 452 329
27 160 58 218
28 u6 45 17.8 452 1 15 18.% 367 61
29 131 iu 165
30 M 1 23 1.5 yus 469
Moy  21-30 z,ég 17,1 1,104 17,5 pniy 3 728
May 31 512 . 232 T
June 1 639 g 16.6 422 307 16.9 k29 96
2 633 362 995
i 192 137 16.3 314 105 'L 16,5 419 297
89 49 138
2 209 106 16,9 429 123 58 16.9 429 332
7 255 83 16,8 h27 130 52 17.1 u3h 385
8 170 102 212
9 144 H 4g 4g 1.0 2
May 3)-Jane 9 2,947 582 22 1.539 302 16,8 Ro7 sjzi
Jene 10 27 ces ces ves 26 ees ese . 53
1 4o 17.1 43y 19 19 16.8 £9
12 37 eve - 25 62
1 22 22 17.1 434 15 b1 16.8 EZ
1 26 18
1 93 92 16.6 7 16.4 17 13
1 87 39 1
17 8l 17.1 I3k 3z 16,7 hal 119
18 kg 32 80
13 62 &2 )1.'222 %) 324
June _10-19 523 25 k27 28% 16, [3)

Contizued next page
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Appendix C, Table 13, oontinued,

Jwme 20 52 ves ose ‘e

3 38 38 17.1 43y 19 16.3 ny E‘{

25 10 "10 16.8 427 15.6 396 16
11 veo .ee cee

27 10 10 17.2 437 7 15.5 3 17

28 14 ves ees vos

2 y 14 15.5____%%
Tupe_ 20-29 g‘ﬁ 105 15,7

Fww ASEEND
-
o

30 16 12 28
July 1 1 1 15.2 386 y 3 15.0 33 15
2 y 3 7
a 4 4 15.8 401 0 4
(] 0 0
5 2 2 16,4 W7 4 Y 16.6 6
6 2 0 2
1 2 2 16.3 y14 0 2
5 ° aes eew (RN 1 o0 L XN 0 1
9 1 by 35.8) (ho3) 1 1 (15,0) jml———;z—
“June 30July 9 U2 _ 20 15, 396 25 g 15,8 401 1

s 16.0

see s see

'3 13.8 35
1 (15.5) (394)

el o

ey
OO0 0000 FHN

1
11 so e LR X ] LN LXRZ LR XX ]
18 LR LR ] LR ] LR LA R on e
19 pan as

s
B COoOO0O0o MO NN
.
.
.
EOOOOO#’HGUH

July _10-19 8 16,0 406 4 pLY ] 361 3g
July 20 o eee ven 0 ves 0
2 1 2 3

22 0 1 1

i 0 (] cos 0

1 L XN} LR N e . o LER] 08 [ XX} 1

2 3 vee (XN xR} 0 XY LX R} ‘o 3

1 L XN ) "ew LX X 0 .o o0 ee e 1

27 o LE A LEX ] L X o one LER] LN o

28 o o 0

2 Q sas ass ass [+] asa saa [

July 20-29 [ [} R Asa 3 [+) an 9
July 30 ] 1 1
Auguet 1 1 ees ces ees 1 .o “es P 2
6 0 vee ces 1 vee 1

11 1 0 ven 1

19 o see (XX see 1 see ‘ooc (XX ] 1

a2 1 0 1

a 1 an e LX) aee ° LN LX) LA N 1

30 1 doe ees eess o . 8o XX o0 1

n b] P ces (] .ss eee 1
3’9‘. 2 1 oo L XX LX) o sen [ XX] LEX] 1
7 1 0 .os 1

10 0 see 1 vee aee 1

1n 1 . 0. 1

21 1 eos 0 1

3 1 0 1

-] )\ sas. asa ata Q 2aa st asa )
“Jaly 30-8ept, 30 12 s asa e 1 P ssa AL

Totals and
Toand aversges 16,798 2,568Y 17,0 %32 .85 12 1.2 W7 A6

J/ Sazples obtained for length date coustitute 15.6 peroent of all sea lmpreys takma.
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Tatle 1, Numbersand Itinds of fish other than sea lamprers talen in the Carp
April 25<Fuly 15, 1947,
(upatrean misrants)

monthly perioda:

AFPEIDIX D

Creek weir swrarized by semi-.

Tot‘al
Spech)y Numbers of fisn taken iz semi-monthly perinds 2?::.:):
April Loy Jme July species

25-30 1-15 16-31 1-15 16-30 1-15 talen

Rainbow trout 7 3 1 5 1 0 17
Brook trout o} Q 1 o] ¢ o] 1
Brown trout o o] 1 o} o} o} 1
Northern pike 3 2 ) ] 0 ) 5
Rock bass 2 2 1 g 31 6 104
Smelt 4 56 11 0 0 0 538
Yhite suckers g 26 1,391 1,825 122 176 3,548
Redhorse suckers 0 143 4 0 0 152
Blacik bullheads 0 2 25 37 17 ] 89
1al® chubs 119 1,539 1,988 493 g ) 4,147
Oreat Lalss 0 200 4ug 151 5 ] o)

longnose dace

Comon shiners 5 16 60 27 20 10 138
Cresic chubs ] 0 1 ) 0 0 1
Eornyhead chubs 0 3 1 0 0 0 4
Finescale dace 0 6 23 0 0 0 29
Horned daoe 0 0 1 0 0 o 1
Muddlers ] 0 1 0 0 o 1
Mudminnows 0 1 o 0 0 0 1
Johnny darters 0 0 1 0 1 0 2
Silver lampreys 0 o 1 1 o ] 2
Grand total 9.585

VW Also tama during the weir operation were one painted turtle (Chrysemys pigts), two muapping turtles

(Chelvirs serpentins), and one water snake (Hatrix

2
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AFTEIDIX D

Table 2, Iumbers and linds of fish other thon sea l-rpreys talen in the Sarp Jreel: weir sumarized by semi-

monthly periods:

L4

(upstrean ni-rants

April 77 15, 1948,

Total
SpeciesV Tumbers of fish talen in semi-nonthly periods vraiig
April N4 June 4 gnecies
1-15 16-30 1-1% 16-3) 1-1% 1530 1-1§ talen
Rainbow trout 0 9 1 ) ) 0 o 10
Brook trout ) 0 1 0 0 0 ] 1
Rock bass 0 2 10 64 20 0 0 06
Smelt 0 17.4%05 k62 14 0 0 0 17,881
Yhite suckers 1 778 &n 859 320 0 0 2,820
Redhorse suciers o 12 6 1 0 0 0 19
Blac: bullheads ] 1 3 12 1 ] 0 17
lai» chubs 0 299 2,727 k197 55 3 0 7,281
Oreat Lakes ¢ 3,082 2,257 356 116 -] 2 5,798
longnose dace
Corxon shiners 0 163 105 29 50 10 0 5§81
Creek chubs 0 0 17 1 0 0 9 18
Zornyhead chubs 0 15 9 1 0 0 0 25
Pineacale dace 0 5 16 g 0 3 b} 32
Sticklebacks ] 1n 7 1 ] g 2 29
Muddlers 0 6 b 12 5 2 0 29
Johmny darters ] 0 ] 0 o 1 1 2
Unidentified 0 0 ) 1 0 0 0 1
Silver lampreys o 1 2 3 1 0 0 7
orand total 3n,656

WV A1so taken during the weir operation were one patated turtle (SArTesers nigte) sed cas water suaks

(Zatrix s. alpsdon).
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APPE.DIX D

Cable 3, 2hmbers and kinds of fish other than sea larmreys talea in the Carp Creez weir swwmarizei br senmi-

ronthly periods: April f<Tuly 18, 1049,

(upstream ninrants)
Total
number of

Spccies‘é’ Nuribers of fish talken in semi-monthly periods sach

Aprid Moy June July specles

o=15 16-30 1-15 16=31 1-15 16-30 1-18 taken
Zainbow trout o] 3 2 o] 1 0 0 [
Brook trout e 1 1 1 o] 2 0 5
3rown trout o] G e o} 0 0 (4] 2
Yorthern pike 1 0 o] o] o} 0 o] 1
Smallmouth bass o] 4] 0 0 0 2 o] 2
Rocl: bass 0 o} 7 19 11 6 2 us
Yellow perch 2 L 1 1 0 0 0 g8
Smelt 275 10,386 62 0 0 0 0 10,723
Waite suclers 0 90 606 166 n 271 () 1,810
Redhorse suclers 0 1 (4] (4] [o] [¢] ) 1
Black bullheads 0 o] 1 4 12 18 6 1
Lale chube 2 131 219 Urs 32 1 0 860
Great lakes 534 §.287 6,435 302 i) 57 0 15, 694
longsmose dace

Compon shiners 2 37 167 146 78 Ly 10 ‘512
Creek chubs 2 1 1 b 0 0 0 5
Stickledbacics 1 5 o] [} 0 [+] Q 6
Muddlere 18 42 16 18 s o 0 102
Unidentified i 9 16 1 0 3 o 33
Grand total 29,856

V Also talen during the weir operation were two painted turtles (Shrvsemys picta) and five mapping turtles
(Shelvira sexcentina).
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AFFESDIX D

Table 4, Yumbers and kinds of fish other than sea lempreys taken in the Ooqueoc River weir sumarized by semi-
monthly periode: April l-Tuly 15, 1949.
(upstream misrants)

Total

) number
Speciles ¥umbere of fish taken 1in wemi-monthly periods of each
April May June species

1-15 16-30 1-15 1631 1-1% 16-30 1-15 _taken
Rainbow trout 0 37 39 16 10 1 1 104
Brook trout 1 o 2 1 2 ) 0 '3
Northern pike 1 0 2 1 [o] 0 [ )
Smallmouth bass 0 o 10 36 39 14 3 102
Roc: bass ] 0 3 6 19 6 y 38
Bluegill sunfish 0 0 0 0 0 (] 6 6
Yellow perch 0 1 13 13 2 4] 0 29
Smelt 0 72 ] 0 0 ] ] 12
Wnite suciers 13 ko6 1,305 53 ] 3 ) 2,549
Redhorse suckers 0 282 324 0 0 2 o 608
Black bullhsads 0 ] o 1 25 36 2 143
Bowfin ] 0 0 o o ] 1 1
laks chubs o 2 1 13 2 1 o 29
greal lakes 0 61 L, 202 57 ™Y 158 1 5,926
longnose dace

Common shiners ] o ) 63 61 13 2 208
log perch 0 0 (1 9 1n Y 0 30
Unidentified ] 0 3 0 6 0 1 10
Orend total 9.865
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APPRYDIX D

Table 5, Nuobers and kinds of fish other than sea lazpreys taken in the Ocqueoc nivu- welr summarized by semi-
monthly periods: April l-July 15, 1gke,
{downstream migrants)

Total
number
Species Numbers of fish taken in semi-monthly periods of each
_April May June species
1-15 16-30 1-15 163 1-1?_T&m—%§ taken
Rainbow trout o] y 7 b1} 1 3 1 30
Northsrn pike 17 4 0 0 0 0 [0} 21
Smallmouth bass 1 2 0 5 16 19 3 L6
Largemouth bass [¢] 0 1 (¢} (o} [} (o} 1
Rock bass 1 1n 26 20 19 y 2 83
Bluegill smfish 0 5 0 0 0 0 1 6
Yellow perch 7 3N 966 602 54 6 2 1,6n
Swmelt 1 2 0 0 0 0 0 3
White suckers 1 12 ™ 98 205 w6 126 932
Bsdhorse suckers 0 26 96 133 a7 1 7 300
Black bullhsads 1 1 2 0 1 1 3 9
Sea eel 0 o ] 1 ] 0 0 1
lake chubs 3 3 3 1 0 0 0 10
Oreat lakes ] o 9 1 ] 0 o 19
longnose dace
Common shiner 0 1 34 7 1 o U5
Log perch 0 0 0 1 o 0 o 1
Unidentified’ 0 (] 0 12 s (] 0 20
Grend total 3,198
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Tadle 1. Length-frequency $able for sea lampreys collected in Carp Oreek, Prosqus lsle Coundy, in 1 198
sad 19%9. (Data pressnted by O,2-inch sisze grovps). HT. 15k,

— NMldpoint
of length 1947 Bom 1948 R 1949 Bup

Saxes Sexns Sexes

11,0 1 1
.8 1 1 e ..
12,0 1 1
. 1 1 1 2 3 1 1
.8 4 1 5 .
13.0 1 1 9 1 10 2 1 3
.2 3 3 3 eee 3 1 1 2
R 2 1 3 ] 3 11 3
.6 2 2 1 5 16 a 1 E
.8 1 3 4 19 5 24 1 5
14,0 6 1 g 17 6 2 Y 1 5
.2 N 2 13 1a 26 8 1 3
R 5 4 9 26 1 4o 9 y 13
.6 9 6 15 - 21 us 3 3 26
.8 8 7 1 37 18 55 22 2 24
15.0 16 10 2 59 uo 99 28 6 3
. 16 12 28 g 22 79 23 g 1
. 22 8 0 k1 101 1 12 3
.6 27 22 9 ™ Lo 115 2 19 61
.8 35 . 18 53 117 55 172 2g 12 ko
16.0 32 20 115 78 193 Eo 15 6
.2 29 26 55 55 30 85 1 25 3
R 50 28 8 ga Ea 153 45 21 66
.6 6 n 7 g 12 58 30 gg
.8 5 22 67 103 gé 1 38 15 53
17.0 % y2 17 103 165 61 27 a8
52 26 78 69 38 107 Ll 19 63
N Go 2% 66 9 >3 14 29 27 56
6 68 27 95 8l 6 127 27 17
g 43 30 B 18 42 120 38 1w 52
18,0 uy 20 67 85 43 128 23 27 50
.2 28 25 g 39 2 60 16 Lo
. 43 22 63 L 107 27 12 39
. 45 23 6g 37 3 7 25 10 35
.8 39 29 68 3 32 63 a 17 38
19.0 28 17 'ﬁﬁ 32 24 56 22 30 52
. 27 17 3 12 35 15 11 26
RS 20 13 33 22 16 38 10 1 21
.6 20 15 35 18 15 33 ] 12 20
.8 19 9 28 19 18 37 10 9 19
20.0 10 7 17 11 16 27 8 7 15
.2 13 y 17 7 3 10 L) 3 7
A 1 E 18 E 5 10 1 7 8
.6 6 12 2 6 6 L 10
.8 4 3 7 6 6 6 2 8
21.0 3 3 4 3 7 4 2 6
.2 1 1 3 1 l 1 1 2
WU 2 1 3 1 1 2
.6 3 2 5 2 2 ..
.8 2 2 1 1 2 2 2
22,0 1 1 2
.2 2 1 3
R 1 1 2 2 2 1 ves 1
.6 1 1 .ee
.8 .o
23,0 e .
.6 .
Totals 997 603 1,600 1,841 1,089 2,930 aw ¥ 1,38
Mean length 17.4 17.4 17.4 16.7 16.9 16.8 16.9 17.4 17.1
Standard deviation #1.52 +1,60 *1,55 +1,53 +1,57 +#1.55 +1,53 +1,51 +1,55

WV ncludes 15 specimens taken =t random on other than regular samplinz dates, Total specimens measured
constitute 49,0 percent of all males taken. .

\%/ Includes 1 specimen taken at random on other than regular sampling dates, Total specimens measured
constitute 52.7 percent of all females taloen,
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APFRNDIX T

Table 2, unr;th-fnq\unag teble for sea lampreys collected in the Ccqueoc Riyep,
Presque Isle County, in 1547 and 1949, (Data presented By 0,2-inch size grovps),

Midpoint
of length 1947 Bp 1949 B
sroup Sexes Sexes
{inchas) tales combin ap combine
11,0 e
'2 LR ] “en "we LER] ev e LEN ]
i){ LR X 90 s LR ] 1 1
-6 LER ] LEX ] LN ) [ R X ] LEN ] XN ]
.8 are .
12,0 1 1 1 . 1
2 4 4
.6 1 1 2 3 5 g
.8 3 3
13.0 2 2 6 2 8
.2 3 6 9 7 1 8
R 1 1 2 10 1 11
.6 2 ' 1 3 12 1 13
.8 5 2 7 18 9 27
14,0 3 2 5 28 10 38
.2 9 L 13 2 12 6
W4 12 9 21 3n 11 5
.6 12 7 19 7 29 66
.8 13 18 31 0 o 61
15,0 16 8 2y 18 3 112
.2 19 18 37 83 34 117
U 16 12 28 71 30 101
.56 21 20 Y 100 50 150
.8 21 12 3 100 55 155
16.0 21 26 7 132 Lg 130
.2 21 10 3 90 k3 133
A 19 17 36 92 54 146
.6 21 15 36 139 57 196
.8 19 16 35 10 1 155
17.0 13 10 23 13 l 108
.2 20 15 35 100 50 150
R 15 L 23 m 60 in
.6 5 1 120 57 177
.8 16 10 26 102 5 156
18.0 9 8 17 11 63 17k
o2 10 7 17 8 43 124
.lé 6 E 12 3 4o 11
. 7 9 38 13
.8 g y 8 6% zla 102
19.0 6 6 12 7 3 119
.2 1 g ) ol 21 75
4 1 5 36 36 72
.6 1 1 53 28 81
.8 3 3 29 18 Ly
20,0 1 1 37 22 9
.2 29 11 0
ol 17 8 25
.6 1 1 13 13 26
.8 ves . 6 8 1%
21,0 8 y 12
.2 1 1 11 4 15
R E 1 6
.6 3 7
.8 2 3 E
22,0 3 1
2 1 1
.6 1 1
W&
23.0 )
Totals 364 315 619 2,59  1,287% 3,884
tean length 16.2 16,3 17.0 17.2 17.]
Standard deviation ... +£1.68 +1,67 +1,69

V' Incluges 29 male sea lampreys not shown in Table 13, Appendix C,
€ Includes 25 female sea lampreys not shown in Table 13, Appendix C,
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 APFENDIX B

Table %, Weizht-fraquency table for },599 sea lammreys collected
in the Carp Creek weir, Presque Isle County, in 1947,

Yeirni group

(10-gra:= intarvals) l=les Yeonles Sexes corbined
?50 - 59 1 X N ] 1
60 - 69 ceo 1 1
0 - T79 1 1 2
g0 - 89 5 L 9
90 - 99 10 1 17

100 - 109 22 12 34
110 - 119 32 18 50
120 - 129 4o 233 63
130 - 139 gt L7 118
140 -~ 149 79 4o 119
150 - 159 98 9 157
160 - 169 101 g 1hg
170 - 179 87 46 133
180 - 189 85 42 127
190 - 199 60 39 99
200 - 209 5 28 83
210 ~ 219 2 37 79
220 - 229 y2 33 gg
230 - 239 38 26

240 - 249 31 20 51
250 - 259 a7 1z 39
260 - 269 16 11 27
270 - 279 10 14 24
280 - 289 10 8 18
290 - 299 9 7 16
300 - 309 10 5 15
310 - 319 3 7 10
320 - 329 3 3 6
330 - 339 1 1 2
340 - 349 2 1 3
350 - 359 1 oes 1
360 ~ 369 1 . 1
370 - 379 1 1 2
380 - 389 1 vee 1
390"399 es e s e .
400 - 409 1 1 2
l"]-o"""l9 see s s
uao - )429 L N ] * 00 L R
430 - 439 ces 1 1

Totals 996 603 1,599




APFEIDIX E

Table 4, Length-weight relationship of misrating sea lampreys tcolen in Carp Creel:
and the Ocqueoc River, Presque Isle County, in 1047, :

Total length in Meles Fernles
inches (by 0.2~ Fumber of Average weizht Fumber of Average welpht
inch length groups) specimens Qrams Ounces gpecimeng Grams Ounces
12,0 ces veu ces 1 75 2.6
.2 ave sew e ee eve *
ul" XN LN [ X ] LK ] .o see
.6 .es cee ces 2 66 2.3
.8 ves . ees ces .o cen
13.0 1 25 3.0
R 2 78 2,8 1 g1 2,9
.6 2 88 3.1 2 130 4,6
-8 6 100 3.5 5 98 3.3
14,0 7 103 3.6 3 93 E'?
.2 12 99 3.3 5 123 .3
R 17 105 3.7 12 110 3.9
.6 18 121 .3 11 114 .0
.8 21 117 4,1 12 117 4,1
15,0 28 124 iR 18 128 4,5
.2 32 121 4.3 23 123 4.3
i 4 137 4.8 19 128 4, R
.6 5 132 L7 37 133 4,6
.8 55 139 L9 0 137 4 e
16.0 30 143 L.9 5 153 5.4
.2 1 145 5.1 6 150 5.3
R 67 153 5.4 2 - 155 5.5
.6 20 162 57 46 157 5.6
.8 3 163 5.7 38 163 5.7
17.0 83 162 5.7 2 173 6.1
o2 70 i7l 6.0 1 177 6.2
R 52 174 6.1 38 181 6.k
.6 3 182 6.4 36 184 6.5
.8 gg 191 6.7 39 191 6.7
18.0 187 6.6 27 197 6.0
.2 7 198 7.0 31 209 7.5
. 8 206 7.3 23 222 7.2
.8 y 213 7.5 33 221 7.8
19.0 3 226 8.0 23 229 g,1
.2 28 237 8.4 20 243 8.5
RN 21 2ko 8.4 17 263 9.3
. 20 250 8.8 16 252 8.9
.8 19 252 8.9 12 26U 9.5
20.0 10 256 9.0 g 266 9.
2 13 27 9.6 n 266 R
RS 11 264 9.3 g 278 9.8
.6 6 277 9.8 7 274 9.7
.8 4 295 10,4 3 251 8.8
21-0 (XX ) LR [ XX 3 330 11.6
.2 1 28l 10.0 1 316 11,2
U 2 300 10.6 ees ces ves
.6 , 3 350 12,3 2 361 12,7
8 2 igg 11,3 cas . ves
22,0 1 1.1 1 3L 13,2
o2 2 359 12, 1 25k g.9
R 1 385 13, 1 318 11.2
.6 o0s see [N X1 1 36 15.’“
.8 8 LR N LN son see Py
23.0 [N L XN e s LX) ses
Totals 1,303 oo et 877 vee

213



*u033097100 JO eujy 3w ‘Pejumod 3ng ‘paszesexd jom 8IFe Jo Jequuu [[wuS ¥ JO UOTITPPE
04 oup 8y 37 ‘/ SUTT WO PesTI S3UNOD [EOTIeENU TWnaow Wody LTUFTTS I0IFIP seIndi eseqy exeqy A

sf1‘lot 908 ‘69 16495 861°64 IACHT] 920°€4 26699 #69°'sn 000°12 120'0e ABewjoeds zo uogqonposd 39g (1Y)
£+ €2+ 6°2- 6°0- 62+ e+ €1- 16+ 0% 1L+ Jozze eFwyueoies (91)
605801 s 9.8"€6 9984 115°69 26916 66959 o2h'ss #§®0' 2 299'% s¥%e zo zeqgmu pe3wInoTw) ($1)
93°¢ 119 61 alz 616 £6°6 96y oL°s of°1 £9°0 () votgoes eidwes Jo ygTey (4I)
sl 59 1382 16°Gx 5618 0£°9¢ 980 6h2g €675t 05°ST (wmeaF) Lreas zo yFrea TRyey (£Y)
0°G+ 6°6+ N9~ T+ 16+ n'9+ 70T+ §'t+ £e2- 0°0 20210 ePwiuscssyg (2T)
6h'211 088'¢L 16 ‘16 81009 631 hl 20%°9% oy 'sl 91n ‘64 925°'02 286°¢2 s¥ds J0 Jeqnu peswpEoTw) (IT)
6°¢ 0°9 0°2 I 2°¢ 0°9 'y 9°9 £ Lo (°o0) uoiaoee eTdmes yo emmyey (0T)
69l €194 282 L9k §°64 671§ 9°l€ 8k 9°€T 63t (*o0) £xwao 3o emrea TRyeg (6)
ol'g 989'9 189°¢ oln's 166°9 626's 766'8 2LE'6 296°1 et ‘wotgoee .u..lu-"«:huaﬂ.“ (8)
8¢1 L0t 96168 981 ‘48 G81°66 70919 2T0°€8 1£6'99 769 ‘84 000°12 986'Cz 3o TworIemn Lq sX¥e Twyeg (1)
91 92 291 1214 8Lt 281 21 JRe¢ oot ol swazd uy Ju@ren (9)
9£% L5h Gith En 2tn tith e 784 19¢€ et sIojempIITu W yPwel Twgeg (4)
TR 0°81 Gt it olt £°91 0°61 641 20t 9°21 seqouy wy PPasT [waog (1)
Infoef9 Ln/92/(9 in/Sz /S In/81/9 Lnf2/L /119 Lnfoe/9 Ly/S1/9 Ly/S1/9 L %% (€)
zeaty coembog  Jeary weSioqeyp  Yeeap drep  eelp drep  Yeexp drwg  Teeag drep  Yesap drep  jeexp drep  Yearp drwy  xearg doembog wmydeo zo vy (2)
(o gof C2# 954 tle tthé ol# 164 894 094 Jequnu ummpoedg (1)
WD waToesg

S53[I8A0 9Y3 JO
2079088 oldires woxjy A1TU07195WTABIT pre ATTU0TI6CMTCA PEUTMISIOP 9% SOUTRA 13TA POIVAIIOD ‘STNO0 TEOTIeMNW LG POUTWILLEP S® siexdme] wes o[WmeJ OT jO woyiompoxd F23y °1 olqey

£ I1QEALY

-

21k



APPENDIX ¥

Zadle 2, Data on size, weight and egg preduction for 70 sea lampreys with woights of owvaries and caloulated
number of sggs produced.

Total Total Total Weight Calculated
Specimen length length ! weight of ovary g 2 Total ege
B SR MM - A - .. K4 B0 0 D auao ) 0 a on DoAY n
60 12,6 320 : 13.750 24, 021
61 12,6 320 Zg 13,38 1,162 Ny 1,206
28 13.4 3ko £l 1.3 1,959 JZ 1,996
31 13.7 3us 101 13.90 32.372 1 6,388
59 13.9 35 90 20,65 387 51 6.538
58 1,2 361 100 13.93 eves “ve a,
2 k.4 366 104 6.62 42,103 1 42,122
16 M.6 n 129 14,67 31.7135 4o 31.775
53 13.2 gn 1go 21.8 50, 22 50,471
n 14, 71 137 19, 55, 898 5 55,
2.7 313 % 18.32 7 i 2 3
W7 3 99 22.3; 1,910 6 41,916
57 4.9 378 137 32, .ee .es ug, Bold
13 15.0 38 122 ;2 7 16,622 g 16,630
10 15,0 381 128 .8 66, 5525
7 15,1 sy 135 12,97 8,335 0 8,335
RN B T :
. . . 8,302
5 15.5 39 136 38.97 36.266 15 36.281
ag 15.5 a&h 179 31.85 4,917 55 T4, 972
15.9 132 26,46 ug, 875 5 4g, 280
by 16.0 o6 150 31.38 Lk, 20 2 4k, 205
au 12; Y 1.37 ;s.zg hs,hy‘ 10 h6,u27
8 16. 8. 57,9 ,

u 16. uy 182 36.30 e . .? 57, 322\1«
15 16, u7 2 16.98 61,023 0 1,023
3 16.7 149 16,43 57.512 20 57,539
52 16,8 1 43,65 ' 1 69,237
22 16,9 k 143 20.56 43 784 2 , 808
26 17.0 432 170 19,65 43,976 3N ,010
19 17.0 432 151 22,52 ,953 18 65,971
73 17.0 u32 178 1.55 6n.617F
56 17.1 434 16 5.97 9,198%
y 17.2 37 1 13. 48,183 17 8,200
36 17.2 437 36.17 52.239 2 52,571
1 17.2. 437 165 23.10 59,663 1 59,674
18 17.2 437 175 21.93 61,970 2 81,972
2 17.2 437 222 22,97 80,0 0 80,40
9 17.3 439 155 13.70 58,423 0 58,423
69 17.3 439 176 33,82 69,657 51 69, 708
27 17.3 439 198 31,38 82,373 16 82,389‘1/
zg 17.5 : 5 168 2ﬁ.81 eee 55, 4o}
1 17.8 52 182 14,55 55,801 12 55,513
66 18.0 u57 236 65.18 b9, 806’
68 18,0 457 ‘ 216 Lo k1 3'688 0 73,688
35 18.0 h57 253 40,28 ,330 34 8y, 364
B 18.0 457 228 Lo 52 91,373 21 91,394
ko 18,1 460 216 4g,61 77.425 0 25
65 18,2 462 222 GE.us 83,261 72 - 83,333
5 18.4 k67 179 14,72 47,670 4g 47,718
50 18.4 ket 198 47.02 60,912 3 60,015
20 18.5 470 236 L5, 55 80,135 8 80,1L3
11 18,6 k72 183 13,52 61,821 37 61,858
32 18.6 472 251 4o, 32 77,898 9 77,907
6 19,0 L83 202 26.92 53,147 0 53,147
42 19,0 Lg3 186 30,04 60,675 25 60,700
4 19,0 Lg3 226 35,82 73,501 0 73.501
67 19,0 4g3 283 77.35 86,829 15 86, 8l
39 19,2 4es 21 sh b5 77.481 E 77,486
30 19.4 ko3 303 g.53 79.93% 1 79,948
29 19,6 Log 285 9,02 73.101 10 3.1
45 19,6 hog 262 35.55 CIRDU 18 91,432
3 15,7 500 231 32,78 82,299 21 82,320
2 19,7 500 285 56,67 97,263 25 97,288
10 19.8 503 240 26,71 76,830 6 76,536
17 20,2 513 328 Lg.31 93,881 16 93,897
43 20.3 516 296 56.72 87.118 12 87,130
25 20.5 521 221 37.00 76,223 12 76,235
62 20.5 521 2710 59.23 ol 515 11 9k, 526.
63 21.1 536 316 7. 107, 138%

¥ Total nuber of egss determined by mumerical count (see Table 1, Appendix F),
Jumber of eggs not preserved at time of collectiom,
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APFIIDIX F

Table 3, Number of wnspamed eggs (develoned and vartially developed) in 40 spent and dead or d¢vinm sea lam-
areys ond estimated nercontase of potential egg droduction unspawmed for each individual,

Date of Total . Total . %%gg (Yo Potential Estimated

Specimen collection length " length Yeight ] a ege percentase
nunber (Qak7) {inches) _ (millimeters) _ (grams) dsveloped _Developed production‘)’" unspawned
1 July 2 11.8 300 [ 2,152 2,998 31,000 a,6
2 June Y4 12,0 305 a8 a2y 121 31,700 0.4
1§ July 3 12.b4 315 67 112 33,600 0.3
36 July 2 12.6 320 92 9, 880 34,500 28.6
10 July 3 12,7 323 8u 1,227 7 35, 000 0.2
29 June 24 12,8 325 101 13,21 35,500 37.2
38 June 28 12,9 328 99 10t 36,000 0.3
37 June 28 13.1 333 82 1,809 36,900 4.9
21 June 2k 13,2 335 7 69 37,300 0.2
16 Julr 1 13.3 338 1 4,080 37,800 13,2
2 June 2 13.4 340 103 519 38,300 1.l
o4 June 2l 13.4 340 103 225 38,300 0.6
3 June 22 13.7 348 102 890 Th a, 700 0.2
Q July 1 1a.s 351 79 470 3.879 0, 200 9.6
5 July 1 14,0 356 99 2271 251 41,300 0.6
32 July 2 14, 363 102 67 42, 800 1.5
g July 2 1%, 366 99 55 5 43,300 0.2
7 June 24 14 366 79 134 1,518 43,300 3.5
15 July 7 132 368 108 5 ﬁi.soo 1.0
23 June 28 1h, in 156 12 ,400 0.3
3 June g .7 33 131 6,392 45,000 1,2
33 June 1,7 373 118 6,386 L5, 000 14,2

Jume 29 1.8 376 11 222 hz.soo 0.5
19 July 2 14,9 378 1 LT 46,000 0.3
13 June 23 15,0 3gn 117 470 46,500 1.0

July 3 15,0 381 Pl 366 ug, 500 0.8
20 June 30 15.0 38 145 an . 500 0.6
40 Jwme 29 15.1 384 161 820 47,100 1.g
17, Juy2 15.6 396 166 322 49, 800 0.
32 Jume 28 15.6 396 126 3 49, 800 0.7

July 2 15.7 aga 112 33 8 50, 400 0.0
31 June 29 15.9 166 790 51, 600 1.5
26 July 1 12.9 Lok 153 92 51, 600 0.1
28 July 3 16, Wil 186 2,11 54, 000 3.3
25 June 28 16 u17 203 10, 54, 500 19.
12 June 26 16.7 L2y 116 980 56,500 1,7
U} July 2 16.8 ua7 123 1,397 57,100 2,4
35 Jme 28 16,8 ka7 201 1,101 57,100 19,4
30 July 2 17.0 u32 192 1,806 58,400 341
1 Jume 20 18.1 460 236 47 205 67,000 0.3

3’ Based on valuss obtained from ourve projected in Pigure 26.



Zone

1

Jabla 1,
tiie stations indicated,

AFFEIDIX 6

nean water level for the season, )

Swaiary of the phyaical choracteristice of the Osgusoc River, Presque Isle Sowmtr, as detersined at
(Data collected between June 21 and July 3, 1947; condition of strean:

Anproximntely

Station

1-a
1-B

-~
-

1-T
1-3
1-F
1.5
1-E
1-1
17
1X
1-L
1-4

2-4
2=3
2-0
2=D
2-X
2-F
2=6
2.2
2-I

34
3-3
30
3-p
3.8
3.y
5-0
3.
3.1
37

lisan

Averzge Average channel General Bottom t:pe
width depth velocity. character (dominant type Cover; char=cter
(in feet inches) (f.n.8, N of flow listed first) of watershed
(Estuary) ‘s Sluzcish Sand
47 . 1.9 Moderate Clay, ~ravel, climshells Wooded
(Ccqueos Lalm)
(Channel braided; partly umderzround} Sand Yooded
34 22,0 2.3 Slow-loderate Sand and clay Light second growth; pasture
28 29.0 2.8 Slow-lModerate Sand; some gravel dars Pasture
EO 17.5 wes Slow-dioderate Sand; many snars Heavily wooded
5 21.0 ves Slow-Moderate Sand; many snass Wooded; some pasture
4o 19.5 ees Slow-lodernte Sand and silt Wooded; maturs hardwood
32 21,0 2.4 Slow-loderate Sand and clay Wooded
37 2.5 2.0 Moderate Sand Wooded
33 18.0 2,6 Moderate Sand Wooded
27 20,0 3.5 UModerate-Rapid Sand; some gravel Lishtlr wooded
32 15.0 2.5 Xoderate Oravel and sand Lishtly wooded
25 11,5 2,8 Moderate Gravel and rubbls Yooded
ces e Noderats Rubble and gravel Tooded
“oe aes eee Moderate Bubble, rocl:, sravel Wooded
40 1.5 3.0 Hoderate Gravel, rubble Wooded; some pasture
on ves eee Moderate Gravel, rubdle Wooded; pasture
23 10.0 2.5 Moderate Sand, ococasional rubdble Pasture, marsh
18 8.0 oo Slow-lioderate Sand; gravel; ruddle Sulurben srea
30 5.0 ese Slow-toderate Gravel; small rubdle Partly woodsd
50 12,0 3.1 Slow-ioderate Oravel; small rubdle Heavily wooded
N 4.0 Sluggish Sand and silt Scrub brush
(Intermittent-not flowing)
12 24,0 Sluggish Musk Uarsh
30-45 1,0-4.0 see Slugzish Muck, silt Uarsh
28 30.0 ceo Slugrish Muolk, silt Karsh
20 24,0 .oe Sluggish Yuolke, ailt Uarsh
2 6.0 oes Slugzish Yugk Bwazp
22 18.0 aee Slugsish Uaok Swazp
12,0 .se Sluggish Mack Swarp
3 8.0 see Sluggish Maok Swanp

¥ Surface velocity X factor of 1,33,
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AFFPEIDIX G

Table 3. Daily minimum, maxisur, and mean water temperaturss, air temperatures, water gmuse readings, and weath-
er records for the Ocqueoc River: April ll-dugust 20, 19485/

Tater temperat)’-ure Lirt Yot wind
H {De; F, temperature ater gauge "
?.?u; Time Tin, Tear ez " AL visit (Desrees X.) (inm inches¥8” direction Teather
April 11 1530 4%  Lo.0 W 40 46 36.5 Calm Light overcast
12 1830 39 40,0 4 Lo [ 37.5 Calm Etgh ch;r\u
13 1300 9 59.5 40 Lo 1) 340 Calm
1 2000 0 1.5 43 43 uy 30.0 ] Clear
15 2000 L3 45,5  Lg ug 3 28,0 s Overcast
16 1715 u3 45.0 L7 Ly 3 27.5% W cl:ar
Y %% ﬁ ﬁg'g tg 1‘:174 32}1 26'3 :11; Rain
18 1700 . .
19 1;20 4 kg0 L6 uy 42 30.5 Calm Light overcast
21 1200 uy L5,0 46 45 46 30.0 Calm Gl:u
z %333 ﬁ ﬁg.(o) pi 1;(6) 2§ g.g : Overcast, warm
2 1%%0 49  s0.0 51 50 55 26,0 s Overcast’
25 1300 48 29.5 51 51 65 26.0 hu ] Light overcast, wamm
26 1200 50 52.5 ;2 5k 2 25.0 NE Ovez_-cut
27 10u45 gﬁ 5.5 56 53 28,5 bf
28 1215 ga.s 57 5 33.5 SE Clear
29 1235 gg .5 56 5 32,5 ENE .
30 1155 55.5 57 55 59 29.5 w
1ta 1 1230 55.0 58 56 5 27.0 ] .
v 2 1000 ?ﬁ 6.0 58 56 8 25,5 R :
a 1155 56.0 58 56 ug 24,0 XB
1130 ;3 56.0 57 56 Zg 23.0 i g;arcaut
2 1ms 23 % % 2 W Bt
7 1200 52 4.5 57 53 38 23.5 wY Cloudy, cold
g 0945 Eo 52,0 54 50 ag 23.5 b1 glanr
1015 9 515 K2 50 22,5 ¥ Cloudy
10 1045 48 50,0 52 50 u3 21.5 b1 Clear
11 1050 49  50.5 50 Lo 21.0 ] Overcast
12 1055 48 50,0 52 50 52 20.5 NE gm.r
w2 2 o3 &0 B s ¢
1 . .
12 1140 51 54.0 57 57 67 18,5 prs ] Ovex_uat
1 1100 53 55.0 57 55 20,5 E
17 10 5% gz-o 5; 22 68 g(l).g g Clear
3% iﬂg 2 5613 gs 57 a 19.5 E Blizht overcast
2 0955 5 57.5 60 5 69 18.5 Yy Oloudy, rain squalls
21 1 5 59.0 62 5 52 18,0 v Clear
ol 2oz 0% ox2 3 0 ¢ e
A 1085 53 52:0 57 56 26 16.5 m Overcast
:2 1100 gﬁ £6.0 Zg 59 3 16,0 w Olear
5 iwe 2 o 6 1 Fe o .
28 1100 b1 62,5 6% 62 55 1h.0 ™ Ratn (AM)
29 1020 58 60,0 62 62 7 1.0 NE cl:ar
30 1110 57  60.0 ga 63 y 13.5 W .
31 0945 59 61,5 63 13,0 i 4
Jwme 1 1035 60 62,5 © 66 T 13.0 mry .
2 1045 62 4.0 6 67 70 12,5 sw Clear, hasze
i 1100 67. TN g gs 12.5 m Clear
1246 66 68.5 n 2 12,5 pis ] Rain
2 1105 61 65.0 69 65 26 13,0 = cn:u
1045 2 65.0 67 67 13.0 X
7 1130 65.5 67 67 12,5 e Overcast
g 1135 63 65,0 67 [ 63 11.5 n Hase, emoke
9 1100 63.5 65 62 70 12,75 e B
10 1120 63 65.0 67 66 68 12,5 s¥ Overcast
11 130 63 65,0 67 22 2 12,5 b+ Oloar
12 1115 03 22.5 68 12,0 L Oloudy
1 0930 gz 0 69 66 62 12,0 v 01:».:-
1 1115 66.5 69 67 Y 11,75 w .
1 1145 63  66.5 0 22 3 11,5 b ] .
fome £ gt g & g2 Hp o om
W 1833 62 %5 61 05 57 11.25 m Overcast, rain
2 e o an & e wm o
2 1ok & 66.0 68 & 671 .75 = Overcast
22 0945 64 655 67 66 €3 11.75 o Bain
ga 1235 62 65.0 68 68 79 14,0 s 01:.1-
1030 EZ 9.0 T 69 g 15.2% v
R - R e 1325 g o
27 135 62 5.5 ls 68 I 12.76 = Light overcast
28 1000 66 685 N 68 12.5 T Overcast
29 1050 66 68,0 70 70 22 14,0 w Clear
30 68 70,0 T2 70 W75 b4 4 Overcest

g
{
g
i

page
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Appendix 3, Table 3, continued,

Tater temperature Alr
Date (De;Tees ¥,) temperature Tater ~au~e Tind
19u8 Time Min, lean Uax, At vigit (Derrees F,) (in inches)g/ direction Yeather
July 1 1415 65 62.5 72 69 66 14.5 w Clear

2 1120 67 69.0 T 68 IS 14,25 s Overcast
a 1200 67 68.5 70 68 78 14,25 b Jlear

1050 66 70.0 T 3 g3 14,0 s "

5 1015 69 72,0 15 75 20 13.5 s7 "

6 1030 70 TH.5 79 n 69 13.25 Pk Overcast

7 1030 68 0.0 72 70 n 13.0 ] Slear

8 1030 69 7.5 T 72 75 12,75 57 "

9 0955 n 3.5 76 72 78 12,25 ST Overcast
10 1045 72 4.0 76 75 85 12,0 i Slenr
1 115 3 7.5 178 75 g2 11.75 ESE .

12 1300 73 75.5 78 76 €3 11.5 SE v
1 1635 7 7155 18 ;E g1 11.25 sz "
1 1315 72 s 77 79 11.0 s "
15 1640 70 735 11 75 a4 10.5 XE "

16 1745 61 68,5 76 75 68 10.5 .. Cloudy
17 1015 L 1.5 16 12 75 10.5 b Rain
18 1145 71 74.0 17 T 72 10,75 hoat Slear
19 1300 69 72.0 75 L6 53-76 10.5 Tz "

20 1100 70 T73.0 16 76 £9-79 10.5 sw v
21 1235 69 12.5 76 72 2-86 10.25 E Rain
22 1100 69 71.0 13 72 273 10.0 e Rain
ZE 1030 67 69.5 72 69 56=T71 10.75 byt Pain
2 1745 65 630 T 70 53=76 10,5 T Clear
igy 1015 66 68.5 [2} n 51-77 11,25 wr "

27 0945 68 70.5 6] n 61-83 11,0 s7 Overcast
23 0925 69 7.5 T 7 5h-72 10.75 v Clear
29 1000 7 72,5 715 72 57-82 10.5 sv v
go 1030 n 7.0 75 L£] 70-83 11,0 ST .

1

dugust 3 1125 70 7.0 716 72 55-77 10.5 v "
2 1300 69 1.0 T3 n 51-T3 10,25 SE "

E 1420 no 71 I£! 55-77 10.0 b "

1920 68 705 T3 72 1-72 10,0 v "

2 1050 68 70.0 72 70 7-68 10.0 kif ]

¥ 0900 66 700 72 70 u7-74 9.75 (fone)  *

g

9/ 1100 68 70,0 T2 70 47-76 9.75 ne "

10 Rain
1IN 1530 67  69.5 72 12 52-80 11.0 w Slear
12 1100 68 70.0 72 69 61-81 11.5 SS7 Rain
1 1145 66 68,0 10 67 59-70 11.0 bini Overcast
1 1135 66 67. 68 68 50-72 10.5 v Clear
1 1235 66 68.0 70 69 5478 10.25 hoo:] .

1 1000 69 70.0 T n 77 10,0 SE "

17 1015 69 71.0 73 g} 59-82 10,25 ne "

18 1000 69 70.5 72 71 61-74 10.5 v Overcast
19 0930 68 70,0 72 10 5275 10.5 -] Clear

20 0940 68 7100 72 n 56=-78 10.5 (Zfone) "

Depth in midstream directly opposite water gauze is approximately 24 inches greater than gause readinge.

\\y/ Beadings taken at Station 1-B, 100 fect below the outlet of Ocqueoc Lale.
&/ A1l readings for 48-hour period.’
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APPEDIX G

Table 5, Depths, dimensions, and materials used in the construction of sea larpre~ nests iz the Ocqueos River

(Btations 1L to 1M). (All depths and dimonsions in inches. Bottom typs swibols: won _ sen ~ravel, 3/16" to

3/8" in dlameter; "U" - marble gravel, 1/2" to 1" in diameter; ¥Z _ eu pravel, 1 and 1/5" to 2 nnd 1/2" in Al
ameter; "R" - rubble; "S" - sand. A1) bottom types listed in order of doainance,)

Depth to Domnatream riw of nest Upstream rim of nest
center Dimensions Depth to Depth to Botton type—— Remarks on
of nest of nest sumit taterials surnii b lUaterials floor of nest __ location of nest
(Transverse bar - 3 x 27 feet)
12.5 27.0 x 35.0 4,0 P, U, I i R P, 8, §  Formrd slope of bar
12.5 13,0 7.5 P, U, E R P, R S . L
11.0 23.0 4.0 P, I, B ¥ R P. R " " o m
11.5 25,0 .5 P, E N R, S P " LI
12,0 26,0 1.0 P, E 8,5 P, E P Reverse slone of bar
10.0 21.0 6.5 P, I AV R, P P, R Torward elone of bar
17.0 36.0 10.0 P, U 13.5 P, ¥ P, S At banl:
(Trunsvorse bar)
1.5 22,0 8.0 P, N, B 12,5 P, R P, R Forward slooe of ber
12.5 30.0 6.0 P, U bV v B s R Reverse slope of bar
12.0 17.0 5.0 large roci, 7, M 9.0 s, u S, P Forwmard slone of bar
10.0 16.0 6.0 P, N 8.0 s, u P " LN .
10.0 22,0 4,5 P, U S 8,0 P, M P Crest of bar
12.0 28.0 . 5.0 i, E v P, B P, B Forward slone of bar
9.0 18,0 x 23.0 3.0 P, M, E T.5 S, M, R P " " " "
9.0 12.0 4.5 P, 6,0 s, ¥ P, S . " L
10.0 16.0 .5 P, M 8 s P, S " noowon
{Quieter water between bars)
8.5 20.0 L.5 P, M, E R 6.0 ¥, B P, 5, R Profile of bottoxr level
(Transverse bar)
10.0 19.0 3.0 M, I R N4 u, B P Porward slope of bar
8.0 22,0 2.5 K E 5.0 ¥, EZ, R P, U Crest of “ber
10.0 , 14,0 4,0 P, M B 9,5 U, R P, S Porward slone of brr
10.0 14.0 3.5 P, U, E 3 v B P, S, B " noom
10.5 19.0 3.0 P, ¥, E 8.5 1, E P, ¥ n u n "
10,0 19.0 3.0 P, U4 E 8.5 i = P, U " n " "
13.0 23.0 5.5 u, 3 7.0 u, 3, S P u w oo
14,0 25.0 7.5 P, ME S, R P, S " " " "
12.0 23.0 5.5 u, = 9.5 P, U P, U Crest of bar
15.0 23.0 8.5 P 12,5 L, S P Forward slone of bar
13.5 16,0 9,0 P, R ¥ 12,5 PO S, P " " " "
13.5 15.5 9.0 P, R ¥ 12.5 i, 8 s, P f " " "
16.5 29,0 9.5 P, U 12,0 u, S P " " L "
18.0 22,0 x 29,0 9.0 P, U 15,5 P, S P, S " L
17.0 30.0 10.0 P, ¥ \;/ S P, U S tmder overhan~in~ ban:
(Gravel bed--quister water between two riffle areas)
13.0 25.0 7.0 . ] 10.0 ¥, E P
15.0 22,0 9.0 ¥ = 12.0 u, B P, S e
13.0 24,0 1.5 I, B 9.5 u, E P, 5§
4.0 22,0 x 26,0 6.0 i 13.0 u, = P, 8 Tnder overhan~iag benk
15.0 . 19.0 11.0 P, U 13.0 i, B P e
18.0 27.0 11.0 P, U 15,5 P, I P “es
19,0 28,0 13.0 u = ‘%/ 3 P cos
0 25.0 17.0 Snaz, ¥ v P, R P, R cee
_ (Broad transverse bar)
11.5 16.0 5.0 B, U % T, R P, R Forward slove of bar
13.0 18,0 x 24,0 4,5 E 11.5 E, R P, R " n " "
14,5 17.0 x 23,0 5.5 E 13.0 1, E, R P, R " " " "
16.0 18.0 x 22.0 5.5 E 15,0 P,U, R P, R " " " "
1"".5 19'0 7.0 E, b4 é/ P, R P, h:d " n n "
12,0 21.0 x 25.0 5.0 Y, B 10.5 ", E R P, R " L
Average 13.0 22.1‘y 6.6 cee 10.5 cee ves oo

VUpstrom rin of nest poorly ‘defined or not elaborated durins~ nest sonstrustion, Mterials listed
a.n% bottom & tmmediatelv upstreanm from nest proper,
2/ Uean diamster of asymetrical nests included in average.
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AFFEIDIX G

Jable o, Tenths, dimencions, and materials used in the construction of sea lamprey nests in ths Ocausoc River

(Stations 1L to 1L), {All depths and dimensions in inches, Bottom type symbols: "P¥ - pea cravel; 3/16" to

3/8% in diameter; ™M!" - marble ~rawel, 1/2" to 1" in dimmeter; "S¥ -~ err sravel, 1 and 1/un to 2 mnd 1/2% in &i-
ameter; "' - rubble; "S" - eand. All bottom typee listed in order of dominance.)

Deptl. to Downstrean rim of nest trean of nest
center Dizensions Depth to Depth %o Botton type.. Remarics on
gf nest of nest supit Materials summni t Materials floor of nest location of nest
2.0 31,0 x 48.0 ¥, T i s 8. P
22,0 17.0 e P, U s ] Located on small scattered
:‘3.0 17.0 ces !l-f. 1!3 t g 2 patches of sravel on vre-
24,0 19.0 eae 2, 5 doriinantly sandy stre
255 20.0 x 27.0 1.0 1 E, P ¥ s 3. p,] ¥ o bed
1k.o 11.0 P ¥ P S, P
1.0 37.0 4,0 B, P ¥ s, P s, ® Gravel riffle behind
15.0 13,0 6.0 M, E, P v ¥, E P ) 0ld lor deflector
12.0 15,0 20 M, B P L u, P, S s, P
15.0 25.0 o5 v, E 13,0 P Clay, P
23.0  36.0 x 40.0 14,0 s t P. S P, S .
27,0 25,0 x 28.0 18.0 P, U s P, Y, 8 Vidstream
28,0 17.0 22,0 ¥, E, P S d u, s P, S
25.5 5.0 - 20.0 u, E, P v u, 8 P {s«m-na gravel pockets
28,0 12,0 x 30.0 22,0 014 log, M » ¥, s P, U in midstream
32.0 2L,0 x 36.0 22,0 u, S i: Olay P, N Vaterlogged sticls in neat
19.0 24,0 x 26,0 13.0 u = 014 deadfall 8, P Midstreanm
22,0 21.0 x 20.0 13.0 T i s P, M Yorward slops of bar
20.5 16.0 12,0 ¥, B s P ° "o e
10.5 26.0 14,0 T 14,0 YA ] P, M Crest of bar
22.0 20.0 16.0 T by 8 P Torward slops of bar
18,0 16.0 x 21,0 12,0 U, B 17.0 M, R ] J B e oa
11.5 16.0 x 19.0 3.0 P, U2 10.5 P P, S . LI
4,5 16,0 9.0 x 11,0 I P Crost of bar
16,0 19.0 x 23.0 1.5 P Y X ¥ s P, S Torwerd slops of bar
24,0  18.0 x 21.0 15.5 .2 nd S, R P, R » v e
29.0 18,0 25.0 P, M 2 25.5 P, Y E P Raverse slope of bar
'35 23.0 18,5 P, M X 21,0 I P, 8 Torward slope of bar
22,0 19.0 x 26,0 14,0 u = 19,0 M, E R P . v ox
20,0 21,5 1.0 P,u 2 <3 8 P . . = n
16.0 16.0 8.0 K B t s P . « v o
1,0 14,0 4,0 ' 8 P . " s
12.5 14.0 .0 M, ¥ v s ¥ a . e
12,0 4.0 3.5 u, ¥ s ) . LI
Aversge 20,2 21,0% 12.3

>4 Upstreanm rim of nest poorly defined or not slaborated &uring nest oomstrusticn, Maserials listed are
bojtom type immediately upstream from nest proper,
Moan dlameter of asymstrical nests inaluded in average,
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APPEDIX

Table 7, Depths Adimensions, and materiale used in the construction of sea lamprey nests in the Little Ocqueoc
River (Station S5B). (All depths and dimenelons in inches, BSottom type symbols: "P" ~ pea cravel. 3/16" to
3/8" in diameter; "U" - marble gravel, 1/2" to 1" in dlameter; "E" - egg gravel 1 and 1/4" to 2 and 1/2" in di-

ameter; "R" ~ rubble; "S" - sand. All bottom types listed in order of dominance.)

Depth to Downstrean rim of nost Upstrean rim of nest

center Dimensions Depth to Depth to Bottom trpe— Remarks on

of nest of pest gunpnit Materials saarit Materials floor of nest location of nest
7.5 20,0 2,0 ¥, E 4,0 ¥, E R P, R Porward slope of bar
6.0 16,0 0.8 O 1.0 K E R P . LI
1.5 10,0 5.0 E R 4,0 E R P Intermediate between bars
8.5 17.0 4,0 1 Z.O | E ] P Uidstream
9.0 10.0 5.0 E, R .0 u P, R "
10.5 17.5 11,5 R, P E 8.0 ¥, E R P, R "
10.0 17.0 = 23,0 5.5 P, R 8.0 P, S, R P, M Under roof of lo=s and cedar
9.0 ., 16.0 4.5 B, large rock 4.5 ¥, E P Midetrean bows
6.0 18.0 x 20.0 2.0 u B & u, B P Close to bank
11.0 19.0 x 20,0 3.5 ¥, E R.O S, P, U P, S Midstream
6.0 14,0 3.0 P, M E N X R P, S Forward slope of dar
7.5 13.0 x 14,0 2.5 P, M X 3.0 u, E P, S . " LI
8.5 .0 2.0 P, Y4, 3 E, R P, R Aidstrean
8.5 13.0 x 21.0 2.0 M, E P, R P "
10,0 22,0 3.0 ¥, E 6.0 P, L, R P, R "
10,% 14,0 5.5 E, large rock 8,0 P, R P, R Forward slope of bar
10.0 24,0 2.5 ¥, B t M X P, R . *f 0o
7.0 13.0 2,0 U = u =z P, 8 Under snagzs near bank
7.0 17.0 2,0 P, U = 3.5 P, M P Midstrean
7.5 23.0 1.5 P, H, ) u.s P' u P M
a.5 21.0 3.5 4, = & ¥ E P, R Torward slops of bar
8,5 12.0 6.0 P, M, R 7.0 ¥ R P, U E " " %
10.0 22,0 x 24.0 2.5 P, U,E 3 R} P u . .
9.0 22,0 k.5 I, B, M 3-5 R P. R Hidstream
7.0 18,0 3.5 E, R «5 R P, R »
9.0 16.0 «0 P, M 7.0 P, B P, 8 Close to bank
15.0 20.0 3.5 K E 11,0 L, R P Nidstream
9.0 14,0 2.0 iz A R P Close to bank
1.0 14,0 1.5 P, M 3 P, N P Midstresm
12,5 25,0 6.0 I, U S 10,0 M, B P L]
13.5 19.0 7.0 Larze roc;. " 9.0 P, M, R P, R .

Average §.0 17.7% 3.6 ves 6.1 voe eee

¥ Upstrean rim of nest poorly defined or not elaborated during nest construction, Materials listed are
bojtom type inmediately upstream from nest proper.
Mean Adlameter of asymstrical nests included in averege,
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Table 3.
(Station 2B),

APPEIDIX G

Depthe, dimensions, and materials used in the construction of sea lamprey nests in the Ocqueoc River
"P" ~ pea gravel, 3/16" to 3/8" in
- ozg gravel, 1 and 1/U" to 2 and 1/2" in diameter;

(411 depths and dimensione in inches,
diameter; "I" - marble grawvel, 1/2% to 1" in diameter; "E"

"R" = rubble; "S" . sand.

Aotion type symbols:

All bottom types listed in order of dominance,)

Depth to Downstream rim of nest stream rim of nest
center Dimensione Depth to Depth to Bottonm type—— Remerks on
of nest of nest sunezit Uaterials sumit laterinls floor of nest loocation of nest
11.0 16,0 7.5 P,E R 8.0 P, R P Midstream
11,5 21,0 7.0 ?,E, R 8.0 P, R P L]
10,5 13.0 6.5 P, I 6.0 P, I, R P "
13,5 18,0 10.0 P, N 10,0 P, R P "
13.0 18,0 6.0 P, U 10.5 P, I, R P, ¥ L
11.5 20.0 8.5 P, U 9.0 P, M P, R "
11.5 17.0 5.0 P, M 9.0 P, 1, R P Thrse feet from bank
10.5 19.0 5.0 1, E, B 8.0 P, R P idetrean
13.0 20,0 7.5 1] 10.0 P, ¥, R P Six feet from bank
JA1,5 26,0 6.0 P, M, R sig P, Y4 E P nou . -
9.5 21,0 L5 P, E P, R P Two fest from bank; over
10.0 17.0 5.0 P, U E 6.5 P, U P, R Midstrean vy bashed
2.5 10.0 x 16,0 6.0 P, N, = 7.5 P, M E P "
9.0 .0 4.5 P, ¥ 6,0 P, U P Tifteen fset from dank
12,0 17,0 x 21.0 6.0 P, 4 E P, N P Two and one-hal? fest fr
9.0 22,0 3.0 P, I 6,0 P, U, 2 P At ocurrent split a4 hgad o
11.0 20.0 6.0 P, M, E P, ¥, R P Side channe1 "mall s
11,0 19.0 6.0 P, U 8.5 P, X P Kidstream
.0 21.0 2.0 P, U 4,5 P, ¥ P
13,0 22,0 x 25,0 2.5 P, U bV b P
1105 17-0 -5 Pn Y '8 5 Pv ¥ P 8oattered across
11.0  11.0 x 16.0 6.5 P, U t P, B P stream bed
12,0 15,0 6.5 P, ¥ P, ¥, R P, R
9.5 13.0 545 P, U .’i? P, R U P, R
10.0 23.0 x 27,0 . P, U P, U R P
3-0 7 33 gzgl 0::6.::%!!!&% of log
Average 10.9 18,85 5.8 7.8

3 Upstream rim of nest poorly defined or not elaborated during nest construstion: materials listed are
botton type immediately upstream from nest proper,
lean diameter of asymetrical nests included in averapse,
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APFREIDIX O

Tahle 10. Sexual maturity, solor of liver, and intestinal and rectal diameters of 288 migrant and spawning
male sea larpreys from Carp Creek, the Ooqueco River, aud Ocqueoc lale, Presque Isle County.

Color of liver Diameter of Diameter of
Average {Bumber of specirens)  intestine rectun

Dates of  Mizrant Number total Orange, Tellow, {in millimeters) _(ip millimeters)

collection or of length Humber with sonads Orange- TYellow- Mini- Aver~ Max- Mini- Aver- Max-

qly ppawning e Lmep es) Fiym Soft Ripe yellow sreen : imun mop  ape  dmgm

May 1-5 Micrant 25 17.7 25 e 2 evse 6.5 8.0 10.5 4,5 6,1 §.0

4 s 4,5 6.3 8.0 3.5 kg 6.0

tay 11-15 . n 17.4 31 R L 5 T.BW 12,5 W5 6.2 11.0

12 5 6.0 8.0 4,0 E.o 7.0

¥ 4,0 5.0 6.5 3.0 .1 5.5

May 16-20 . -1 17.3 2 vee 10 ver 6,0 7.5 10,5 4,0 6,0 9.5

10 ves M5 3.5 g.o 3.5 k4.5 6.0

3.5 .9 5 3.0 3.9 5.0

May 20-2% " 3 17.9 233 eee 11 eee 6,0 6,7 7.5 L.0 E.o 5.5

4 ess 5.0 E.l 5.5 4,0 E Z.o

8 3.5 oM 5.0 3.0 3. .5

June 1-5 . 50 17.1 50 P 4 .o W5 5.6 7.5 3.5 kW5 6.0

17 ees 5.0 2.5 6,0 3.5 4,5 E.o

2% 2.5 Jd 5.0 20 34 &5

June 6-10 . 28 17.1 25 2 1 ... 9 ees 4.5 5.6 6.5 4,0 4,8 6,0

19 2.0 3.3 50 1.5 2,7 U5

June 11-15 . 39 16.7 38 1 ... 1 (3.0) R L X ) R

12 ees W0 WU 5.0 3.0 3.7 4,0

26 1.5 2.9 5.0 1.5 2.5 k.0

Jme 16-20 . 30 16.0 2 b S 15 ees 3.0 ko E.o 2,0 3.3 ho0

15 2,5 3.2 0 2,0 2.8 40

June 16=20 Spawning 11 15.6 11 ... 11 1.5 20 2,5 1.0 1.6 2.0

June 21-25 HUigrant 5 17.3 5 1 (E.o) e . 4,0) ...

3 eee 4,0 .1 4,5 3.0 3.7 L0

1 ... (2.0) cee oee (2.5) ...

June 21-25 Spawning 7 16,5 T oo 7 2.0 22 2,5 1,0 1,8 2,0

June 2630 Migrant 3 15.7 3 3 ese 3.0 3.5 4,0 2,5 2,2 3.5

June 26-30 Spawning 11 16,2 1 ... 1 1.5 2.1 2,5 1.0 1,7 20

July 10-15 Migrant 1 (.70 1 .. 1 ... (2,0) B ¢-X) I
Total ass
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APPENDIX &

Zable 11, Sexusl maturity, ooio:r of liver, and intestinal and rectal diameters of 150 migrant and spawning
femnle sea lapreys froa Jarp Creek, tis Ocqueoc River, and Ocqueoc Lalke, Presqus Isle Cownty.

Color of liver

{Cupber of gpecimens) Dianeter of Dianeter of
Averae Reddish- intestine rectun
Dates of "izrant umber total brown; (in millimeters) (in millimeters)

T s
Firm Soft Ripe

rs
colle::cion or of length (in Fumber with gonads BReddish- Brown- Darl Hini- Aver- max- !ini- Aver-~ llax-
9 8 Al e BY) AChS Qranse groqn - aJse vl o

anse green nibra a T mam

Uay 1-5 Ligrant pL 18.2 b L 2 9.5 10.8 12,0 80 9,0 10,0

L 7.0 9.0 10.5 g.o 6.9 1.5

3 7.0 1.0 T.2 5 5.3 6.0

Nay 11-15 ] 21 17.3 1% 7T ... 1 e (20,0 ... (B.E)

8 ... 4,5 7.8 12,0 45 6 9.5

12 3.5 4,8 6.0 2.0 3.9 5.5

May 15-20 " 12 17.8 12 ... 3 . 5,0 63 7.5 3.5 k2 U5

9 3,0 k7 6,0 2.5 3.7 6.0

lay 20-25 . 10 18.1 8 2 .. 5 ees 5.0 g.s Z'O 3.5 43 g.o

5 3.5 .8 5 3.0 3.6 5

Jwe 1-5 . 28 17.3 28 ... 5 aue k.5 L 0 6,0 4,0 4.3 )

23 3.5 E.6 5.5 3.0 3.6 3.5

June 5-10 " 15 17.1 1% 1 3 eee 50 5.7 6.5 M40 47 6.0

‘ 12 2,5 3,6 50 20 3.0 Lo

June 11-15 U 32 16.7 18 13 1 3 e 4,0 %5 5.0 3.5 3.8 Ko

29 1,5 3.1 55 1.0 25 b0

June 16-20 . 32 16.5 9 23 ... 2 ... L5 4,8 50 3.5 3.8 4o

30 15 31 80 1.0 25 4o

June 16-20 Bpawning b 17,4 4 Y 20 21 25 15 1.8& 20

June 21-25 Migrant 3 W7 1 2 cen 3 25 30 35 20 271 30

June 21-25 Spawning 8 15.0 g g 1.5 1.9 2.0 1.0 1,5 2.0

June 26-30 Vigrant 2 16.5 1 1 2 3.0 3.0 30 25 25 &5

June 26-30 Spawning 6 15.2 6 6 1.5 2.1 25 1,5 1.8 25
June 10-15 Nigrant 3 15,8 1 .ee 2

1 ... eee (300 oo ... (R225) ..
2. 2.5 2.0 2,3 a5

Total 190
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AFPRIDIX R

Table 1. Leagti-frequency table for larval lamreys collected in the Coqueoc River in Aurmust and Cctober, 19U7,

and llay, 1545,
Total - Qotal
len~t in len~th in
millimeters e upmber of Jarvee nillimeters 3 or of
(midpoint Anzuat, October, May, (midpoint Augast, October, Uay,
of 2 m, 1947 1947 1948 of 2 m, 1947 1947 194g
ze 1 collection collect ecti size lect ollection collection
11 10 91 22 18 11
13 86 93 25 21 20
15 187 95 26 20 16
17 170 97 19 22 17
19 53 3 99 20 18 19
21 3 35 101 27 4o 19
23 £6 123 23 27 16
25 31 3 105 25 26 21
27 4g 10 107 20 22 16
29 g 31 109 19 20 14
31 1 3 37 111 19 16 15
33 n 113 9 16 17
35 5 27 115 21 12 18
37 za cos 17 117 g 13 10
39 6 7 112 2 1 22
iy 43 13 4 121 8 9 14
u3 45 15 4 13 4 5 11
45 51 30 4 125 2 5 11
u7 36 33 17 127 6 5 5
49 22 Lo 15 129 2 3 9
51 18 32 33 131 3 6 5
53 12 33 33 133 3 7 5
55 16 2 0 135 2 5 5
57 7 20 21 137 1 4 1
% 10 16 2 139 1 4 4
61 20 12 19 141 5 3 2
63 1 12 32 143 3 n 3
1 12 26 145 1 6 3
67 14 pen 35 147 1 y 3
69 17 12 27 149 1 5
fo 16 7 2g 151 1 3
73 13 18 29 153 1 3
5 16 1 a4 155 vae oee oo
7 9 & % 157 1 2
79 16 13 16 159 1
31 16 8 18 161
3 16 17 14 163 1
85 18 13 2 165 1
87 19 10 167 ees oes 1
39 2h 2 9 160
) . 171 ace sen 1
Totale 1,384 1,063 1,039
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AFFENDIX B

Table 2, Minimum, average, and maxdmm length of young-of-the.year
sea lamprey ammocostes collected at intervals during their first
season of growth,

Date of Fomber of Total length 1n
ey Eecten v >4
July 24 107 7.5 10.5 16.5
August 25 129 11.0 17.7 28.0
October 1 155 16.5 21.8 32.5
October 30 97 18.0 22,6 30.0
December 12 50 18.5 2.0 29.0
January 9 10 18.0 22,6 29.0
Total 548

V At no tims during the first season of growth does the sise
range of the young-of-the-year overlap that of the next oldest
age group,
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AFPEIDIX 1

Tadle 1. husbers and winimas, avera-e, and maxitnrs total lensths of newlv=trans-
formed sea lamprerys migrating downstrean in the Gcqusoc River durin= the wiiter of
1948-1549 witi weather and water temperature and water level data for tre veriod.

Ses lecpreys

Date Lisan water Water owly-t £o; t

1948~ terperature level Tumber _Jo en~th in &
1349 Time (Degrees ¥,) {incbee) Teather toien lin, Aver, Sax,
Oot. 24 0930 7.2 Clear ]
2 0930 1. . 0
o9li5 8.0 . ]

21 09§ E.0 " 0
28 0940 8.1 . 0
29 oghs 1.7 . 0
30 0910 eee 8.1 Yog 0 .ee oee
n 1030 e 8.0 Overcast [o] ore .“re
Yov., 1 1000 Lz.0 8.2 . 1 (131)
2 0835 k9.0 8.1 . 0 ...
z 0930 48,5 8.0 . 0 ...
1010 49,0 8.l . 0 ...
z 1000 49,5 g5 Bain 0
1100 49,0 8,5 " 0 ...
7 1000 ug,0 9.0  Overcast 0 ...
8§ 1010 46,5 8,6  Olear 1 ...
g 0935 .5 8.4 . 1 .. (inn) ...
10 O9ao W0 6.4  BRain; mow 1 ree vos vee
11 095 45,5 8,6  Bain 1 ... (132) ...
12 0945 :z.o 8,5  Clear 2 .. e wee
1 0925 .5 8,5 Bain 0 ...
b1 1100 4,0 8.7 Snow 0 ...
1 oes Snow; rain 0
16 o5y w0V 8.6  Clear o ... cee  aee
17 1010 43,0 9.0  Cold rain 1 ... (140) ...
18 1000 42,0 9.1  Overcast o ...
19 1015 .0 9.2 . 1 ... (au) ..,
20 0930 41,5 9.2  BRain 2 ..
2 100 41,0 9.2  Clear 7 13 W5.6 1718
2 110 41,0 9.3 Rain 2a ...
2 1100 1.5 9.2  Clear 23 19 1342 163
0930 41,5 9,2 .
2 1700 ver 9.2 Oversast 129 116 1327 15
1045 y2.0 9,2 Clear 109 ese " aee
21 1030 42,0 9.2  Overcast 63 118 bL R )
23 1115 9.5 9,2  Snow Eo
29 1025 .0 9.2  Olear 7 118 136.5 192
30 1055 39.0 9.2  Overcast 69 ...
Dec. 1 1015 38.0 9.2  (Clear uz 120 135.0 172
2 100 ;7.5 9.0 : 1
1020 7.5 9.0 1 1 135.1 6
3 1045 37.0 9,0 . aE 23 35
z 1100 37.5 9.0 . 20 116 133.9 157
1110 37.5 9.1  Snow 21 ...
7 20 38.5 9.1  Overcast 122 120 137.2 184
& 1045 35.5 8.6  Suow L S
9 1100 .5 8.3  Suoow 2 126 12,0 160
10 1055 34,0 8.3 . 1 ...
1 osgg 33.5 8.2  Clear ) (138) ...
12 1 33'5 8.5 Rain 2 ..
1 o855 .0 8.5 Owercast 2 137 W2,0 1wy
1 0915 33.5 8.2 . 0 ...
1 [ gg.s 8. Snow 0 ..
! 1030 .0 8.6  Clear 3 ..
17 1 34,0 8.6  Saow 0 ...
18 P ooe Overcast [}
19 1w0s0Y 340V £.6  Clear 30139 12,0 1
2 0555 3.0 s.g . .1‘ 3 5

1100 33.8 5. Snow 1 s, 1
22 1100 33.5 8.6  Clear 6 3} 55 59
2 1100 33.5 8.6 . 6 1n7 1_.2 g
1115 33.0 8.6 . 0 ...

vou “ee vae Overcast 0 oee e oo

E Y 330V 8.6 Rain; snow 6 ...
21 103 33.0 8.6  Owercast 1 e (142) ces
28 1100 33.0 8.6 . 11 ...
29 1020 31.5 S'E Snow k126 W60 171
30 1020 .0 8. Clear 3 vos .o
31 1045 .0 8.6 . 1 ... (155) ...
Jan, 1 1015 8.6 . Lo,
2 13 . 8.6 . 1 ... (s3) ...
z 8;35 8.6 . 0o ...
5 8.6 BRain 0 ...

2 1020 35.0 8.6  Snow b et ver
1115 33.0 9.2  Clear 1 ... (135) ...
7 095 32.0 9,0 . 3
& 1100 33.0 9.0 . 2 19 135.5 142
9 0950 33.0 9.1 . o ...
10
1 lﬁ/ 32,8V 8.6  Overcast o ..
12 1 33.0 8.6  Snow 0 ...
13 1100 13.0 9.0 . 0 .
b 1030 33.5 9.0 . 0 ...
15 113 33.0 8.7 lRatn 0 ...

Oomtinusd next page
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Appendix I, Tadle 1, continued,

Sea lampreye
Date Moan water  ¥ater {oaxlr-transforned nlosnte)
1948 temperature  lewel : N¥umber _Total length in mm,
shor  talen  Min,  Aver, Max,
Jea, 26 1130 34,0 9.5 Rain 0 ...
17 1630 n.0 10,0  Suow n ... ees e
18 1000 33.0 9.2 Overcast 6 126 W, 7 168
19 o910 13.0 9, Snow g8 ...
2 1w 33.0 9.6  Clear 2 1% 155.5 161
a4 1020 32.% &7 : 6 ...
2 32.5 9.0  Snow zz 118 1288 148
g 10%5% 32.% 9.1 Clear .on .es cee
130 33.0 9.2 Rain g 1a 137.6 163
2 1100 33.0 9, Snow Y ..
1030 32.% 3.3 Suow 1 ... asn ...
27 1130 3.0 .1 Overcast 9 ces eve veu
22 13 33.0 9.2 Snow 7 ar 41,0 162
2 1030 32,5 9.0 Clear 3 .
30 1100 32.% 9.0 . 5 120 137.8 185
N 10 32,8 9.3 . b
Peb, 1 1030 33.0 9.3  Snow 7 12 133.0 17
2 105 32,5 .0  Clear oL ees  es
a 1030 33.0 9.0 . 1 ... (229) ...
1130 32,0 9.0  Snow . SO wee  ere
z 1100 32.% 9. Clear 2 17 123.5 130
1030 32,5 9.0 . 3 ...
7 1100 32.% 9.1 Overcast 0 eee .es s
[ ] 1100 33.0 9.1 Clear [} .es aee wee
9 1018 12,8 S'Z . o ...
10 1015 32.5 8. Snow 0 .ee ees  aes
11 1030 32,5 8.6 Clear 1 ... (142)
12 1030 33.0 8. . 2 .re
1% 1030 33.0 8.7 Snow 0 ...
1 1030 33.0 8.7 - Olear 0 ... ces  ses
p1 1015 32,5 8.7 Snow b an) ...
b1 1000  33.0 s, Clear 2 ...
17 1000 32,8 a4 . 0 ..
1& 1000 32,0 g4 . L S
19 0900 3.5 8.5 . 3 19 1387 153
2 103 32.% 8.7 . 2 ..
2 103 32,0 8.7 . s 128 136,84 152
22 1000 32,0 8.7 . 1 ...
2 32,0 9.0 . 7 w2, 168
1000 33.0 9.1 Main L S
2 1100 32,5 10.0  Snow 1 Wy 159
0935 32.% 10,0  Olear 1 .. oo ves
21 1030 32.% 0.0  Snow 13 126 9,1 176
28 1000 32.5 10.0  Smow 28 ...
Mar, 1 1030 33.0 10.1  Clear 6 114 13 2 172
2 30 33.0 10.0  Snow 19 . 1
z 1100 32,8 10,1  Clear 19 18 WM1.9 167
1100 32,5 10,0 Rainm 18 116 1}.2.3 153
g 1100 32,5 9% Clear 7 13 12,0 16k
1100 33.0 9, . g ..
7T 1 33.0 lo.z » g 110 ho.6 166
[ 1100 33.0 9. Overoest z . vee
9 1110 32,5 9.4  Snow 17 132.0 144
10 1088 33.0 9.2 Clear 3 .os ces
11 0930 32.5 9,1 . 1 am ...
12 1000 32.% 9. . o .es .o .ue
lz 1045 33.0 9. . 2 .ee .o ooe
1 1015 32.% 9,1  Snow 1 e
{z 1085 33.0 9.1  Clear b S (129) ...
1048 33.0 9,0  Snow b P - .
17 1100 32.5 9.0 Overoast 1 .. [N oo
18 1100 33.0 9,0 Clear 0 “or “oe cas
19 1500 32,0 3.0 . 3 11a 1333 1
1100 2.5 8.5 . 1
Grand tetal and grend aversge and renge 1,808 110 6.8 192

Bange and average based e 3} speaimsas,

gbouﬂu for 48-hour periocd.
Jased on smnple of 9 specimens.
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APPENDIX 1

Tadle 2, Nashers end minimwe, aversge, ard maximam total lengths of nawly.trans-
forwed sea lampreys miriating downstream io the arp Lake River durisz the winter
of 1348-1949 with weather anl water temporature and wat:r levsl data for the period,

Sea lamproys
Date Usan water Yator [gg!}z-tmcfnmq mizrants)
1948 temperature leve} Number Total leacth in mm,

1349 (Degrwes L. I* _ (inches)d Weatnepd/ takcen  Min,  _ Aver. . Nex,

Oot, 1 55.% 11.2% Clear 2} e R

H 56.0 10.00 Qvercast 0 e

a 53.5 9.50 Slear 0

43,5 9.50 " 0 .

2 9,0 3.7% Overcast s} Ve

49,0 9.7% " [s} “ee

7 51.0 9.7% . 1 (127}

8 52.5 10.00 Clear 0 .

9 1.5 10.25 Ovsroast 1] e
10 .0 11.50 . (¢} ee
11 41.5 11,75 . o . cen
12 48.0 11.00 . 1] . .

13 usg.0 11,00 " 0 . ..
1 43,0 10,50 Clear o ees
1 4g.0 10.50 . 0 vee
1 41.5 10.50 Overcast 0 . ves
17 ug,s 10.%0 . 0 .o cee
18 4,0 10.50 Clear ¢ .s
19 41.0 10,25 Overocast o] . .ee
20 39.5 10.2% Clear 0 vee
a 39,0 10,00 . 1 ... (124) ..
2e 40.0 10,00 . o] .o .
2 40,0 10,00 Overcast 1 oee (128)
u3.0 10.00 Clear o ...
:2 4.0 10.50 . 0 cee ves
41,0 11,00 " 0 ose ..
27 N385 11,%0 . 0 . .
28 44,0 11,00 . 0 . wes .
29 45,0 10.50 . o . .ee .
30 43,5 11.00 . o . cer ees
n 4.0 11.00 Overcast o . cee eee
Rov, 1 47.0 10.%0 . 0 . “en vas
e 49,0 10,50 . 3 123 132.7 140
g 0 10,50 . 6 een vee
a.o 10.75 Rain 5 124 135.6 145
2 50.0 11,00 . 5 ves eos ..
5 12,00 Overoast 2 135 139.% L)

7 E;.o 12,00 . 3 .e .es .

[ 45,5 1.7% Clear 0 oee . .

9 42§ 12,00 Rain 0 ...
10 w5 12,50 . 4 128 141.3 148
1n 42,0 12,50 Overoast 16 veo ves een
12 38.0 12,50 . 32 122 135.6 160
1 38.5 12,75 Rain 3 res .o “ee
bt 35.0 13.00 Snow 16 127 143.4 165
1 37.0 12.75 Snow; rain 6 ...
1 38.5 12,50 Overcast 3133 138,3 144
17 37.0 13.00 Rain 121 ves ces
18 39.5 13.00 Overoast 120 17 135.2 168
19 39.0 16,00 . 12 ...
20 38,0 16.00 Rain 216 12 W30 1R
2 37.0 15.5%0 Overoast 3,467 s eee
22 38.0 12.00 Rain 289 11% k2.5 173
3 39.0 . Overcast 65 ...

37.% 14,50 . 68 126 i, &/ 163
2 371.0 14,50 . 0 . ves
37.% 14,50 . 19 133 150,68 170
21 39.5 14,50 . 19
28 38,0 14,50 Snow 32 13 .2 169
29 36.0 W, 50 Overcast 13 vee ves eee
30 36.5 14,50 . a3 1 W56 163
Des, 1 35.5 14,50 . 2 1Y 15,7 1
2 JE.O 14,50 . 12 13 143,3 157
N0 W, 50 . E 126 153.2 1
Z 35.0 pLIC} Qlear 1 1™ 45,8 163
}3.5 14, %0 Overcast 9 .o ves .

Z 36,0 18,00 Snow 2 1 w59 1

1 .0 15,00 Overcast 43 128 1482.0 161

] 32,5 1h,00 Snow 12 19 51,0 14

9 32,0 13.75 Overoast; muow 1 oo “ee
10 32,5 13.75 Overcast 2 1né 127.0 138
11 32,0 13. U v oL,
12 32,0 13. Rain 4 139 W95 158

32.5% 18,00 Overcast 1 “e ers
R 0 18,00 . 1 aee (1%0) e
15 . 14,00 Snow o ... “es aee
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Appendix I, Table 2, continmed,

Sea lacpreys
Date Hean water Water =t t

19H8- temperature,  level , Bumber _Zota) length {n sm,
199 (Pemwes 1.3 (iacheslV/ Yestharl takon  Uip,  Aver, lax,
Mar, 1 32.0 32,00 Clsar 16 ...
- 32.0 385, 00 Snow 31 122 1%0.3 173

a 32.0 30,00 Clear 1 ves ees ves

32.0 f i ete] Overon:i: iy 132 140, 8 151

2 52,0 3L.00 . 3

32,0 29.00 Clear 22 13 3.8 187

1 12,0 28,00 . 1)

8 32.0 22,00 Overcast 1 126 6.2 167

32.0 27.00 Clear 3 ves PN oos

10 12,0 24,00 . 0

11 32.0 21.00 Overoast 0 aoe “er eus

12 32,0 20.00 Clear 2 12 137.0 146

1 32,0 18,00 . o ...

1 32,0 17.00 . o ...

1 32,0 1‘3..00 " 0 ...

1 32.0 14,00 Snow 0 ...

17 32,0 14,00 Overoast o ... cee ces

18 32,0 13.00 Clear 0 voe

19 32,0 14,00 Overoast 3

20 32,0 14,00 Clear 2 158 161,0 167

a 32,0 13.50 Overcast 0

22 32,5 13.00 . 5 135 k8.4 167

g 33.5 13.00 . 700 ...

. 15.00 . M2 102 15,9 188

25 . 17.00 . e ...
(Frep inoperative during period March 2b %o April 18 dus to extrems f1ood con-

ditions, Peak of downstressm movement of sea lampreys obdserved during psak of flood:
Maroh as;m-u 3, Samples obtained during inoperstive period shown in right hand
colums,

26 3,0 20,00 Clear (614) 18 43,5 180
7 33.% 21,00 Overcast
28 33.5 3h,00 . s vose
29 33.0 gz.oo .
30 33.5 200 . (167) 9%  131.3 189
3 ;a.s 34,00 . ) ...
Apr. 1 5 28.00 Clear eoe
2 3s.5 27.00 . )
2 36.% 25,00 .
37.% goo "
z 0 +00 Overoast coe sen ves P
1.0 2,00 .
7 42,0 20.%0 .
] 2,0 20,00 Clear
9 4.0 20,00 .
10 41.0 20,00 .
11 42,0 19,00 . (1) (163)
12 §3.0 19,00 . 1 ...
by N7.% 19.00 . Vs
1 .0 19,00 .
2 +0 18,00 . ves
1 .0 17.00 .
17 4.0 17.00 v .ee
15 M. O 18,00 Qvercast (1) asa sad o aaa
19 46,0 lz.oo Clear 1 oes (141) aee
20 46,5 16,00 Overcast 0 ...
2 48,0 16,00 . 0 ...
22 z:.o 16,00 . 3 ..
5 17.00 3 1 1k, 1
2 w3 e g B W W
g 46,0 17.00 Rain [
4,0 21.00 Overcass 0 P eee oo
27 50,0 20,00 . o ...
ﬂ 5300 19'w ow ] sea see sos
29 50,0 19,00 . 0 ...
30 85,0 18.00 . [
Ovend tefal and grend average and range .96 95 3.6 1

411 readings and odeervations made at 0800 hours each day.

¥
i Based on 37 speoimsns,
aoed on 2,182 specimens.
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Appendix I, Table 2, oontinued.

Sea larpreys

g;:;_ Mean water lmi Mmﬁmm)
Semperature leve , Number length An pe,
139 (egwes LN (taabaet yeatperd” takap_

Min, Aver,  Max,

Des, 16 32.0 W, 00 Overcast [+ ves ven aer
17 J2.0 14,00 Saow 2 .en eos ves
18 3.0 14,00 Overcas: 5 140 6.8 155
19 32,0 15,00 " 1
20 32,0 14,00 . o ...
21 32,0 1%.00 Snow 2 ..
22 32,0 14,00 Overcast y 135 1%0,3 154
3 32.0 13.7% . 5 ..

32.0 13. ™ . 2 145 155.0 165

:2 32.0 14,00 . 5 wee
32.0 14,00 Rain; snow 7 129 w59 163

27 32.0 14,00 Overcast 3 eue vee ves
28 32,0 14,00 . } 135 W13 156
29 32,0 %, 00 Snow 5 ...
30 32.0 13.7% Overcast 2 139 4,0 149
n 32,0 13.7% . - T
Jan, 1 32,0 13.75 . 2 13 5 sy
2 32,0 13.7% . 1 ves ven ves
a 32,0 13.7% Snow 2 1y 156.5 164
32.0 13.7% . 3

2 32.0 14,00 Overocast 0 vee ves voe
32.0 14,00 . 1

7 32.8 17.7% . 2 129 1345 1o
s 32,0 18,00 Clear T ...
9 32,0 18,00 b 1 .. (153) ...
10 32,0 lz.oo Overcast 1 “ee see ™
11 32,0 16.%0 . 1 ... (166) ...
12 32.0 16,00 Snow o ...
1 32,0 15,00 . o ...
1 32,0 15.00 » o ...
1 32.0 15.00 v 1 "es (142) vee
1 32.0 20,00 . [} .o con oo
17 32,0 19,00 . 5 12 19,0 165
18 32,0 18,50 Overcast 53
19 32,0 18,00 Snow 3 12g 152.,0 167
20 32,0 ere Overcast gz cee eos ves
2 32,0 . . 122 138.2 173
22 32.0 Clsar 3o ...
2 32.0 30.00 0o 10 116 40,9 163
32,0 28.00 Snow; rain 16

2 32,0 26,00 Bnow; sleet 1 132 W1.0 166
32,0 42,00 Snow 3 cos .os ves

27 32,0 21,00  Overcast 11 127 1oa 1%
28 32,0 19.50 Snow T .o
2 32,0 2.5 Clear a 1w 1388 1%
30 32,0 2.00 . 12 oos ves ose
nh 32,0 .00 Overcast 7T 119 134,48 g
b, 1 32.0 23.%0 Snow 2 coe voe vos
2 32,0 ;.oo Clear . 127 31,3 134
z 32.0 .00 Overcast 7 ...
32.0 30,00 Snow 3 133 W73 157

z 32,0 28,00 Overcast 1 veu oo voe
32,0 26,00 Clear [] 0es vee vos

7 32,0 .00 Overcast L I ere e
g 32,0 3.00 Clear 1 ... 33) ...
9 32,0 28.00 Overoast 0 .. cos  ase
10 32,0 26,00 " 2 132 W20 152
11 32,0 28,00 . 3 .ss oo ™
12 32,0 2.00 Clear 1 ... (we) ...
1 32,0 .00 Snow 0 ces .o .or
1 32,0 26,00 Clear 0 ...
1 32.0 26,00 . 1 ves een
1 32,0 29,00 Overcast [ 137 L TR 151
17 32,0 22,00 Clear 2 “os eee vea
18 32,0 30,50 Clear 6 124 136.8 145
19 32,0 29,00 . 18 von v
20 32.0 25,00 Overcast 1 .. asy) ..
21 32,0 22,00 Clear 3 cen " e ‘ee
2 32.0 24,00 Overcast 2  1ug 150.0 152
g 32.0 23,00 . 1 .ve ees
32.0 23.00 . 3 132 W3 am

25 32,0 36.00 Snow 303 ...
26 32.0 ag.oo Overcast 123 bt W55 182
27 32,0 .00 Snow .o oss ces
28 32.0 32.00 . 2 135 137.5 1o

Continusd next page
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APPENDIX I

Tadble 3. length-frequency table for newly-transformed sea lampreys talen in the
Ocqueoc River weir and the Carp Lake Biver trap during the 1948-.1949 season,

Total Total
length Fwmber of newly lengih Kumber of newly
in mm, trapsformed sea lampreys in mm, transformed sea lampreys
(midpoint Ocquecs River Carp Lake (midpoint Ooqueoc River Carp lLale
of 2 mn, River of 2 mm, River
size o8 1e 1z8 gro samples ssmples
95 coe 1 47 28 157
97 [ X X LR X4 lug 1)"' 156
99 (XX} eo 151 19 136
101 ees ces 153 15 133
103 cee 1 155 16 98
105 LX) cee 157 9 F
107 ces cos 159 6 3
109 [ X ] [ X X 161 h’ . u.{
111 1 vos 163 6 4g
113 cee cee 165 3 28
115 2 5 167 2 17
117 8 5 169 3 12
119 6 12 1N 1 6
121 21 16 173 5 6
123 32 26 175 1 3
125 Y2 177 1 1
127 4o 57 179 2 oos
129 67 g1 181 ess 1
131 66 96 183 1 1
133 83 114 185 1 1
135 go 167 187 oos 1
137 5 138 189 eos 2
1’3‘9 gs 189 191 .oe cos
141 3 211 193 1 ves
143 4o 167 195 ces coo
1’45 29 , 19“ 197 L] see
Totals 49 2,482
Mean length 136.4 43,6
Standard deviation +11.5 + 10,8
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