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Sea Lamprey Investigations

3e Biological characteristiecs of sea lamprey spawning runs in
Carp Creek and the Ocqueoc River, Presque Isle County, Michigan,

I. Introduction

This report is'concerned primarily'ﬁith the findings of several
investigations of the sea lamprey undertaken in the fisld between April
1 and September 1, 19h7, and between March 15 and September 1, 1948,
The first section of this report is concerned with the biological character-
isties of, and factors affecting the spawning run of sea lampreys entering
Carp Creek, Presque Isle County, in 1947, Supplementary information of a
similar nature wes qollected on the Ocqueoc River, in the same locality,
and is included, The spawning run of sea lampreys captured in Carp Creek
in 1948 will be the subject of a separate report. Certain sections, par-
ticularly thet dealing with the spawning habits and spawning reqﬁirements
of the sea lamprey are based on data collected in both years, Numerous
observations and lesser investigations conducted during all periods are
incorporated in various sections of this report,

These studies were undertaken in an effort to obtain more precise
information than heretofore existed of that phase of the life history
of the sea lamprey when it enters streams to spawn. The procurement
of this knowledge has become of paramount importance because of the
widely publicized demands for comtrol of this fish predator which have
specified the comstruction of "lamprey weirs" for the capture and
destruction of spawning populations. The investigations as undertaken
at Carp Creck were designed to provide information as to the requisites

of an effective sea lamprey weir on a small stream, the cost of such a
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structure and problems in its maintenance--in addition to the biological
information which would be forthcoming through the operation of this
structures It was also intended thet the repeated use of this weir 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 inereasing, de-
creasing, or has become relatively stable in numbers. Furthermore, con=
tinued use of this weir over a period equivalent to at least one larval
cyele might provide a test as to whether the "home stream" or "parent
stream" theory applies to this speeies in any degree,

The general area of the Ocqueoc River-«Carp Creek watersheds wes
selected as the locus of investigations because of the intemnse local
interest in the sea lamprey problems This interest was engendered by
the large runs which entered the Ocqueoc River in increasing numbers
during the past decade, In the spring of 19l); and again in 1945, the
East Presque Isle County Sportsman's Association operated & weir in the
lower Ocqueoc River in cooPeration'with the Department of Conservation.
In each year, a fair proportion of the sea lamprey run was captured, A
complete report of these operations has been made by Shetter (19487 and
I. Fo Re Reptse 1015 and 1086), ’

Neither in 1946 nor in 1947 was a weir operated in the Ocqueoe
River. The comstruction of & permanent sea lamprey weir in this river
in the spring of 1947 was to have been underitaken by the United States
Fish and Wildlife Service but did not materialize due to a delay in the
requisite funds becoming available, Plans for a temporary weir to serve
only until the permanent structure became a reality were drawn up by the

Department of Conservation but installation was rendered impossible by
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sustained high water conditions during the practicable pericd of cone
struction, A permanent structure was installed in the river during
September, 1948,

That period when a sea lamprey enters a stream to spawn and then
dies represents but a brief span in the life cyele of the species, In
order to better relate the present account to the entire life cycle and
to provide some understanding of the organism itself, a deseription of

the species and a generalized account of its life history follows,

The see lamprey-edesoription and life history

The sea lamprey, Petromyzon marinus, is one of the most primitive

living fish-like vertebrates. Its body is eelwshaped, somewhat flattened
in the head region and compressed towards the tail, It is often confused
by fishermen and laymen with the true eels (Anguillidae) with the result
that two of its most common names are "lamprey-sel® and simply "eel."
Other common names are "lampher," "lamphersel® end "lamper," It has

no visible paired fins nor any vestiges of these. Median fins are pre=
sont--two dorsal fins and a rounded cauwdal fin, The posterior dorsal

is well separated from the anterior one and is continuous with the caudal
fin, The anal fin appears as an almost indistinguishable foldes ¥No bony
skeletal parts are present, A cartilaginous cranium protects the brein
and & "basket" of ecartilaginous rods supports the branchial region. The
main axial support is the notochord which is present as a continuous,
unconstricted rod encased in a fibrous sheathe Instead of the charactera
istie gills of higher fishes, seven pairs of sacelike gill pouches open
to the outside by as many small rounded apertures (Figure 1), The gill
pouches open internally into a medien branchial canal, which opens inte
the mouth and lies below thé esophaguses A single, median nostril on

the top of the head terminates internally in a blind chamber. The eyes







are small, The most striking feature of the species is its mouths True
jaws are lacking and instead, a disc-like sucking mouth, studded with
horny teeth is found (Figure 2); the tongue is similarly toothed,

Sexually immature individuals after metamorphosis are parasitic
and are blusegray to dark blue in color dorsally and as & rule are white
on the ventral surface, Sexually mature ses lampreys exhibit a variety
of color phases the most striking being those individuals which become
a golden=yellow in colore-the epithelium having become suffused with a
golden lipochrome ereating & golden irridescence upon a mottled, black
background,

The life cycle of the species is somewhat complex but it may be
summarized in general terms as follows: In the spring of the year,
sexually mature adults migrate into streams to spawﬁ. After constructing
a nest of gravel and small rocks, the eggs are fertilized and deposited
in ite Very soon thereafter the adults diea;/ The eggs hateh in about
three weeks and the larvae, called ammocoetes, drift downstream until
rthey find quiet water and & silted bottome Burrowing into this silt,
they live as blind, wormlike creatures for a number of years, feeding
upon microorgenismse At this stage they are not parasitics At the
end of their larval cycle a transformation occurs--the eyes become
fully developqd and the mouth grows into a circular sucking disc within
which meny horny teeth develop. Other less obvious changes also teke
plaece and finally, fully equipped to prey upon other fishes, the metae

morphosed lampreys leave the mud and migrate downstream to a large

&/ Many commercial fishermen and some fishery technicians sre of
the opinion that the sea lamprey does not die after spawning, Data
presented subsequently in this report provide very strong evidence that
they do die after spawning is completed,
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body of water and begin their parasitiec life, For this life they are

well fitted by being strong, vigorous swimmers, On becoming attached

to & vietim, they rasp away the body covering and the scales and work

into the muscle tissue with the horny teeth of the mouthedisc eand tongue,
They then proceed to withdrew the blood and body fluids of their vietim
(Figure 3). When the lampreys are satiated or when the victim is weakened
or perhapé dead, they drop off leaving large, raw wounds on their prey
(Figure L)e The parasitie period is ended with the advent of sexual
maturity when the adults migrate to, and enter, a stream to spawvm and

then die, completing the life cycle,

1T, Carp Creek investigations

Carg Creek

Carp Creek is tributary to Hammond Bay of northern Lake Huron,
flowing inte that bay about four and cne-half miles north of the outlet
of the Ocquecc River, The entire drainage area of this creek lies within
Sections 1, 2 end 3, Te 36 Ne, Re 2 E., Prosque Isle County., Carp Creek
proper is 1l¢5 miles in length (Sections 1 and 36) between its estuary
and its origin in Cerp Lake, The latter is about 70 acres in surface
erea end has a maximum depth of 2l, inches} The shoreline on nearly
all sides may be termed encroaching. Approximately six square miles
of swampland dreins into Carp Lake primarily as surface drainags., No
disérete yoarecsround streams flow intc the lake, as many recent maps
would lead one toc believe, In former times, when water tables were
higher these may have existed but at present writing there is little
trace of such watercourses,

The potential sea lamprey spawning areas of the Carp Creek drainage

basin lie in the 1,5 miles of the creek proper between Cerp lLake and
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its mouth, This poi-tion of the stream hes a moderate overall gradient,
Gravelly riffle areas alternate with deeper pools (1 to L feet) which
heve a berren sube-stratum clay bottom. Little shifting sand is present
until the creek enters the beach line just upétream 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 midsummer but local opinions
on this matter are very conflieting. During 1947, a moderate volume of
flow wae present throughout the entire summer monthse, Although classified
as a "trout stream," high water temperatures in summer (78° F, to 82° F,)
give little evidence of suitable trout habitat, The color of the water
is typical of many northern streams dreining swampland, being generally
quite tea=colored, Water chemistriss varied little during the spring
months, 4 typj.ea.l analysis on June 29, 1947, a windless, partly overeast

day, was as follows (previous weather clear)s

Statione««-=«U, S 23 Highway Bridge COp=m=eu==0,0 ppm.
Timeeeemuvae-0th5 As Mo phthe===e-=2,0 ppme
Air tempe====70° F, HeQp=m=a=ll8e0 ppme
Water tempe~=72° Fe Op==mmw===Te3 ppme

Sea lamprey runs had been noted in this stream by comservation
of ficers and loeal residents for several years prior to 19L47. I strongly
suspect that its history in this regard dates back to the first runs
noted in the neighboring Ocgqueoe River (gj.}jga_. 193L1=357) for both streams
undoubtedly drew from a common stock of adults living m, or entering,
Hammond Baye. Being thus assured of a run upon which we could experimemt,
a site for the construection of a sea lamprey woir was selected just below

the U, S. 23 highwey bridge crossing the stream, This site, located
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within the highway rightecf-way, was easily accessible for constructicn
and maintenance, and wes but several hundred feet above the estuarine
waters of the creek. This latter point is of importance in control since
to be most effective, a sea lamprey weir should be placed ideally below

the lowest potential spawning area,.

The Carp Creek sea lamprey weir

The weir and trep constructed in Carp Creek was of the single "V"
type with the trap placed at the apex of the "V." The stream is 22 feet
wide at the point of constructicn and each wing of the "V" was 18 feet
long (Figure 5)o This structure was originally built as a temporary
weir, pending the complsetion of a more elaborate, permanent device,

Due te difficulties in installation, the latter was discontinued and

ﬁhe temporary strueture was therefore improved and made more nearly
pormanent, For supporting the sereen face of the wings, nine-foot,
steel, snowefence posts were driven inte the bettom; each was buttressed
on the downstresm side with an identioal post, Four additional posts
were drivem as anchors for the boxetype trap, TIwenty-eighteinch by nine-
foot sections of salvaged rock and gravel screehing were wired to the
upstream side of the steel postse Placing them in pairs, one above the
other, gave each wing & heighth of 56 inches, This screening was of a
very heavy gauge wire (3/1é-inch diameter) of roughly one-inch mesh,
reinforced along one edge with angle iron, and therefore quite rigide
Using this coarse grid for support, hardware cloth of 1/2-inch mesh

wes laid ageinst the upstream side of the heavy screening and wired to
it, The wings were joined at the shore to a baffle of double sheet

piling, driven into the softer bank; they were also secured at the




Figure 5.
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Carp Creek sea lamprey weir,
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trep, on each side of its entrance. The greatest problem was anchoring
the wings and trap to the stream bottom so thet no undercutting would
teke 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 elay. This is the condition thet was instrumental in helting
the construction of the permsnent weir, To cireumvent this, a trench
two feet wide and six inches deep was dug (with a crowbar) astraddle the
line of fencewpost uprights, A strip of hardware cloth the length of the
wing end 2l; inches wide was nailed to a 2" by 4" sill of equal length
and placed, hardwere cloth down, in the trench, with the 2" by L" braced
against the upstream side of the uprights, The bottom edge of the lower
gravel screen rested on this sill, Spacers of 1" by 6" stock were added
on the downstream side, between the uprights, to prevent any buckling of
the grevel screen backing (see detail, Figure 5)e¢ After the hardware
cloth had been addsd, the trench was filled with heavy gravel and sand,
A dressing of larger rocks was placed on the downstream side to prevent
secouring,

The trap was a simple box-like frame (36" by L8" by L8") of 2" by
L* lumber covered with 1/heinch mesh hardware cloth and built as absingle
movable unite Its fumnel, fabricated of hardware cloth and a 2" by L"
wood frame, was removable after insertion of a closing baffle on the
front of the trepe This faeilitated removing both lampreys and fishs

The original structure without the subsequent improvements was
fabricated and installed in two working days by four men, Prcblems
in construction other than the extreme discomfort of working in the
water at temperatures of 38° F. to L4j0° F, were minimized by low water

levels and the relatively small size of the stream. The sill and
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flashing of hardware cloth which was substituted for sheet piling proved
very satisfactory and is strongly recormended 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.

It would be well to note again that the maximum mesh size for sea
lamprey weirs and traps is one-half inch, Experiments ccnducted with
5/8einch mesh screen indicated that some of the smallest lampreys can
work their way through thise. These statements apply to squere.mesh
soreen, I am not too certein at the present date thet weir screens
constructed of vertical rcds with a one-half ineh spacing between them
would be entirely lamprey-tighte

The basic requirements of an effective sea lamprey weir are that
it be streng enough to withstand the impact of maximum flood waters and
that it be high encugh and wide enough to remain fishetight under like
conditions, The Carp Creek weir withstood severe flood conditions on
three occasions. Om May 31, 1947, the north wing partly buckled during
a period of very high water due tc improper breeing. This wing was
completely removed and rebuilt on May 31 and June 1,

The weir in its final form was essentially lamprey-tight. We
discovered early that a sea lamprey will find and make use of the
smellest, 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, May 11, May 1k,
May 29 and July 1, the creek was patrolled from Carp Lake to the weir,
On all but the latter date, no trace of sea lampreys was found, On
July 1, I found five nests about threeeguarters of a mile above the

weir, Eggs were found in two nests and promptly destroyeds The other




ol 5-

three nests had not been spewned in although they hed evidently been
completed for several weeks. I suspeet that this éscapement, which
probably did not exceed ten individuals, occurred during the pericd Mey
31 to June 1 while the north wing of the weir was being repaired,

Mhinteﬁanne of such a weir and trap present numerous problems,
Under normal conditions the screens must be cleaned with wire brushes
at least three times during a 2l4 hour period or the resultent damming
action of the clogged screen is-very severe, During high water, more
frequent visits for cleaning must be made, At least during the time of
the sucker runs, the trap must be emptied of fish and lampreys at least
three times a day. During the smelt and sucker runs there is the in
evitable damage to be repaired resulting from overzealous fishermen using
the structure to augment their catches. This amounted to & considerable
item in 1947 when we repaired the trep and funmel no less than four times
after sucker spearers attempted to impale fish in the trap by spearing
through the fumnel.

The Carp Creek sea lemprey weir functioned very satisfactorily
and effieiently for experimental purposes; I consider that better than
99 percent of the sea lamprey run was captureds The structure was simple
to fabriecate and install and the cost of materials was nominal since
primerily salvage materials were used. For these reasons, it is planned
to re-use this structure in its final, refined form in fubure years in
Carp Creek. Smail changes may be made such as the addition of a whitew
painted floor in the trap to make it easier to ses fish and facilitate
their removal, especially at night. All of the weir except the steel
upright posts and the sills and flashing was removed from the cresk on

August 1 and August lj and stored pending reinstallation in 194,86
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Records were kept during the construction and operation of the weir

of all costs incurred,

Operational costs are of the greatest interest

since they provide a measure of the expense of operating one sea lamprey

weir for one season on a small stream under typical conditions.

The

cost of the weir itself provides no index of the cost of a typical sea

lamprey weir since it was constructed primerily of salvage materials and

since it is highly unlikely that it could be reproduced in another stream

at the same cost,

Expenditures in manehours and money for the comstruction, maintenance

and operation of

Item

Trap

Wings

Trap and Wings

the weir were as followss

Material and Man<hours

52 rough fir, 2" by 4", at $130/Me « o o &
80 sqe ft, 1/L4" mesh h'ware cloth (salvage)
Lock, hasp, hinges, nails, etCs o ¢ ¢ ¢ « »

2l, steel snow-fence posts (borrowed from
MiGh. State HighWay Dept.). e o & o o ¢ o o
8 steel, rock and gravel screens (salvage).
Liy* by LL* by 1/2" mesh hardware cloth o o o
LO' rough fir, 2" by L", at $130/M. ¢ «
100" rough fir, 1" by 6%, at $130/H . « »
Minor hardware, wire, etc. (salvage)e « o

Fabrication and installationee

$

Cost

700
LA X ]

1,50

224hily
343k
6450

35 menehour'Sess o ¢ ¢ ¢ 8 3 06 6 6 ¢ ¢ ¢ ¢ o B 330)423/

Total cost of constructioNe e« o o o o o o ¢ & 7he20
Operation Apr, 21=30, 8 manehours per daye-

B0 mANehOUr'Se o ¢ ¢ ¢ ¢ ¢ ¢ ¢ 6 06 9 ¢ ¢ o o 96000

May lel2, 8 man<hours per dayew

96 MAN=hOUrSe ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ 0 06 6 ¢ ¢ o 102'2h

May 13«22, 7 man-hours per dayee

TO MAN-hOU'Se ¢ o 5 ¢ ¢ ¢ ¢ ¢ ¢ 3 ¢ ¢ ¢ ¢ o T1l.70

é?/ﬂhges have been computed on the basis of hours worked in

varying amounts by four individuwals whose hourly rates

$.78 to §1.26 per hour,

varied from




Repair Mey 22, improvements on south wing-=
5ma.n-hours.-............,..o% 5.!4.8
May 25, improvements on north winge :

Bmanehourse ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o 0-:0 o ¢ 8.76

May 3leJune 1, rebuild north wingee

hgm‘hoursooooo.ooooo,ooooo }-]-3080

June 2alj, rebuild bank abutments and

rebrace weire<lil mon<hours ¢ o« o o o« o o o o 39,8l
Operation May 23«30 and June luli, 7 man<hours per

da.y--&h MANNOUrSe o © ¢ ¢ © ¢ ¢ ¢ ¢ ¢ ¢ o o 85.8).1.

Junme 5«23, L manehours per daye

76man-hours..oo.......o.ooo 76095

June 23430, 2,5 manehours psr dayew

20 MBNWhHOUT'S ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢ 0 ¢ ¢ ¢ 0 0 ¢ @ 18060

July 1-20, 1,5 man<hours per daye=

0 MAN=NOUr'S ¢ ¢ © # ¢ ¢ ¢ ¢ o ¢ o ¢ ¢ ¢ o o 37080
Removal Auge 1, dismantls, remove and store

south Wing--E MANReNOUr'Se o ¢ ¢ ¢ ¢ ¢ ¢ o o o 6.3@

Aug, lj, dismantle, remove and store

north wing--2.5 MANSNOUr'Se ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ @ 3.15
Premsportation Computed abt $403/mile2 cee o o o o o ¢ o o o 90472

Total cost of operation and maintenance. « « § 687,18

Gr&ndTOtalo...oos.oanncnooog% 761038

The foregoing operational costs indicate the specifiec expense of
one project among several carried on simultaneouslys If the weir hed
been the sole project carried on, the presence of two men would still

have been r equired and operational costs would have amounted to $1,%21,004

é/ Maintenance and fuel costs only; depreciation not includeds
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The sea lemprey rum

(1) Collection of datase<Normally, the weiretrap was inspected

and the fish and sea lampreys removed three times each day, We attempted
to make these visits as close as possible to £iD0 A, He, 5300 Pe M, and
midnight each day, All specimens removed at each of these times were
recorded as separate collectionss Of the entire sea lamprey run, all but
17 specimens wers examined for sex, length, weight and stage of maturity,
More detailed dissections were made of 328 specimens, All individuals of
other species tekenm in the trap were examined for evidence of sea lamprey
attacks and these data recorded,

A maximumeminimum thermometér was maintained in the ereek just above
the weir from April 16 to Jume 30, 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, the maximumeminimum thermometer was found to have been broken
by some imquisitive visitor and thersafter, only readings at the time of
the visit were recorded, TFrequent rocords were made of the surface water
temperatures at the mouth of the ereek and in Hammond Bey itselfe There
was somg difficulty in finding & proper lccation for a water gauge but
after several false starts, accurate readings were obtained for most of
the pericd of weir operations, Water gauge readings are in inches and
fractions end represent absolute depth in midstream just below the weir,
Daily records of wind and other weather conditions were made and these
data supplemented with similar records maintained by Mre Ge W. Hansen,

LO Mile Point Light Station, Lake Hurone
Sinee virtually all sea lamprey migratory activity in Carp Creek

oocurred during the hours of darkness, the data was arranged so that
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all individuals entering the trep during one night were tabulated as

e vnite Thus the catches subsequently designafed for any given day
(which are listed et the time of the morning visit) represent the mie
gration into the trap since the morning visit of the preceding day
(approximately 23 clock hours since the trep would be closed about an
hour each day while the fish were being removed), Meximum, minimum and
mean water temperatures recorded for any given date likewise reflect
conditions which existed during the preceding 2l hours,

(2) Time limits snd extent of the run:-=The earliest migrants

observed at Carp Cresek were four individuals seen by the writer between
11:00 and 12:00 P, M. on the night of April 1ll, These sea lampreys were
spotted with the aid of a jackelight about 100 feet offshore on the gravel
"fan" which extends from the mouth of Carp Creek into Hammond Bey (Figure
9)e During the time they were observed, they made no effort to move up
into the creek mouth but elumng persistently to the same rock until de-
liberately frightened by the observers, When frightened, they darted off
across, or with, the current and dropped intec the deeper waters of the
bey. At the time of these observations, the water temperature on the
"ron® was 39° F, and the eir temperature was 32° F, Flow ice wes still
presént in the bay,.

During the period April 1% %o April 19, repeated trips were made
to the gravel "fen" 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
Ps M., a male sea lemprey 1G.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 micdnight, two femalss, 15,3 and

17,2 inches long were likewise teken, Again, at least two more were
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seen in the following hourse. On both nights, the water temperature
remained at 40° F. during the hours of observatiocne-the air temperature
varied from 2}° P, to 32° 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 larp Creek proper at that
time, None were ever observed during the daylight hours. About two
hours after full darkness they seemed to appear suddenly on the central
and outwaré portions of the "fan" where they apparently remained until
dawn, They were never in evidenée in the estuary or lower creek proper
at the times inspections wefe mede on the "fan." I presume from this
that they dropped back into the bay with the coﬁing of daylight,

Unfortunately, we cannot fix the exact date when the actual upe
stream migration beganes The weir and trap were put in operatioﬁ on
April 21 and by the following morning (April 22) ome specimen had
entered the trap, During the period April 15 to 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-cff in the watershed, Omn
April 19, 20 end 21 it rose in temperature above that of the bay for

a few hours each afternoon. I bslieve that these temperature differences
between the cresk and the bay were responsible for the bshavior of

the lampreys noted on the "fan" in so far as it slowed or inhibited

their entranee into the creek éroper. Yo 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

(Tebles 1 and 2, Figure 10), In view of these faets I believe that




Table 1¢ Deily minimum, maximum and mean water temp
*Creek with air temperatures and wind and weather re

eratures and water gauge readings for Carp
eoyls for the locality: April 15-July 20,
7o

19k
Water temperature ~ Wind? %
Date (Degrees F.) Water Air temperature Direction |
1947 Time Minimum Mean Maximum A% visit gaugag/ Time Degree Fs Strength and shift Weather i‘
A.pril 15 1700 XX cee see ses 11.50 cen T Light NW see
16 0900 38 38,5 39 38 13,00 1000 36 " "
17 0930 38  38.5 39 39 15,50 1000 Lo " W to W
18 09308\ 37 3840 39 39. 17425 1000 In n W to SW Overcasb
& 19 - 0900 37 3800 39' 39' ceoe see eee r W Clear
1600 38 .o Ll L2 18,25 1600 Lo " W ces
20 1600 37 L0.5 Ll Ll 19.25 1700 L5 Strong NE Clear
21 0900 36 39,0 L2 n 19.50 0920 38 w NE to E Overcast
22 0900 o  Lo.5 n n 20,50 0830 L Moderate E to SE "
23 0830 o  Lo.o Lo Lo 18,00 0900 L6 Light SE Rain
2, 0930 39  L0.5 L2 L2 eee 0900 50 " W Clear .
1600 }42 Ll-5o5 52 52 18000 [ XX ] ose n w see P
25 1630 L5 L8.S5 52 52 . eee 0900 0 " L Overceast
26 0900 L L8.0 52 L5 cee 0900 L2 Moderate NE to NW Heavy rain
27 1615 L|-5 )4600 }-I-T }-l-7 oss see (X Strong WNW Clear, cold
28 1600 Ly L6.5 Lo L9 ees 1600 60 Moderate SW Clear, warmer
29 0900 L8  L8.0 L8 L8 eee 0930 68 Light SW Overcast
30 0900 48 51.0 sl sk cee o8L5 52 Moderate ENE Bain, ocold
May 1 0900 L7 L7.5 L8 L8 soe 0930 52 Strong ENE Overcast, cold
2 0930 )"5 }-&6.0 )47 L|-5 ees eoe XK Light NE to E Heav-y rain
3 0900 L2 L3.0 L Lk 0930 oL Light E to S Overcast, cool
L 0930 Ly, L7.0 50 50 ese 0930 6l " E to S Overcast, warmer
5 0930 L& h7.0 L8 L8 ose 0830 54 " W Light rain
6 0930 L8  s0.0 52 L8 1100 L Strong  NW Snowflurries
7 1030 L6 Lo.o 52 L6 ces 115 Ly " NW to NE Overcast
8 1030 38  Lé.0 5l Lo .se 1130 30 " NE Partly overcast
9 1030 38 39.5 i Lo 19,50 1045 I Moderate SW " "
10 0930 i Lhs L8 Lk 18,00 1230 60 Light SW "
11 1000 50 51.5 53 50 17,00 0815 50 " SW to S "
12 0930 L8 50,0 52 52 16,00 o085 67 b sw Overcast, warm
13 1000 Lo 51,0 53 52 16,00 0845 ln " ENE Rain, cold
1, 0930 L7 L8.0 Lo L7 16.50 0900 L9 " E Clear, cold
12 0930 L8 50,0 52 52 16,50 0930 57 " E to W Overcast, warmer
. . " Partly overcast, warm
B 03 2 03 %2 oy o oz o1 7 Torresst, arn
2 .0 8 56 15,00 1000 03" - i ULoaT,
18 1050 SR 4 s o5 SE Overoast, very warm
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July

June

16 1 L W o = - oranst wamm
17 1000 Z By B A %m0 3 " | T O voranst, war
07 o 2 . ercast, warm
18 1030 55.0 58 56 15,00 1000 63 Ty . “GClear, warm—
19 0915 59 60.5 62 61 14.75 0915 73 " SE ' Qvercast, very warm |
20 0930 sk 59.0 6L 56 15.50 0900 51 " B Clear, cool
21 1000 5L  59.0 6L sk 15,00 0845 L3 Strong E Eeavy, cold rain
22 1000 52 5345 55 53 15,00 0915 50 Moderate E Clear, cool
23 1030 Sk 5Le5 55 55 15.50 0945 51 Light E Cvercast, cool
2, 1030 5%  55.0 57 56 15.50 0900 56 " B Clear, warmer
25 1045 SE 575 60 55 15.75 0930 55 Moderate E to SW Rain
26 1045 5 56,0 58 56 16.75 1000 52 Light W Rain squalls, cold
27 1100 0 53.0 56 50 16.50 0930 L2 " E Rain, cold
28 1030 L7  L8.S 50 L7 16,75 1000 L7 " ENE Hail, rain, sleet
29 1130 L L7.0 L8 Lé 19,00 1015 Lo Strong  SW Rain, cold
30 1030y 43  LL.5 L6 Lé 22,00 0915 50 " W Clear
31 15 L7 Lg.0 51 Lo 22,00 0915 53 Light W Clear, warmer
1 o945 52 54,0 56 56 21,50  08L5 55 Light Lj Partly overcast
2 1000 55 55.0 55 55 21,00 ool L7 " SE Clear, warm
3 1030 55  56.5 58 56 18,00 0900 L6 " E Clear, cool
L 1045 57 58,5 60 58 16,50 0900 60 " B Clear, warm
5 1030 57 575 58 © 58 16,00 0900 70 " SE Clear, warmer
6 1030 58 60,0 62 61 16,00 1000 66 » B Clear, warm
7 1100 62 6640 70 62 15.50 0915 5k " SE Overcast, cool
8 1100 62 6Li.5 67 62 14,75 0900 58 " EtoW Clear, warm
9 1000 63 66,0 69 65 14,00 1215 72 " ENE . "
10 1030 68 70.0 72 72 15,75 0900 80 " SW to SE Clear, hot
11 1000 68 72,0 76 68 13,25 1130 58 o W Overcast, cool
12 1100 55 59.5 ély 59 12,50 1015 56 " W Clear, cool
13 1100 59 60,5 62 59 12,50 1045 52 - E Rain, cool
1L, 10hk5 sk 5645 59 - 57 13,25 1015 56 " B Overcast, cool
15 1100 56 56,0 56 56 125 1115 53 Moderate B Clear, warmer
16 1115 5% 59,0 62 61 14,00 1030 56 Light NW " "
17 1200 62  6L.5 67 6l 15,50 1145 59 " WtoE Clear, warm
18 1145 6, 66,0 68 66 13,00 1145 62 " W " "
19 1100 61 65.5 70 6l 12,50 1030 6l . W " "
20 © 1130 6l 6845 3 68 11,75 1115 68 n SE " "
21 . 1015 6L, 69,0 Th 66 11.25 0930 66 » E " "
22 1045 63 68,0 73 66 10,50 1145 74 » E h "
23 1100 65 68,0 7 68 10,25 1015 78 " SE " "
2L 1030 66 70.0 74 66 10,00 0930 62 " SE Rain, warm
25 1445 - 66 70,0 74 Th 10,00 1400 (" " SE Clear
26 0945 68 71,0 y/n 68 9,50 0900 6l " SE Clear
27 1000 7 7245 yn 71 9.25 0915 78 n E Rain squalls
28 1045 70 72,5 75 70 10,00 0930 7h " E Clear
29 095 72 73.0 74 72 10,00 0930 70 Moderate E Light rain
30 1030 Max,-min, thermometer broken 65 10,50 09L5 66 Light w Clear, cooler
1 0930 oee 67 10,50 0900 56 Light W to NW Overcast, cold
2 1030 ove éL 10,00 1100 70 & NW ”

Clear, cool
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o Iugo SG 950.9H 59 - 57 13,25 1015 56 " B Overcast, cool
15 1100 5% 56,0 56 56 14,25 1115 53 Moderate E Clear, warmer
16 1115 56 59,0 b2 é1 1,00 1030 56 Light NW " "
17 1200 62 6.5 67 6L 15,50 1145 59 " WtoE Clear, warm
18 1145 by, 66,0 68 66 13,00 1145 62 " w "o :
19 1100 61 65,5 70 6L 12,50 1030 6L, " W "
20 1130 6,  68.5 73 68 11.75 1115 68 " SE . "
21 1015 6 69,0 L 66 11.25 0930 66 " B " "
22 1045 63 68,0 73 66 10,50  11h5 Th " E " :
23 1100 65 68,0 71 68 10,25 1015 78 " SB "
2L, 1030 66 70.0 7h 66 10,00 0930 62 " SE Rain, warm
25 1L5 ' 70,0 7L 74 10,00 1400 " " SE Clear
26 o095 68 71.0 7h 68 9.50 0900 6L b SE Clear
27 1000 71 72.5 yn 71 9,25 0915 78 " E Rain squalls
28 1045 76 72,5 75 70 10,00 0930 7h " E Clear
29 0945 72 73,0 Th 72 10,00 0930 70 Moderate E Light rain
30 1030 Max,-min, thermometer broken 65 10.50 ooL5 66 Light L Clear, cooler
July 1 093% oes cee eee 67 10,50 0900 56 Light W to NW Overcast, cold
2 1030% ese oo ces 6l 10,00 1100 70 " NW Clear, caol
3 1000 XX XX X 65 9.75 1030 7)4. " W 010&1‘, warmer
h 1100 ®so eece coe 70 9.25 1000 76 " W to SE 0108.1', hot
5 1000 soe cor coe 70 9.00 0930 68 " E Rain squalls
6 0915 XX} Xy} oo 67 9.00 09“.5 62 n B Clear
7 09h5 ooe oee ooe 66 8.75 1030 70 Light NW Clear
8 1215 coe coe eon 72 8425 0930 70 " NW "
9 0945 oen voe 0oo 68 8425 1000 72 " W "
10 1030 sce oee XX 70 7925 1000 72 Moderate ESE B
11 1200 XX} XX XY 72 7.25 1100 7)4 Light E to NW "
12 1000 XX ece XY 66 6.25 1015 70 " W Overcast
13 1630 [ XN ] oee XX 73 5.50 1330 82 n NE Clear, hot
]J-l- eoe (XY} see (XX} e see ove cee * E 0’781‘08817, rain
15 1030 cos oo ose 69 5475 1145 70 " E Rain, clearing
16 0930 ese eoe eoe 66 5.75 1000 72 " ESE Clear » hot
17 1000 cee eoe oso 68 5¢75 1145 82 " E to S " "
18 1030 eee ose ees 70 550 1100 74 Moderate WNW Clear, cool
19 0930 oo see oo 63 5450 0845 59 Light W " "
20 1800 ®ove ece L A ] 62 5.50 .1200 71 n . NW Rﬂ-in

Water temperatures taken at station Jjust above weir,
& Water gauge readings are in inches and represent absolute depth in midstream just below weir,
\3/ Wind records supplemented by records of Mr. G. W, Hanson, Ue.S¢CeG., 4O Mile Point Light Station,
Lake Huron, :

S ' el A il S . SO
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Table 2, Water temperatures in Hammond Bay and in the mouth of Carp Creek:

April 25«June 27, 1947,

Mouth of Carp Creeks

“Hexmond EEE?;

Date Water temperature Water temperature
gLy Time (Degrees F.) Time (Degrees F.)
April 25 coe 1600 k2.5
May 5 1100 Ls.0 1115 Ls.0
May 1L 1200 L8.0 1130 18,0
May 19 1130 63,0 1135 5ke@
May 22 1015 53.0 1020 5240
May 28 1700 5040 1705 9.0
May 30 1100 6.0 1110 Ls.o
June k 1615 5940 1630 51.0

P June 11 1120 68,0 1130 52,0
June 19 1100 6640 1050 62,0
June 27 1030 72.0 1035 60,0

v Temperature station where creek water enters zome of wave action.
Temperatures taken six inches below surface outside the zone of wave
.actions Stations variable but usually 300 to 500 feet north or south of
ereek mouth and always beyond the possible influence of the discharge from

Carp Creek,




Figure 10, Number of sea lampreys taken each day in the Carp Creek
weir between April 22 and July 13, 1947, and the mean water temper-
ature and water geuge readings for this period,
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the upstream migration of the sea lampreys entering Carp Cresk began
not earlier then April 19 and obviously not later than April 21,

From April 23 to May 2 upstream migrants entered the trap
sporadically, the daily eatch varying from none to seven individuasls
(Table 2 and Figure 10)s The bulk of the migration as reflected in
the trap catches occurred between lMay 2 and June 21, Of 1,617 ine
dividuals taken during the entire operation of the weir, 1,471 or
91,0 percent of the total ecaptures were taken during this 50«day period,
Theré was no single peak of greatest migratory activity. Instead, during
the pericd May 3 to June 21, four pronounced peaks occurred, of which
those on May 20 and June 9 are the most significant (Figurs 10)s Om
May 20, 95 sea lampreys and on June 9, 82 sea lampreys were removed from
the trape These two peaks wers separated by & sharp decline in migratory
activity which reached & minimum betwesn May 29 and May 31 when the rum
virtually ceased, This decline was apparently induced by a severe drop
in water temperatures resulting from sleet, hail and cold rain storms
which began on Mey 26 and lasted for four days, Had this umseasonably
cold weather not arrived with its resultant effect upon the creek water
temperatures, I believe a single masjor influx of upstream migraants would
have occurred between May 15 and June 7,

From June 22 on, a small and generally declining number of sea
lampreys entersed the trap esch day until July 13 when the last migreant,
a male, was taken., The weir and trap were inspected regularly until
August 1 but no additional sea lampreys were captured,

(3) Pactors affecting the run:--Field observations and an

examination of the data collected indicate & very close relationship
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botween water temperature and the amount of sea lamprsy migratory
activity, Figure 10 was prepared primarily to show the relationship
between the numbers of lampreys taken in the trap and the water temperature
of the cresk, Mean daily water temperatures during the period of weir
operation varied from 39.0° F, to 73.0° F, Due to the small size of the
crosk and the extremely shallow character of its source, Carp lake, these
temperatures fluctuated considerably, reflscting closely even moderate
changes in the weathor. Between April 21 and Jume 18, virtuslly every
consistent rise and fall in water temperatures was accompanisd by an
inerease or decrease in the number of lampreys taken in the trap. However,
the response in migratory activiﬁy was not always proportional %o the
amount of change in water temperature which suggests that some other
environmental facter or factors may have some influence upon the run,
From April 21 until Mey 15, water temperatures were predominantly
below 50° F, and the run during that period was, on the average, lighte
Tt is interssting to note that at mean tempsraturs levels of Li® F, or
lower, virtually no migratory activity occurred (April 21 to 23 and
May 9)e On May 16 the mean daily water temperature rose above 50° F,
and, except for the pericd May 28 to 31, remained well above that
temperature for the balance of the run, Concurrently, the greatest
migratory activity begane The most pronounced interruption ia the rua
occurred during the period May 28 to %1 when the mean water temperatures
fell to a low of L);,5° F, These data agree with the observations of
Shetter (1948?) for the 1945 sea lamprey run in the Oecgueoec River for
which he notedlthat the greatest migratory activity occurred at water

temperatures of 51° Fe or higher,
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It should be noted that the erratiec character of the ses lamprey
run in Carp Creek is probably peculiar to most small sea lamprey spawning

stroams where temperaturses respond rapidly to climatic changes. Data

. presented by Shetter for the Ocqueoe River run in 1945 and that collected

by the writer in 1947 for the same stream, indicate that in & larger
stream with more stabls temperatures, the sea lamprey run has & corres-
pondingly more continuous character,

Certain inexplicable declines in the number of migrants entering
the trap were not always preceded or accompanied by a proportionately
rapid drop in watgr temperature or occurred on a slightly rising or
stable temperaturee I believe that this is related to the effect of
certain onshore winds upon the water discharged from the ecreek into
Hemmond Baye Carp Creek flows almost due east into Hammond Bay. We
observed on numerous occasions that moderate to strong NE to SE winds |
tended to deflect the entire discharge from the ecreek inte the zone
of wave action along the Hammond Bay shore., The creek water was always
identifiable until thoroughly diffused into that of the bay by its
distinctive brown color and usually higher temperatures. On such
occasions we could ordinarily wade to a point beyond the band of
deflected coreek water and seldom bs standing at a depth greater than
two feet,

I presume that sexually mature sea lampreys when seeking a tri-
butary stream in which to spawn are attracted into that stream, possibly
among other things, by a strong positive rheotropiec response and/br a
reaction to the higher temperature of the ereek's discharge, If either

or both of these responses exist, then conditions which deflect the
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creekt?s discharge into & 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, Erratic declines

in migratory activity that are not satisfactorily explained by water
temperature variations occurred on April 26’and 28, May L, 6, 16, 18,
and 22, and June 13 and 17 (Figure 10), In almost every case these can
be associated with periods of easterly, onshore winds,

I do not belisve that comparable onshore winds would have any
appreciable effect upon larger streams such as the Ocqueoe River, It
would take a gale of storm proportions to deflect similarly the discharge
from such & stream under most eonditioﬁs.

No eorrelation exists between stream volume as reflected by depth
gauge roadings and the sea lamprey run except in so far as rapidly rising
water levels (resulting from cold rains or melting snow) were generally
accompanied by declining water temperatures (Figure 10);

Observations on turbidity and routine oxygen and carbon dioxide
determinations of the creek water showed no significant relationship
of these properties to the rume It would seem that the amount of ture
bidity end the chemical quality of the water have little or no relation
to the incidence or magnitude of Great lakes sea lamprey runs, For
example, observations on the Manistique River and at the paper mill on
that river revealed that sea lampreys entered channels in the estuary
which carried a very heavy suspension of woodpulp waste, Furthermors,
upon reaching the peaper mill on the river, large numbers of them
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 condition can no longer occur due to alterations

in the level of the waste pipe made early in 1947).
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(L) Time of migration during the days--It has been previously

observed, that the greAtest upstream movement of sea lampreys occurs
during the hours of darkness, Of 1,521 sea lampreys takem in Carp
Creek between April 2l and Jume 21, 1,492 or 98,1 percent entered the
trap between 6:00 P, M, and 8100 A. M, the following day, Only 29 or
149 percent were taken during the hours of full daylight., Of those
migrating betwesn 6300 P, M, and 8300 Ae Me, 578 or 38,0 percent entered
the trap between 6:00 and 12:00 P, M, while 91l or 60,1 percent were
taken between that latter hour and 8:00 A, Me This agrees generally
with Shetterts data on the Ocgquece River for which he noted that 55
percent of the run occurred betwsen the hours of midnight and 6:00
A M,

A slight, and probably not significant, difference was displayed
in the time of migration of the two sexes, Of G4l males taken between
the aforementioned dates, 19 or 1.0 percent entefed the trap during
full daylight (prior to 6:00 Pe M.), 339 or 3640 percent between 6:00
and 12:00 P, M., and 583 or 63.0 percent between midnight and 8300
A, M, Of 580 females, 10 or 1,7 percent entered the trap prior to
6300 Ps Mo, 239 or L41.2 percent betwsen 6:00 and 12:00 P, M,, and
331 or 57.1 percent between midnight and 8300 A. M, The small dif=
ference displayed might be interpreted to mean that the females generally
begin their upstream movement each night at an earlier hour than do
the males,

Significant changes did occur in thse daily time of migration
during the course of the rume Until May 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, Ms Following this date,
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sea lampreys 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 periocd April 2 to June 21 into two
arbitrary periods we find that the following occurred: Of 898 sea
lamproys taken in the trap between April 2l end 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, M., and 632 or 70.4 perw
cent between the latter hour and 8:00 A. M, Between June 1 and Jwme 21,
623 sea lampreys were trappede Of these, 28 or L5 percent moved into
the trap during daylight hours (prior to 6:00 P, M.), 313 or 50,2 per=
cent entered between 6:00 and 12300 P, M., and 282 or 45.3 percent
entered between midnight and 8:00 A. M.

Field observations during 1947 revealed that at the beginning of
the spawning run sea lampreoys display & very strong negative response
to lighte<whieh becomes less and less pronounced among later arrivals
as the season progresses, These date from the Carp Creek weir confirm
those observationse They do not agres clesely with the obssrvations
of Shetter (1948?) for the Ocqueoec River run where he found a somewhat
greater proportioﬁ of migrants moving during the hours of daylight,

In view of the generally negative response of upstream migrants ‘o
light, I believe the differences in our data may be attributed to the
vory shallow and more exposed character of Carp Creek in its course
upstream between the bay and the weir,

(5) Length, weight and sex ratics-<0f the 1,617 sea lampreys

taken in the Carp Creek weir, length, weight apd sex date were obtained

from 1,600 spscimense, Of these 1,600 sea lempreys, 997 or 62,3 percent
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were males and 603 or 37.7 percent were females. This is a ratio of
165 males:100 females,

Male sea lampreys varied from 13.0 to 22,4 inches in total length
(330 to 569 mm.) and from 59 grams (2.1 ounces) to 400 grams (1l.1 ounces)
in weight, The average total length of 997 males was 17.4 inches (L42 mm,)
and the average weight was 181.6 grams (6.4 ounces),

Female sea lampreys varied from 12,0 to 22,6 inches in total length
(305 to 575 mm.) and from 61 grems (2.1 ounces) to L36 grams (15.4 owmces)
in weight, The average total length of 603 females was 17.4 inches (L}2
mm, ) and the average weight was 186,6 grams (6.6 ounces),

No gross sexual dimorphism in length is evident in these figures,

Table % has been prepared primarily to show the relative average
length (and weight) of males and females and the sex ratioc from day to
day throughout the course of the rune Cumulative averages by Seday
periods are also presented, The picturesque spawning run characteristics
aseribed to this species wherein the males predominate among early"
migrants and females among the late ones (with the peak of the run about
evenly divided) are only vaguely evident in the Carp Cresek rum. The
cumulative Seday totals of migrants entering the trap display a one

and one-half to one ratio between males and females quite generally

throughout the entire seasone The only suggestion of the aforementioned
phenomena occurred between May 1 and 10 when the ratio of males to
females was about 2:1s At the termination of the rum, between July 1
and 13, the males suddenly begean to cutnumber the females by a ratio
of almost %:1,

The largest specimens of both sexes were taken at the begimnning

of the run and for both males and females, the average total length




Table 3,

Number and average length and weight' by sexes and total sea lampreys taken in the
Carp Creek weir by dates and by cumulative periods,

Males Females .Number
Average  Average Average Average  Average Average  taken
length length weight length length weight with no Total
Date Number in in millie in Number in in milli. in data 48 and
1947 taken inches meters grams taken inches meters grams recorded 99 taken
Apl'il 22 \0 XY B XX XX 0 XX ose see 1 1l
23 o [ X X ] (X N J [ X R ] o so 0 [ X N 3 [ X X ] 0 0
ol 1 17.6 L7 202 1 1845 k70 285 1 3
25 3 17.6 L7 182 L 18,1 Léo 165 0 7
April 22«25 n 17.0 LL7 187 5 18,2 L52 189 2 11
April 26 0 see eoce ese 0 oes XX} XX ] 0 0
27 3 17.3 L39 160 L 17.7 L50 191 0 7
28 2 17.3 h39 17 2 17.5 Lhs - 184 0. L S
29 0 vee 2 17,5 Lk 168 0 2 3
30 6 17.1 L3k 175 3 17.0 132 173 0 9
April 20=30 T1 17.2 L37 170 11 174 L2 —180 0 22
May 1 2 177 Lso 195 1 17.3 L39 155 0 3
2 0 [ X X % L XX ] L XX ] o LA N J L XN | [ X R J o 0
3 15 18,0 Ls7 178 6 18.5 L70 206 0 21
L 12 17.6 Liy7 179 8 18.2 Lé2 187 0 20
5 26 18.1 160 194 12 18,5 1470 208 0 L3
May leb 05 17.9 455 157 27 18.3 465 199 0 92
May 6 12 17.4 LL2 153 L 17.7 Lso 172 0 16
7 12 17.6 L7 163 5 17.8 Ls2 179 0 17
8 5 17.4 L2 158 2 18,5 k70 215 0 7
9 * 1 20.5 516 239 0 oee X ece 0 1
10 0 L ARd *e e (X K] o L XX ] LN ] (X 2] 0 0
May 6-10 %0 17.0 LL7 161 11 179 155 183 ) I}
May 11 6 18.6 14.72 226 0 eos eee cee 0 6
12 5 17,3 L39 181 6 17.8 L52 194 0 11
13 11 16,9 L29 180 7 16.9 L29 189 0 18
U 7 18,2 Lé2 191 3 18,3 Lé5 208 0 10
15 6 17.6 . Ly 179 5 16.2 g 133 2. 13
May 11-15 35 17.6 L7 190 21 17.2 137 180 2 58
Mav 16 2 16.3 Lk 121 5 1649 L2g 183 3 10
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15 6 17.6 Li7 179 5 16,2 L1 133 2. 13

Mey 11-15 35 17.6 Ll7 150 21 17.2 137 180 2 58

May 16 2 16.3 lal 121 5 1649 L2g 183 3 10

17 33 17,6 Li7 186 26 18.0 L57 210 0 59

18 9 17.8 Ls2 175 9 17.0 L32 161 0 18

19 55 17.7 L50 192 37 18,1 Li6o 211 0 92

20 57 17.6 Lh7 185 31 18,1 L60 198 5 93

“May 15«20 156 17.6 LL7 186 108 17.9 455 203 8 272

May 21 38 17.6 LiL7 190 26 17.8 Ls2 208 0 6l

22 28 17.5 Lis 173 10 17.6 Ly 193 0 38

gﬁ 32 17.8 Ls2 184 I 17.5 L5 177 0 L6

Lo\, 17.7 150 188 26 17.0 L32 177 5 T

25 Lo 17.5 L5 179 13 _17.4 LL2 185 0 _53

May 2le25 178 17.0 LL7 183 89 17.5 Lh5 189 5 272

May 26 23 18.0 L57 197 13 17.6 Liy7 182 ) L6

27 30 17.3 L39 177 11 1743 L39 181 0 I

28 12 17.6 L7 168 10 18,5 k70 1% 0 22

29 L 18.9 L8o 206 2 17.0 L32 172 0 6

30 0 1 17.6 L7 198 0 1

" ¥ay 26-30 79 177 450 1% 37 177 L50 166 0 116

Mﬂy 31 1l 18.6 )472 2}4-0 0 XX} YY) eee 0 1l

June 1 (Weir inoperative) ces

2 12 17.2 L37 173 7 18,0 L57 198 0 19

3 11 17.4 L2 182 12 17.3 L39 197 0 23

L 15 16,6 L22 17 9 16.9 L29 177 0 2l

5 18 17.7 L50 178 13 18,0 L57 210 0 31

May 31-dune 5 57 17.% 459 177 L1 1706 Ly 197 0 98

Jume 6 27 17.5 LL5 195 16 17,2 437 189 0 L3

7 27 16,9 L29 176 ek 17.5 LLs 193 0 51

8 31 16,7 L2l 172 21 - 17.1 L3l 178 0 52

9 L3 17.2 L37 183 39 17.0 L32 178 0 82

10 28 17.5 Lh5 200 11 17,1 L2 186 0 39

June 6=10 156 17.2 137 185 111 17.2 137 180 0 257

June 11 22 17.0 Lz2 188 17 16,9 L2g 191 0 39

12 9 17.7 L50 195 6 17.3 439 188 0 15

13 6 18,3 Lés 215 1 16,0 Loé 150 0 7

Y 12 16.8 L2t 153 7 16.8 Lhe7 147 0 19

15 9 17.0 L32 162 10 16.9 L29 160 0 19

June 11-15 58 172 L37 180 Il 16,9 ) 172 0 99
June 16 L7 16,9 129 175 32 1649 L2 172 ) 5
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June 1l-15 58 17.2 1137 180 16,9 1,29 172 99
June 16 _ L7 16.9 L29 175 32 16.9 L2g 172 ) 79
IR v AR &y 17.1 L3Ln 159 6 16,9 L29 171 0 17
18 12 16,5 lag 155 15 16.3 Lil, 157 0 27
19 1n 16.4 7 167 6 15.9 Loty 158 ) 17
20 7 17,3 L39 190 3 17,h L2 195 0 10
June 16=20 88 16.8 L27 171 52 16.5 127 163 0 150
June 21 L 17.7 Lso 201 5 17,6 L7 188 0 9
22 3 16,8 L27 168 2 16,2 1 15L 0 5
23 L 17.6 L7 1% 2 18.3 Lés5 209 ) 3
2l 8 17.7 50 188 2 16,4 la7 202 0 10
25 3 17.3 139 175 2 16.6 L22 18" 0 5
June 2le25 22 17.5 4h5 187 13 171 N 182 0 35
™
June 26 1 18.9 L8o 26l L 16,6 L2 166 0 5
27 L 16.5 L1g L8 2 15.3 389 115 0 6
28 L 17.1 in 150 0 oae 0 L
29 8 16.8 L27 1,7 5 16.2 Il 163 0 13
39 8 17.3 439 181 3 17,0 132 148 0 11
Jine 26-30 25 17.0 L22 163 i 16,1 Li7 104 0 39
July 1 12 17.5 Lh5 181 2 16.1 Lo9 153 ) 1
2 L 17.2 L37 177 2 17.3 439 179 0 é
3 3 16.2 2 16l 2 18,0 457 259 0 5
L 0 veeo veo 2 15.3 389 116 0 2
5 3 16,0 Lob 143 1 1,8 276 118 0 L
July leb 22 17el prin ~ 173 9 16,0 o1y 170 0 1
Juy 6 1 15,6 396 U2 1 15.6 396 U2 0 2
7 3 16,7 L2l 151 0 oee eoe 0 3
8 2 17.2 L37 170 2 19.2 255 0 L
9 1 1809 Llrao 260 0 oce eoe eoe 0 1
10 1 16.8 )427 1% 0 L X X] L XX se0 0 1
July 6-10 8 1740 432 170 3 17.9 L55 217 0 11
July 11 0 ovs XX ece o XX ece e 0 0
12 2 17.8 Ls2 205 0 oee 0 2
13 1 17.0 432 0 0 1
. (No sea lempreys entered the trap after July 13)

__July 1113 3 17.5 LL5  (2)205 0 eee 0 3

Totals and o
Grand Averages 997 17.L Lk2 181.6 603 17.4 LL2 186.6 17 1,617
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gradually decreassd eslmost regularly during the course of the run,

This was more pronounced smong the femeles than among the malese
Periodic averages of the total lengths of femsles taken duriné the
first half of the run varied from 17.l; to 18,3 inches (Table 3),
Thereafter, these averages declinfd to a low of 16,k inches toward thei
end of the run, Comparable averages of total length among the males
were generally more consistent, The dominant pericdic average of total
length of males during the first half of the run was 17,6 inches, Thie
declined, es among the femmles, in the latter half of the season to
values ranging very close to 17,0 inches. This decline in size mey be
attributed to an earlier attainmment of sexual meturity among larger

specimens than among the smaller ones,

Other species of fishes taken in the weir and trap

(1) Xinds and numbers:--In addition to the sea lampreys teken in

the Carp Creek weir, 9,585 individusls of 18 other species of fish and
one other species of lamprey were taken as they migrated upstreanm _
(Tables L and 5)¢ The species of fish taken were as follows (totel
number taken appears after each species! name): White sucker

(Catostomus Ce commersonnii), 3,5L8; Northern redhorse suckers

(Moxostoma aureolum), 152; Rainbow trout (Salmo gairdnerii), 17;

Brown trout (Salmo trutte fario), 1; Brook trout (Salvelinus f,

fontinalis), 1; Smelt (Osmerus m., mordax), 5%8; Lake chubs (Couesius

plumbeus), L,1L7; Rock bass (Ambloplites re rupestris), 104; Northern

pike (Esox lucius), 5; Black bullheads (Ameiurus m. welas), 89; Common

shiners (Notropis cornutus frontelis), 1%8; Grest Lakes longnose dace

(Rhinichthys ce cetaractae), 80L; Finescale dace (Pfrille neogeea), 293

Creek chubs (Semctilus &+ atromaculatus), 1; Mudminnows (Umbra limi), 13
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‘ Table Li» Upstream end downstream migratior of white suckers and redhorse
: suckers teken in the Carp Creek weir: April 25.-July 11, 1947.

Mean water ~Upstream migration Downstream migration
Date temperature Thite Redhorse Number bear::s/ White suckers aig/
1947 (Degrees F.) suckers suckers lamprey scar rodhorse sucker

Apl’il 25 )48.5 1 3 oo oo
26 }4.8.0 2 1 eee L XX
27 }46.0 oese 1 LA [ X K]
28 L|-605 X x% Y XY eee oes
29 L48.0 5 PP oee ces
30 51.0 see [ XX ore ose
N&y 1 h7o5 2 ese ore s
2 b6.0 Li- ose ece ere
5 )4500 L XX LR 2 (XX ] (X X ]
)4 ).1.700 (YY) ose oce eoce
5 )-l-700 1 ore oce ' ose
6 50.0 [ XX oow (XX} os s
7 )49.0 3 LY} oee (X X2
8 1‘600 ®% e .O..' L X N ] [ X X J
lg ZE.? (XX} oo e " e
® 51.5 oo oo
12 5000 oe s ev e [ X X eee
13 51.0 10 ‘eee ere oco
1L L4B60 1 ece 1 eee
15 50.0 5 L XN 00 L XN )
16 5340 51 L7 3
17 56.0 62 55 5
18 550 73 L 2 con
19 6045 119 11 5 oes
20 59,0 A7 ess 1l eee
21 590 5e cee 3 our
22 5305 75 6 , 5 s0e
23 5Le5 159 L 10
2l 5560 170 2 8 ese
25 5745 206 2 12
26 56.0 70 6 0ss
27 530 ' 127 1 2 ses
28 LB8.5 138 8 5 PPN
29 k7.0 37 3 8 oes
30 Ld.l,.s 15 (X XY oca (XX 3
31 L9.0 (Weir inoperative)
»June 1 51]..0 9 LY 2 XY
2 52.0 1& 2 15 vese
3 5 05 1 oo 1)4- (XX
. L 5845 110 2 9 oee
' 2 575 217 oes 20 oen
6 60.0 . 251 [ XX ] 29 [ X ¥}
g 23. 250 oco 22 oce
o 202 - PO, 1 o
9 66,0 21, ose 12
10 7040 82 P 10 BT B
11 720 16 0o 2 i
12 59.5 20 eos PN 72
- 13 6045 38 eos 1 668
1)4. 56.-5 2 LY ’ (X X . bll.o;/
15 5640 Lk oee 10 297
16 5940 32 ove 2 2L,
17 6L.5 26 oce 1 276
18 66,0 1l C eese 1 216
19 65.5 5 oce eoe 137
20 68,5 6 oee oee L7
21 6900 o¢ e LX) (XX 9,4.
22 68,0 16 oov 2 26
23 68.0 12 oce coe 6
2}.]. 70.0 3 [ AR ) ‘ [ X X ] 25
25 T0.0 eoe oee ese 11
26 7109 [ X X ] [ XX 2 [ XX ] h
27 72.5 1 os e o
28 T2e5 2 P 1 2
29 T73.0 ooe 1l 3
30 (65)9” 12 1 1
July 1l (67) 31 oxe coe ote .
2 (éL) 27 ces 2 1l
3 (65) Lo oes 3 2
]“’ (70) 3)4- (AR [ X X ] 8
5 (70) 12 oo ooe 6
6 (67) 17 PO 2 10
7 (66) L 1 12
8 (72) 2 P oo 9
9 (68) (XX L XX eoce 5
10 (70) oee ese (XX} 1
11 (72) ose ooe one eoe
Totels 3,548 152 2578 3,198

Y Fish bearing one or more recent or fresh lamprey scars. Meximum number of scars
found on one fish was three,
Species not differentiated in records of downstream transfer,
v//Total number not exact. TIransfer made by Conservation Officer H, Burris who kept
only fairly acocurate count,
Of total upstream transfers, 7.0 percent bore recent or fresh lamprey scerse
Maximumeminimum thermometer broken. Temperatures at morning visit between
0900 and 1000,



Table 5, Numbers and kinds of fish other than sea lampreys, white suckers and redhorse suckers

taken in the Carp Creek weir:

April 25.duly 15, 1947.

(Upstream migrants)

- Miscellaneous
Mean water Great lakes species (with
Date tempersature Rainbow lake Common Rock long=nose Black total - length
1947 (Degrees ¥.) trout Smelt ohubs shiners bass dace bullheads in inches)
April 25 )-LB.E ‘ 3 153 5 5 cee eor Xy 1 Northemm Pikej 17.7
26 ,4.8.0 1 228 2 ..‘ oeC e [ X X J [ X X J LA N 3
27 hﬁ.O 2 )4-9 5 1 ovre o oo XX
28 hﬁ.s , X 28 h l X one s Y
29 LIB.O XY 10 ]J-l ose XX oee ove 1 Northern pike; 23.9
30 51.0 1 3 89 o0 2 o0 ooe 1 Northern pike; 17.5
May 1l h705 XY} 3 7 XX} eeo XX} ese 2 Northern pike; 19.6,
2 h.6.0 1 1l 5 3 XY Xy’ oo XY 2)402
3 ,4.3.0 1 LR N J LN N L E X2 . o0 o0 L X N *00
L h?oo e 15 3 XX eee XY ese soe M
5 h700 oo h- h. YY) eee Xy ' eve §§
6 50.0 [ X X ] one 1 o0 [ X X ] LA X 3 [ XX J [ R J '
7 h9.0 oes ese 1 1 oo XY eee 1 Mudminnow
8 1‘6.0 1 [ X N J 2 [ X X ) L N [ X B J oc e o0
9 395 'Y ese ese ove ose XY ove ove
10 hho5 'Y XY 55 ose Y 28 PP PP
11 51.5 eee 26 30l 2 130 ose coe
12 5040 vos 7 Ly6 2 1 1 1 1 Horny-head chub
13 51,0 ose ove 295 L oee 7 1 2 Horny-head chubs
i L48.0 cor . ese 111 -2 1 6 ooe 5 Fineescale dace
15 50,0 eor con 215 2 ooe 15 voo 1" " "
16 5340 ov o 6 536 h, 1 hD 1 3 n " n
17 0 oes L 240 11 1 7 v "
18 550 ese eve 136 3 oos 2 6 1" " "
19 60.5 eeoe ece hO ooe 2 12 5 . coe _
20 59.0 oos oo 76 6 1 17 5 12 Fine-scale dace
21 59.0 os e (XX 268 12 2 17 3 1 Brown trout; 5.8
22 5345 oo ooe 111 13 1 L 1 1 Horned dace; 7.6
23 5Le5 oo oo 160 12 1 101 e Muddler
2l 550 oee eve 127 5 L 33 2 1 Silver lamprey
25 575 1 ose 171 2 1 76 ooe 1 Johnny darter
2? ggog XX YY) 122 ose 1 62 1 Brook trout; 6.0
. eas XY 1 eoe eee 1 Horny-head chub 0
28 h8.5 o ese 1l 6L|- 1 eee 6 oece 1 Cree?k chub ; 7
29 h700 Y eve 20 1 eee eece ese 'Y
30 hhoB sce _ X | e Y see ove oo ses
21 L9.0 (Weir inoperative)
1 0 oce X 9 ooe 2 1 eve Xy
fune 2 g);oo oo eoe 113 2 2 6 2 oo
3 5645 ecs ooe 195 8 1 26 3 seo
L 5845 73 1 5 5 5
2 5745 oo oce 34 3 3 L8 1 1 Silver lamprey; 10,5
6 60.0 'Y XY 10 'Y 2 23 . 9 LA
7 66,0 1 ore 8 3 8 1 coo
8 6h.5 eve oo 16 3 5 17 YY) ees
9 66,0 oos oeo 2 coo L 7 2 cor
10 70,0 . 7 2 1 2 7 ceo
11 72.0 [ X X LY X h (XX ] _16 5 2 oo
12 59.5 2 (XX 2 oo (YY) eve eee
13 6045 1 i 1 2 2 1 oer
1’... 56.5 1 oo 10 ll- 'Xx) XX XX eose
15 5640 eoe ove 6 0o ) i 1 oo
16 59.0 [ XX J [ X X J 1 [ XX J XXX [ AN ) [ XX J
17 6‘405 1l ove 5 h 6 3 5 PR
18 66.0 oo oo 2 8 9 1 3 |0
19 65.5 eve eece ece oo ) eee ece oo
20 68.5 eoe eece T 1 3 ooe 2 oo
21 69,0 Y oo ) oce 2 oo 2 oo
22 68.0 [ X X J [ X X J L XN 3 [ X N 1 [ X3 J 2 o0 0
23 68,0 oo ese soe see 1 ese 1 see
ah 70,0 - ees oo oo Yy 1 oce soe oee
25 7060 oce vee sce XY 2 oo ooe eoe
26 T1.0 seeo eve eoe ') ece e ece oo
27 72.5 oo ece v 1l X X ece [ X X
28 7205 XX oo oo XY xxl XX} 'Y oo
29 73.0 [ XX} ose o ese [ X X 1 [ X2 4
30 (65)3/ oo see ®ae oo ose ore 1 1 Johnny darter
: oo oce es s cee 1 ove see eoe
JuIY é (2}_7‘_) ..: ece e (XX} XX eve 1l 1 Sne.pping turtle
3 565; eoe eee e e 6 1 see ose oo
h (70) ore o000 ese 1 XX ove 1l 1l Snapping turtle
5 (70) eve Y oo ose 2 ere 2 . eee
6 (67) L X X J [ X X J [ X X J 00 1 [ XN ) ' XX X X
7 266; (X X3 oo [ X X (XX ) [ X 3] [ XX 2 YY)
8 (72 see oce ese oo 1 Xy ove ese
9 (68) sce ove See 3 ese ove 1 ooe
10 (70) o L X X J L RN ] [ X X J ose [ AN J ‘e ee * [ X X ]
11 (72) sce oee eee oo e oee 1l 1 Painted turtle
i2 ses (XX} eoee oee oo eee oo oee 1l Wateggng.}ge e
13 Qoo [ XN (X X ] oce [ XX ] L XN ®re (XN J (XX
114 (XN eve e e ev o oo coe ece oo
15 L 2 2 L X X J [ X X J [ X X J e L B N 4 [ XX ] [ X X ] [ X X J
Totals 17 538 L,147 138 104 8ol 89

»}/ Maximumeminimum thermometer broken, Temperatures at morﬁing visit between 0900 and 1000,
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Hornyhead chub (Nocomis biguttatus), 5; Muddler (Cottus sp.), 1;

Johnny darters (Boleosoma nigrum), 2. The other species of lamprey

taken consisted of two specimens of the silver lamprey (Ichthyomyzon

wnicuspis)e
Two snapping turtles (Chelydra serpentina), one painted turtle

(Chrysemys picta), and one water snake (Natrix se sipedon) also entered

the trap.

(2) Length, weight and age:--Samples for length, weight and, in

some instances, age date were collected for those species entering the

trap most freguently. These date are summarized as follows:

Date of Number
Species collecticn of Totel length in inches
(1947) specimens Minimum Aversge  Maximum
White suckers May 26wdvne 12 102 12.2 15.8 19,9
Laks chubs May 26 50 La1 5.1 6.3
Smelt Apr. 25 50 505 609 907
Reinbow trout  Apr. 25-May 25 11 943 1.9 23,5
Reinbow trout June 7-17 ) 5.0 5¢9 645
Rock bass Apre 30=July 10 73 2.5 5e% 80
Great Lakes
longnose dace May 11 30 2.9 346 L5

Black bullheads May l3«July 11 58 340 6.5 10,0
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Scale samples obtained from 18 rock bass teken between June 11

and 15 were aged and the data for these was as followss

Age  Number of ’ Total Jength in inches Average weight
group specimens Minimun Average Maximum in grams
¥ 2 346 L3 b9 2945
¥ i 1 L7 6.0 648 109,0
va 2 7ok Te5 745 15545

One female rainbow trout 17.9 inches in total length (taken on
May 26) was in age group IIH, Another female,.ih.B inches long (teken
on May 12) was in age group vk, This latter fish was a downstresm
migrent and was spent when taken,

(3) Times of migretionse~White suckers entered the trap sporadically

and in small numbers until Mey 15 (the last day of the open season for

spearing this species)s The greatest upstream migration occurred between

May }é and June 9. Thereafter, they entered the trap in small numbers
until July 8, Like the sea lamprey, their peak activity apparently
oceurs at temperature levels of 50° F, or higher (Table h). of 152
Northern redhorse suckers, 117 or 77 percent were taken during the
Lieday period May 1._6_ to 19+ White and redhorse suckers were the only
species for which complete downstream migration records were kept,

The peek period of downstream migration for spent white and redhorse
suckers was from June 11 to Jume 19 (Table L). Of 3,548 white and

‘152 redhorse suckers (total 3,700) transferred upstream, 3,198 returned
to the weir and were transferred downstreams. The bulk of the difference,
502 suckers, was harvested by two supervised spearing parties which

took place during the closed season.
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The peak of the runs of three species, the northern pike, the
smelt, and the rainbow trout were apparently past prior to the first
day of operation of the weir (April 21), Field observations and ine
complete date from the weir indicated that the peak of the smelt run

occurred between April 18 and April 27.

lake chubs attained the peak of their migration between May 11 and
June 3., Like the sea lampreys and the suckers, their peak run was
erretic in character, probably as a result of wide fluctuations in the
water temperature (Table 5). The greatest upstream movement of Great

Lakes longnose dece cceurrsad bétween ¥ay 12 and Jume _8_. Their peak

run likewise fluctuated widely with temperature veriationse

Common shiners, rock bass and black bullheads entered the trap
in small numbers throughout most of the period of weir operation,
The number taken, however, was insufficient te reveal any peak periods
of migratory activity.

(L4) Species and numbers bearing lemprey scars:e=All suckers,

trout, northern pike, rock bass and bullheads taken in the trap were
e;:amined for lamprey secars. Of 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 (Table 4). Occasional fish had two
scars and twe instances of three scars on one fish were noted, On
Mey 2, a reinbow trout, 26.0 inches in total length, was confiscated
from & sucker spearer whc had taken it in the estuary of the creek,
This fish bore & fresh lamprey scar 2 1/} inches in diameter and
nearly 1/h inch deepe A 2l 5-inch female rainbow trout which ceme

downstream on May 12 bore two recent lamprey scars and one which was




wlile

rearly hesled, A third rainbow trout, 17.9 inches long, taken in
the trep on May 26 had an old, healedecver scers Ome northern pike,
19,6 inches long, taken on May 1 had two fresh lamprey scarse No
bullheads or rock bass bore any evidence of lamprey attacks,

Few, if any, of the aforementioned fish bore sears so fresh and
raw that one could suspect that they had been inflicted while the
fish was travelving the short distence from the mouth of the creek to
the weirs, This opinion is based on the comperetive examination of
these fish and that of a series of scerred whitefish and "chubs" taken
in Leke Huron, on some of which the lampreys were still atteched when
the nets were lifted, On the latter, the scars had a bright red, rew
appearsnce which was seldom approached in freshness of appearance in
the specimens taken in the traps

Furthermore, only one instance of recent feeding was fowmd amcng
the sea lampreys taken in the trap (the digestive tracts of mearly
all sea lampreys taken in the trap were opened)s On May 1, a femsle
see. lamprey, 17.3 inches long was taken from the trap in which the
intestine was partially distended with blood., This specimen was in
& retarded state of sexual maturity as evidenced by the condition of
its liver and the underedevelopment of the gonad,

It is concluded from these data that the fish entering Carp
Creek which bore scars were attacked by lampreys sometime priocr to
their entrence into the stream, This point is mede since the con-
centration of so marny fish end lamprsys moving in the narrow confines
of the ereek might lead the casual observer to believe that the ine
cidence of attacks noted was directly related to coincident spawming

runs of predator ard preys
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ITI, Oecqueoec River investigations

The sea lamprey run in the Ocguece River during 1947 was nct
impeded by any weir, trsp or other man-made structure, For this
reason, it was used in that year as an ares for the study of the
migratory and spawning habits and spawning requirements of the sea
lamprey, In addition to these observations, a series of samples of the
sea lamprey run were obtained toc augment the materials collected at
Carp Creeke Since the datas for both streams are combined or drawn
upon in subsequent analyses presented, a brief description of the
river, methods and places of collection, and dats on the sea lamprey
run are presented herewith, Furthef details of the physical charactere
istics of the Ocqueoe River watershed will be presented in the section
on spewning habits and spawning requirements of the species, A dese
cription of the sea lamprey runs entering this river in 194}, and 1945

has been presented by Shetter (1948? and I.F.Re Repte 1015),

The Qegueoc River

This river is by far the largest stream entering Hammond Bay.,
It flows in e northerly direction‘from its headwaters to Ocqueoc Lake
and from there, almost due east into the bay. Its watershed flows
through, or drains, the better part of six townshipse Its depth in
the spring months veries from about 8 inches in the riffle areas to
9.5 feet in its deeper poolses The river varies from 24 to 60 feet
in width during the same season. Through the upper third of its
course where it flows through a chain of lakes, the current is pree
dominantly sluggish and the bottom silted, The balance of the stream,
flowing first through pastured land and woodlot and them through a
wooded valley, is charscterized by swifter currents and bottom types

of rock, rubble, gravel and sand,
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In 1947, sea lampreys spawned in varying concentrations thr oughout

the entire lower twoethirds of the rivers The farthest point upstream
at which spawning occurred was 16.5 miles above the mouth (T, 34 N.,
Re I Esy Sects 19), It is estimated (on the basis of nest counts and
specimen samples obtained) that between 10,000 ard 11,000 sea lempreys
entered the Ocqueoc River in 1947. Of four permemnent tributeries 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 Cresk and the Orchard lake Outlet (tributeary to

Ocqueoc Leke) did not contain subsidiary r uns.

Methods, places and times of sampling

and ccllection 2£ other data

Sea lampreys in the Ocqueos wetershed tended to cencentrate at
two points during their upstream migration, The first ccncentration
occurred in Ocquece lake, 2 l/h.miles ehove the mouth of the river,
This phenomena wes aceidently disecovered on May 29, 19&7; when netting
operations were begun to determine if eny predation upon resident
game fish occurred while the seea lampreys wers passing through the
lake, On that date, an 18,2-inch male sea lamprey in an advanced
state of sexusl maturity was taken in the 25«foot length of 1 1/2a
ineh streteh measure netting in a 125«foot experimental gill net (set
in the nerth 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 netss The greatest catch was
on June 19 when 16 sea lampreys were taken in a 125«foct, 1 1/2«inch
streteh measure gill net, This was a 20=hour set, This concentration

in Ocqueoc Lake was evidently due to the inability of the run moving
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inte the lake to find immediately the inlet of the Ocqusoc River.
Ocgqueoe 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 on its southernmost extension. Captures
in the gill nets were made at all depths from 2 to 18 feet., Furthermore,
specimens taken were traveling in all possible directions which would seem
to indicate that they were searching more or less aimlessly for the inlet
of the Ocquece River. On several ococasions during the second week in June,
see lampreys were seen from the bank moving along the shoals in a direction
oprosite to that which would lead them to the inlet of the river,
Altogether, 69 sea lampreys in advanced stages of sexual maturity
were collected by this method (Table 6), They varied in total length from
1143 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 naturel reactions, Swimming normally‘
with their buccal funnel closed, their immediste reaction to any restriction,
such as forcing 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, Subseguent "tailing®™ through innumerable meshes of the net eliminates
any chance of escape (Figure 11),
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 individuals, Although
this method of capture was practiecal and productive in Oecquecc Lake where
the concentration of individuwals was abnormaelly 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,
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Table 6, Number and average length and weight by sexes and total sea lampreys taken in the Ooquece watershed,
Meles v ~ Temales
Average Average Average Average
length length Average length 1length Average Total
Date Location in Nature of Number in in milli. weight Fumber in in millie weight 34 and
1947 weatorshed specimens taken inches meters in grams +taken inches meters in grams $¢% taken
May 1L Below Lower Falls Migrants 3 16.8 27 159 3 19.1 L85 258 6
17 " " " " 3 17.8 Ls2 218 2 17.3  L39 202 5
26 " ” " B [ X2 ede eve oo 1 (18.3) (’.}65) (238) 1
May 20-June 1 Ocqueoc Lake " L 17.5 Lis 168 oo ces oes ese L
June L Below Lower Falls Dead = 1 (16.3) (Lal) (118) ... coes eee oss 1
unspawned .
6 " " " Migrants 9 156k 391 187 1 (15.7) (399) (134) 10
June T-10 Ocqueoc Lake " 6 16.6 L22 174 2 18.7 L75 2 8
112 Below Lower Falls " 37 16,2 e - 151 Ly 16.8 L7 177 81
i .o " 17 17,0 132 o 18 16,3 Ll o 35
June 1ll=16 Ocqueoc Lake " 5 15.7 399 117 é 16,3 lak 133 11
16 Lower Falls " ni | 164 1,09 152 97 16,2 h12 158 21 &
17 " " " Lo 1547 399 136 39 16.2  Li2 155 79 !
June 18«19 Ocqueoc Leke " 13 15.7 399 128 1 16.5 lng 149 27
20 Lewer & Upper Falls " 23 16.7 L2l 180 23 17.1 L3k 200 Lb
20 Lower River Spawning 11 15,6 396 180 L 17.h  Li2 2ho 15
or spent
June 2021 Ocqueoc lake Migronts L 17.2 L37 181 1 (20.5) (521) (270) 5
21 Lower Falls ) 19 16.7 L2l 181 1k 16,1, a7 165 33
21 Lower River Spawning il 16,0 1,06 182 16 154 391 161 30
or spent
22 Lower Falls Migrents 2 15.7 399 13L 2 17.9  Ls5 192 L
2l Lower River Spawming 1 (16.6) (4122) (208) L 1,0 356 12l 5
or spent " ‘
2l " " Dead or 11 16,0 Loé 169 5 13.5 3L3 92 16
dying '
June 25426 Ocqueoe Lake Migrents 5 16,3 il 154 5 15, 301 127 10
27 Lower River Spewning 6 16,1 Loo 195 0o ves oo voe 6
or spent - ‘
28 " " Dead or L 16,5 Lig 202 5 14,5 368 129 9
. dying _
29 R " Spawning 11 16,2 e 198 6 15.2 386 152 17
‘ or spent
July 1213 Ocqueoc Lake Migrents 1 (1h.7) (373) (103) 2 15,7 399 129 3
15 oo " 1 (16.0) (Lo6) (106) 1
Grand totels and averages 36l 16.2 la2 15h;/’ 315 16,3 lal 165g//’679

3/ Average based on migrant specimens only., Fifty-eight spawhing, spent, dying or dead males not included.
g//Average based on migrant specimens only.

Forty spawning, spent, dying or dead females not included.
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The second, and most visible, concentration of migrating sea
lampreys in the Ocqueoc River occurs at & seriss of three falls located
about onewthird of the way upstream (Te 35 N., R, 3 E,, Sect. 22)s Two
natural falls, L.5 and 6.0 feet high respectively, and the spillway of en
0ld mill dam form obstructions below whieh, the upstream mizrants tend to
"pileeup™ while sesking the most favorable route over the obstacles, Periodie
collections were made at the lower and upper natural falls, These were
made with scapenets or by capburing the lampreys by hand in the white water
on the face, or at the basa; of the fallss A total of 511 sea lamprsys
were collected in this manner (Table &),

In addition to the 580 unspawned, upstream migrants collected in
Ocqueoc Laﬁe and at the falls in the river, 99 spawning, spent and dying
or dead sea lampreys were collected on the various spawning grounds in the
river (Table 6),

Water temperature and water gauge readings were recorded for the
Ocqueoc River at a station situated 100 feet below the outlet of Ocquece
leke, As in the Carp Creek, a meximumeminimum thermomster was maintained
and minimum, mean and maximum water temperatures were recorded for the

period April 15 to August L, 1947 (Tabls 7).

The sea lamprey run

(1) Time limits and extent of the runs--Data collected for the

Ocqueoc River run was concerned almost entirely with the arrival, extent
of activity and disappearance of the lampreys on their spawning grounds,
Conclusions as to the time limits and peaks of migratory activity, as
they might be measured by a weir and trap near the river's mouth, are
based entirely on field observations and a considerationvof migratory
activity at the Ocqueoc falls, 8,8 miles upstream from the mouth of

the river.
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Table 7. Daily minimum, maximum and mean water temperatures and water
gauge reedings for the Ocqueoe River with air tempiratures for the locallty:
April 15-August L, 19Lh7es”

Water tempersture

Date (Degrees F.) Air temperature Water gauge
1947 Time Minimum Mean Maximum At visit (Degrees F,) (in inchesﬁ;/
April 15 1630 vee XX eca X eee ).IJ.QSO
16 1000 ose see X 28 36 oo
1600 38 3840 38 38 L7 37.50
17 1000 38 38,5 39 28 1o
1600 38 38.0 38 38 L1 33,25
18 1000 37 38,0 39 39 la
1600 29 39.0 39 39 Lo 30.00
19 o9h5 38 3845 39 39
1600 38 38,5 29 39 Lo 27.00
20 1700 39 39.5 Lo Lo L5 25.00
21 0920 39 39.5 Lo Lo ; 38 . cos
1600 Lo Lo.0 Lo Lo 39 23,00
22 0830 Lo 140.0 Lo Lo L1
1600 Lo Lo.5 1 | L2 21.50
23 0900 Lo Li.0 L2 B L6
1600 Lo 40,5 I 1 58 21.00
2, 0900 Lo 40,5 L1 L 50
1600 hi Lh1.5 L2 L 5L 2L.50
25 0900 Lo L0.5 i Lo L2 eve
1600 L2 L3.0 Ly by 51 25.00
26 0900 In Lo.5 Ll Ll L2
1600 i L5.0 L6 L6 L6 2l.00
27 1600 L3 Lh.5 L6 L6 2lie 75
28 1600 iy h5.5 L7 L7 60 23,50
29 0930 Lé Lé.5 L7 L7 €8 22,00
1630 L7 L8.0 Lo L9 66 21,75
30 0845 L7 L85 50 L8 52 coe
1600 23,75
Mey 1 0930 L7 43.0 Lo Lo 52 26,00
2 1000 L7 Ls.0 Lo L8 AN _ ses
1600 ®e0 L XN ] L X N o ¢t L X 28.50
3 0930 L7 L8.0 L9 L7 5L
1600 [ XX ] [ XN ] LN 2 oe e [ XX 38.00
L 0930 L6 Lé.5 L7 L7 6l 38,50
5 0830 Lé L6.5 L7 L7 5L L3,00
6 1100 L5 Lé.5 L8 L8 LhL 110,00
7 11L5 L6 Lo.o 52 L8 bl 3L.00
8 1130 38 L5.0 52 L8 30 29,00
9 10L45 L2 L5.0 L8 L6 L 25,50
10 1230 L2 L5.0 L8 L8 60 22,00
11 0815 - L5 L6, L8 L7 50 20,50
12 0845 L6 7.5 L9 L9 67 18.00
13 o08L5 L8 Lg.5 51 50 1 18,00
1, 0900 L9 51,0 53 - 50 L9 20,00
15 0930 L8 Lo.5 51 51 57 , 18,50
16 0930 L9 50.5 52 51 58 17.00
17 09L5 L9 51.0 53 53 é5 15,75
18 1000 52 53.0 sl 5l 63 14,50
19 0915 52 5540 58 57 73 13.00
21 o08L5 53 56.0 59 56 I3 1
22 1 6 3e25
0915 55 5645 58 56 50 16,00
23 o9k5 - 55 5645 58 56 51 16.00

- Pt e
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12
13
1L
15
16
(
15"

19

- 20

Junse

July

21
22
23
2l
25

2

27
28
29
30
31

VO~ PN EWND -

0815
o8h5
0845
0900
0930
0930
o9L5
1000
0915
0900
08L45
0915
09Ls5
0900
0930
1000
0930
1000
1015
0915
0915

08L5
09L45
0200
0900
0900
1000
0915
0900
1215
0900
1130
1015
1045
1015
1115
1030
1145
1145
1030
1115
0930
1145
1015
0930
1,00
0900
0915
0930
0930
09L5

0900
1100
1030
1000
0930
o945
1030
0930
1000
1000
1100
1015
1330

1145

1000

1 1!45

L6.5
L7.5
L9.5
51.0
L9.5
5045
51.0

53,0
55.0
5640
56.0
5645
5645
555
56,0
5645
56,0
545
52,0
50.5
51,0

50.5
51.5
51.5
5L.5
5640
58.0
59.5
5%.5
62,0
6’.‘. Q
68,5
66,0
66,0
62.5
62,0
61,0
6040
62.0
62,9
65.0
65.0
67.5
69.0
6940
6840
70.0
68.5
7340
72.5
705

695
68.5
69.5
71.0
T2o0F
700
68,0
68.0
69,0
71.0
71,0
1.5
735
735
7140
73.0

———

18Q00
18.00
20,00
18,50
17.00

15.75
14.50
13,00
13,50
13.25
16,00
16,00
15,25
14.50
16.50
17.00
17.00
18,00
23,50
21,75

18.75

16'00
1,00
12.25
11.25
10,50
.75
9.25
8.25
8,00
8.00
Te25
6.59
8.25
8,00
9,00
8,00
Te25
6’50
6.00
525
5.00
L.75
Leoo
L5
L.00
3.00
Le75
5.00
11050

L1s50
La00

<25
2,75
2.50
8.00
900
775
6,00
LeT75
L.00
350
325

Le50
Li.50
L.0n



0900 52 54,5 57 55 60 . 12.25

L
5 0900 sk 5640 58 56 70 11,25
6 1000 56 58.0 60 57 66 10,50
7 0915 57 59.5 62 59 5k 9.75
8 0900 57 59.5 é2 62 58 9.25
9 1215 60 62,0 6l 6l 72 8.25
~10 0900 61 6L.0 67 66 80 8.00
11 1130 65 68.5 72 68 58 8400
12 1015 6l 66,0 68 66 56 7425
13 1045 6ly 66,0 68 6l 52 6.50
1, 1015 61 62.5 6ly 6% 56 8.25
15 1115 é1 62.0 63 60 53 8,00
16 1030 61 61,0 61 60 56 9,00
17 1145 58 60,0 62 62 59 8.00
18 1145 & 62,0 élL 62 62 7+25
19 1030 60 62,0 6l 6l 6l 6,50
20 1115 62 65.0 68 66 68 6.N0
21 0930 62 6540 68 65 66 5425
22 1145 65 67.5 70 69 h 5.00
23 1015 67 69.0 71 69 78 Le75
2, 0930 67 69,0 71 67 62 «00
25 1400 65 68,0 71 70 7h L.50
26 0900 68 70.0 72 68 an L.00 '
27 0915 6l 68.5 73 72 78 3.00
28 09%0 72 730 T4 72 7h Le75
29 0930 70 7245 75 72 70 5,00
30 09h5 68 70.5 73 70 66 1450
July 1 0900 68 69.5 71 68 56 L.50
2 1100 66 68,5 71 70 70 L.00
3 1030 67 69.5 72 68 7h 3.25
L 1000 68 71.0 7h 70 76 2,75
5 0930 70 72.0 yn 72 68 2.50
6 0945 68 70.0 72 69 62 8.00
7 1030 66 68,0 70 68 70 9.00
8 0930 66 68,0 70 67 70 7475
.9 1000 68 69.0 70 70 72 6,00
10 1000 68 1.0 7h 72 72 Le75
11 1100 69 71.0 73 72 yn L.0oo
12 1015 69 71.5 " 73 70 350
13 1330 71 7345 76 76 82 3.25
1 [N W] L ) oo o0 X1 L N ) o9
15 115 70 7345 77 70 70 1450
16 1000 69 71.0 73 70 72 B 1150
17 1145 70 73.0 76 75 82 L.oo
18 1100 72 75.0 78 76 7h 3,75
19 0845 69 730 77 69 59 3¢50
20 1200 68 70.5 73 71 71 3.25
30 1530 662" 72,5 793~ 77 8ly 3.50
August I.I. 0930 v sa ev LY X *se 1075

\:l/Readings taken at station 100 feet below the outlet of Ocqueocc lLake,

E Depth in midstream directly opposite water gauge was approximately 2l inches
grga/‘ber than gauge readings listed,

" Minimum and maximum water,Aemperatures for perlod July 21 to July 30 inclusive.
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It was reported to me by Mr. Enos Brege of Ocqueoc, Miéhigan, that
on or about April 10, 1947, he saw "several®™ sea lampreys off the mouth
of the Ocqueoe¢ River while he was prospectihg for the beginning of the
smelt run. Data presented by Shetter (1948?) for the 1945 sea lamprey
run show daily trap eatches of no or solitar& soa lampreys for the period
April 22 (first day of trap operations) to April 28, during which time,

the average daily water temperature varied from 42° F, to L)° F. In 1947,

meen dejly water temperaturss in the Ocqueoec River remained belew LO° F,

until April 21 (Table 7). After consideration of these data and that
presented in this revort for Carp Creek for the period April 14 to 21,

I believe that littls or no upstream migration occurred until on or ahout
April 20, 1947.

The greatest concentrations of sea lampreys at and on the Ocqueoec
falls were present during the period June L to 17. Water temperatures
at the falls during this period varied from 56° F. to 64° F. (21l recorda
ings made between 10:00 and 12:00 P, M,), The individuals composing this
peak conceuntration obvicusly required some time to make the journey upstream
(and through Ocqueoec Lake) from the mouth of the river, Sinee the mean
daily water temperatures (in the lower river) rose and remained above 50°
F, on May 16 (Table 7), I presume that the peak migration into the river
begen on that date and continued until about June 10,

The last spawning migrants observed in the entire river were & pair
of sea lampreys which, on July 19 and 20, built a nest and spawned in the
lower river about 350 fest below thse outlet of Ocqueoc Lake, It was
impossible to ascertain whether these spawners had come up the river from
Hammond Bay or had dropped down from Ocqueoc Lake where they may have
been unsuccessful in loeating the inlet of the Qcqueoe River, Ho spawning

sea lampreys could be found in the upper river during the second week in
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Julys Sinece individuals could still be taken in Ocqueoe Lake by means
of gill nets as late as July 15 (Table 6), 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
lampreyse

(2) Length, weight and sex ratio of sampless--Of 679 sea lampreys

collected in the Ocqueoc River, 364 or 53.6 percent were males and 315
or L6.h percent were females., This is a ratio of 116 males:100 females,
The average total length of 36k males was 16,2 inches (L12 mms)e
They ranged in length from 12,5 to 19,4 inches (318 to 4493 mm.). The
average weight of 306 unspawned, migrant meles was 154 grams (5.l ounces)
and they varied from 73 to 300 grams (2.6 to 10.6 ounces),
The average total length of 215 females was 16,3 inches (L1); mm,)
and they ranged in length from 12,0 to 21.1 inches (305 to 536 mm. ).
The average weight of 275 unspawned, migrant females we.s 165 grems
(548 ounces) and they varied from 70 to 316 grams (2.5 to 11.2 ounces),
Both ranges and averages of length and weight values fof the
Ocqueoc River run are appreciably lower than those given for the ecomplete
run taken in the Carp Creek. I do not believe that any such real difference
exists in the length and weight composition of the two runs., An analysis
of the sampling procedure as undertaken in the Ocgqueoc River suggests
that it was selective in favor of the smaller specimens, During the
latter part of the spawning season, there was a visible decline in the
size of males and females on the spawning grounds, The very smallest
specimens seen and collected during 1947 were found on the upper Ocqueoc
River spewning grounds during the last week in June and the first three
days of Julye. These field observations agree with the data presented

for Carp Creok whereoin it was demonstrated that the average size of the
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upstream migrants declined during the latiter half of the run, Our
collections in the Ocqueoc River wers made primarily at the Ocqueocc falls,
during and gfter the peak concentrations of migrants there, Furthermors,
collections on the spawning 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 Oequece
River run was influenced by the period during which collections were made.

The primary collecting technique used, capture by hand, also favored
the smaller specimens. It is obviously easier to grasp and hold a llj=inch
sea lamprey than one which is 18 or 20 inches long.

The validity of the more equal sex ratio displayed in the Ocgquece
River samplss cannot be determined since data on the sex composition of

the entire run and any differential migration by sexes is laeking.

IV, Biologieal characteristics of spawning ruus

A, Length composition of spawning runs

In order to demonstrate the length composition of sea lampreys in
spawning runs, & tabulation of length-frequencies for the 1,600 sea
lempreys taken in the Carp Creek and the 679 specimens collected in the
Ocqueoc watershed is presented in Table 8,

Male sea lampreys emtering Carp Creek varied from 13,0 to 22,4 inches
(330 to 569 mme) and averaged 17,4 inches (L2 mm,) with a standard
deviation of & 1,52 inches (38 mm,). Female sea lempreys varied from
12,0 to 22,6 inches (305 to 57 mm.) and averaged 17.l; inches with a
standard deviation of & 1,60 (41 mm.)., The sexes combined average 17.h4
inches with & standard deviation of £ 1,55 inches (39 mm.). These data
for the Carp Cresk sea lampreys are presented pictorially by histograms

in Figure 12,
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Table 8, Length-froquency table for sea lampreys collected in
Carp Creek, Ocqueoc River and Ocqueoe Lake, Presque Isle County,

in 1947,
Sizs to
nearest Carp Creek Ocqueoe River and Ocqueoc Lake
0.1 inch Males Females Sexes combined Males Females Sexes combined
12,0 ese 1l 1 ese 1 1
ll LR N ) LN eey L X 2N 2 e [ R X J
.2 . o ®e e e L L I L X N J
.5 ® e [ X N ] [ N 3 L L 4 L ] *2 0
.h [N o6 s L N 3 v e ® e *e
05 e oo esre 1 es s 1
b ' eve 1 1 aes 1 1
07 (XX ] ece LR ese ev e ece
08 L X 4 [ X ] LN ] L X L L X % J
09 LR ez L X W] LR ) 1 1
13.0 1 ews 1 oss 1 1
ol 2 ess 2 2 2 L
o2 1 .sas 1 1 L 5
03 oo LR ese 1 e 1
.’.I. 2 1 3 oo 1 1
.5 oae L RN ] [ X ] 1 1 2
.6 eo*e 2 2 l o e 1
Q7 *ve 2 2 3 2 5
8 1 1 2 2 oo 2
9 L L 1 1 2
11,0 2 1 3 2 1l 3
ol 2 TN 2 2 2 L
2 2 2 L 7 2 9
o3 2 1 3 5 L 9
A ] 3 6 7 5 12
2 2 1 ] 5 L 9
6 7 5 12 7 3 10
o7 L 6 10 6 9 15
8 L 1 5 7 9 16
9 6 L 10 7 2 9
15,0 10 6 16 9 6 15
o1 7 10 17 9 9 18
2 9 2 11 10 9 19
3 8 6 1l 12 7 19
Ji 14 2 16 N 5 9
5 11 17 28 15 10 25
. 16 5 21 6 10 16
o7 12 5 17 8 8 16
3 23 13 26 13 L 17
9 15 9 2l 10 16 26
16.0 17 11 Y 28 11 10 21
ol 1 9 23 7 5 12
o2 15 17 32 1 5 19
o3 3L 1y L8 7 9 16
ol 16 1 30 12 8 20
5 16 20 36 12 9 21
P 20 11 21 9 6 15
.7 21 11 32 9 L 13
.8 2l 11 35 10 12 22
9 38 20 58 ﬁ L 13
17.0 37 22 59 6 10
.1 22 9 31 10 6 i"
10
2 39 }Z ‘;‘Z A 119 92
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An examination of tsbular lengthefrequency data (Table 8) indicates
a platykurtic distribution of lengths in the spawning population entering
Carp Cresk (i.e, the length-frequency distribution is somewhat flatter
than a normal curve of distribution would be), The standard deviations
of the sexes both separately and combined are high.

Possible interpretations of these data are smbiguous. Platykurtie
distributions accompanied by high standaré deviations reflect either high
variability or some heterogeneity in the sample, In the case of a fish
population such as these sea lampreys, this heterogeneity could be one
of either age or origin, By heterogeneity of origin it is meant that the
individuals composing this sea lamprey run may have come from widely
separated localities of diverse charscteristics in Leke Huron, Irregularities
in the lengbth composition of certain lake fish taken within the limits of
Saginaw Bay alone have besn attributed to this phenomenon according to Dre
Ralph Hile (verbal communication),

The determination of which of these characteristies is displayed
in the Carp Creek data is of considerable importance in determining the
biology of the species, For example, it would be of value to know if the
sexually mature sea lampreys entering a stream to spawn are homogenous as
to age or whether runs are composed of individuals of several age groups,
Should the latter condition cbtain, it would render any determination of
length of the parasitic period based on ccllections of sexually immature
individuals from the Great Lakes extremely difficult to make {as yet, no
method has been devised to determine the age in years of adult sea
lampreys)e

Until additional data can be examined, we must consider that several
possible interpfetations of the date presented herein exist: (1) Either

the spewning populations entering Carp Creek 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 length compositien eof the collectioms from the Ocqueoc watershed
was not critically examined since the lampreys in it are a selected sample.
Length-frequency data for the Oecgueoe River specimens are presented in Table
8 primarily to demonstrate the richer representation of smaller size groups
(12 to 15 inches) as found in this, a much larger run, than in that for

Carp Cresk,

B. Weight composition of spawning rums

Weightefrequency data for 1,599 sea lampreys taken from Carp Creesk
are presented in Table 9. These data are presented separately for the
males and the femnles., Male sea lampreys varied from 59 to LOO grams
(2+1<1li1 ounces) and averaged 181.,6 grams (6.} ounces)., Females varied
in weight from 61 to 436 grams (2.1«15.) ounces) and had & mean weight
of 186,6 grams (646 ounces), Weight-frequency polygons for both males
and females display & positive skewness (Figure 13). As a result, the
modal weight values (i.e. mqst frequently encountered weights of migrating
sea lampreys) for both sexes are appréciably lower than computed msan
weightse The marked asymmetry of the weightefrequency distributions may
again indicate some form of heterogeneity in the spawning run,

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 (which constituted 99 plus percent of the run) was 654 pounds.
If wo utilize the maximum estimate for the run entering the Ccqueoe River
in 1947, 10,000 sea lampreys, and assign these migrants an average weight

of 6.5 ounces for both sexes combined, we find that the total weight of

the run in that river was very close to 14,062 pounds, These data indicate
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Table 9, Weight-frequency table for 1,599 see lampreys collected in

Cerp Creek, Presque Isle County, in 1947.

Weight group

(10-gram intervel) Males Females Sexes combined
50 - 59 1 e 0 1
60 - 69 1 1
70 - 79 1 1 2
80 - 89 5 L 9
90 - 99 10 7 17

100 - 109 22 12 3k
11¢ - 119 32 18 50
120 - 129 Lo 23 63
130 « 139 71 L7 118
140 - 1k9 79 Lo 119
150 = 159 98 59 157
160 - 169 101 L8 1Lo
170 - 179 87 L6 133
180 - 189 85 L2 127
190 - 199 €0 39 99
200 = 209 55 28 83
210 - 219 L2 37 79
220 - 229 L2 33 75
230 « 239 38 26 6l
. 240 - 249 31 20 51
250 « 259 27 12 39
260 « 269 16 11 27
270 - 279 10 i 2l
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
530 - 339 1 1 2
340 - 3h9 2 1 3
350 « 359 1 ese 1
360 « 369 1 1
370 = 379 1 1 2
380 « 389 1 PN 1
390 - 399 ee erse [ X ]
Loo « Lo9 1 1 2
LaJ.O - hl9 ees eee oke
)420 - )429 ess X (X XY
L30 - 439 ees 1 1
Totals 996 603 1,599
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Figure 13, Weightefrequency diagrams for male esnd fernle soe lampreys
teken in the Carp Creek weir and trap in 19L7.
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that even where large sea lamprey runs are present, the total poundeges
that might be removed for commerecisl purposes are not of encouresging

proportions,

Coe Relationship between length and weight in spawning runse

Both length and weight date were obtained for 2,180 sea lampreys
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 Ocquecc River. Average
welights by O.2-inch length groups were computed separately for the males
end females of each of the two rumse A comparison of corresponding sexes
from both watersheds indicated no significant differences in the lengthe
weight relationshipe For this reason, the length snd weight date for both
rums were combined (Table 10), sexes separate, The empirically determined
avereges for the males and females were plotted separstely upon graphs and
curves were fitted to these points by inspecticn (Figse. 1l and 15),

In genersl, the weight of sea lampreys does not increase as rapidly
with length as does the weight of many higher fishes (Beckmen, 1948%),
This is attributeble to their more attenuvate 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 wuntil a size of 19.5 to 20.0
inehes is attained, Thereafter, weight increases rather rapidly with
length (Fige 1L).

Among the femasles, weight increases more noticeably with length
but the validity of this relationship is questicnable due to the profound
effect of the developing overy upon the totel weight of the female (Fige. 15).

The variation in weight at any given length is generally great and
incresses with increase in lengthe. Occesionally, the heaviest specimen

in a O.2-inch length grovp exceeded twice the weight of the lightest
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Table 10, Tentative length-weight relationship of migrating sea lempreys
. taken in Carp Creek and the Ocqueos River, Presque Isle County,. in 1947,
Total length in _‘. liales Females
inches (by 0.2« Number of  Aversge weight Number of  Averege weight
inch length groups) specimens Gra.msg——éunoes specimens  CGrams  Ounces
1200 ese (XX XX 1l 75
' .2 oee [ X X ) X N ) [ X N L X ]
o,.':. XX} ees ese Xy (XY}
.6 LE X J [ XX ) L XX ] 2 66
.8 [ XN LA N ] [ 2N ) [ X L X N3
13,0 1 85 340 ecs oss
2 5 90 3e2 3 100
ot 2 78 2.8 1 81
6 2 88 3,1 2 130
8 6 100 3.5 5 98
1.0 7 103 3.6 3 93
o2 12 99 5e3 5 125
oy 17 105 3eT 12 110
N 18 121 L3 11 11,
«8 21 117 L. 18 117
15,0 28 2L Loy 18 126
.2 32 121 he3 23 123
ok 3k 137 L8 19 128
‘ 6 L5 132 L7 37 133
8 25 139 Le9 50 157
16,0 50 143 Le9 L5 153
o2 L7 145 Sel 36 150
ol 67 153 Sely L2 155
N 50 162 5.7 L6 157
N:] 63 163 547 38 163
17.0 83 162 57 52 173
o2 70 171 6.0 I 177
ol 52 174 6.1 38 181
6 75 182 6l 36 18l
o8 2% 191 6.7 39 191
18,0 5k 187 6.6 27 197
o2 37 198 7.0 31 209
oly L8 206 73 28 222
. L8 2l9 Te7 27 225
8 L3 2l3 Te5 33 ezl
19,0 3L 226 8.0 23 229
2 28 237 8.1 20 23
oy 21 240 8ot 17 263
. 20 250 8.8 16 252
o8 19 252 8.9 12 26l
20.0 10 256 9.0 8 266
o2 13 271 9.6 L 266
oy 11 26 9.3 8 278
. % 6 277 9.8 7 27k
o8 L 295 10.4 3 251
2100 [ XX (XY ] ese 3 330
2 1 28l 10,0 1 316
"4 . 2 300 : 10.6 o . e%e eee
N 3 350 12,3 2 361
.8 2 320 11.3 ece oes
22,0 1 Loo 1.1 1 374
.2 2 399 127 1 §?§
ol 1 385 13,
.!64' *% L LN LN 4 1 h}é
.8 [ XN 2 [ NN ] o0 e 5 & LN 2
23.0 LN X1 .50 [ X} L XN J LU )

Totals 1,303 es e oeve 877 oes
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Figure 1, Length-weight relstionship and range in weight at given
lengths of male sea lampreys teken jn Carp Creek and the Ocqueoc River.
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Figure 15, Lengtheweight relationship of female sea lampreys taken
in Carp Creek and the Ocqueoc River,
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specimen in the seme groupe. This is illustrated in Figure 1l where the

range in weight for each O,2-inch length group of males has been plotted,

Ds Migratory habite and behavior,

Sea lampreys swim with a whipelike, undulatory motion which in its
mechenics is identical with that of the eel (Anguilla) as described by
Breder (1926) and termed by him: ™anguilliform locomoticm." It is very
similar to the familiar movement of a snake traveling on the ground.
During their upstream migration and presumably during all of the adult
phase of their life cycle they are, on occasicn, extremely repid swimmers,

Sea lampreys swim normally with the orel disc closed giving the hsad
e bulletesheped conformity; an antériorly cylindrieal and posteriorly
compressed body, covered with copious smounts of friction-reducing slime,
adapt the species well to rapid locomotion, These characteristics may
be particularly useful when the animal negotiates rapids and falls, When
treversing ereas of fast webter, and when surmounting obstacles such as
dems or netural falls, or when frightened, (presumably also when overtaking
their prey) they are capable of emazing spurts of speed. However, these
sudden spurts uvndoubtedly represent the terminal swimming veloeity 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 swimming habits
(in migretion) of the sea lamprey differ materially from those of other
fishess They seldom rest in midwater by mainteining their position and
balance in the current through continusl movement, Rather, when not
deliberately moving upstream, changing position, or seeking their way
around or over amn obsteacle, they cling by their mouths to a rock or log
or any aveilable solid objecte This behavior was noted even under cone

ditions of little or no current and among individuals resting in statie

water,
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Related to their cepacity for sudden bursts of speed is their
ability to work their way over many natursel falls and men-made dems
of low or irregular construction. Surmounting such cbstacles is not
accomplished by spectacular leaps as among the salmon, but by throwing
themselves upward and forward in short, wriggling thrusts and securing
each gein by attaching themselves firmly in & new position by their oral
disce Each gain is followed by a seemingly long pericd of rest before
another attempt to move further is begun. In this fashion, they progress
slowly up and over the faces of falls, fellowing crevices and fissures
which offer the lgast resistance by current or vertical surface, Air
chembers behind the falling water are treversed by the sea lampreys with
no apparent difficulty; I have seen messes of them in such locations
thet were wet only by spray or cccasional turbulent surges, Where falls
and low dems offer vertical surfeces t¢ be surmounted, it wes noted thet
the sheer mass of migrating individuals "piling-up" at such 2 point
occasionally forced the topmost individuéls tc a position where the
barrier could be cleared in a single thrust. Mass action in these ine
stances is thus helpful in ensuring that at least some individuals
may gain the spewning grounds.

These latter observations were mede in the falls of the Ocqueoc
River end at several low dams on that river where it was possible to
trace the routes of the lampreys over these cbstructions by exploring
the face of the falls by hand.

Observetions at these locations and at several high dems, as
those on the Cheboygan end Manistique rivers, indicate thet sea lampreys

can seldom "jump" vertically more then two feet although they have been

occasionally ebsérved leaping as mueh as four feet in a forward and slightly

upward direction at the base of a natural fallse It is of interest to
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note that they can, and occasionally do, leap out of a 10 gallom milk
can containing about 12 inches of water,

These and other behaviorisms are of some interest when trapping
operations are considered. Sea lampreys observed arriving on the dovmstream
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
dovnstream and upstream along the barrier, seeking some smwall aperture
through which to pass; eventually the trap entrance was discovered and
entereds As a result of this searching behavior these lampreys had
phenomenal success in finding and passing through the smallest of apertures
in & weir face, When caught in a trep or held in live-cratss, the same
behavior was noted-ean almost ceaseless searching for some means of eseape.
1947, I tested the ability cf sea lampreys tc find an opsring large

enough to permit their passage through a barrier sereen, Eighteen mi.

greting adults were placed in the lower of two compartments of a large
livee-crate thet was situated in & moderste water current. The crate
measured 3 by 3 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 ¢loth partition dividing the lives
crate., Within four hours, all but two of the sea lampreys had found,
and passed thrcugh, this hole into the upstream half of the box. For
this reason, great care must be exercised in the construction and maine
tenance of both weirs and traps,
The physicel characteristics of the lampreys and meny of their

naturel behaviorisms meke them extremely difficult to handle during

trapping operationss All nets used for removing trapped specimens
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should have desp bags since the lampreys temd to jump and thrash

violently when removed from the water, Unless comsiderable practice

has been had, it is almost impossible to hold on to an adult sea lamprsy
with bare hends., 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 cne-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 between the funnel and first gill
opening between the thumb and forefinger,

Data reletive to the differential migration of sexes during the
spawning ruvn and changes in its generally nocturnal ﬁature have been
presented in & preceding section,

The negative response of migrating see lampreys to light is par-
ticularly marked during the first half of the run, In the Ocqueoc River
watershed a period of six to eight weeks elapses between the entranmce
of the first migrants into the river and the beginning of spawning
activity, Although towards the end of this periocd a great number of
sea lampreys are present in the drainage, they are seldom if ever seen
during the daylight hourss However, visits at night time to areas
apparently devoid of sea lampreys during daylight reveal meny migrants
clinging to rocks or working their wey upstream, The daylight hours
are spent wedged between and under rocks, logs, brush tangles, hiding
under overhanging banks or in the deeper pools. When prodded from these
hiding places thgy dash blindly away with 1ittls regard for the direetion
taken, In several instances, disturbed specimens darted at right angles

to the eurrent with such force that they slithered several fest up onto
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a low, grassy bank or a mud flat, Generally, after traveling but a short
distance, they sought to conceal themselves agﬁin by utilizing whatever
cover was available, When disturbed at night by the observer shining an
artificial light on them, the lampreys fles with apparent lack of directionm,
much as inthe daytime, I have besn unable to drive them ahsad of me with
e Jjacklight accompanisd by splashing. The sea lampreys tend rather to
seurry in all directions, mostly downstream and often between the legs of
the drivers, Their fellow migrants, the suckers (Catostomus spp.), behave
differently, They move from such disturbances in more or less of a growing
sehool,

Prior to any spawning activity, migrant sea lampreys taken in streams
are very temacious of life, particularly in cool weather, and will survive
much longer periods when held out of water than most other fishes will,
Specimens retained in a milk can without water for six houfs at about
35° F, on a spring night revived without apparent ill effects when placed
in water again, The pumping action of the gill pouches is very persistent,
end will last as long as 1 1/2 hours in specimens that have been "drawn®
(gutted),

Both negative phototropism and vitality change with the advent
of peak spawning activity. Migrants are more and more in evidence 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 sea lampreys engeaged in spawning,
this is most probably due to the observed loss of vision which accompanies
the physical degeneration taking place at this time. MMost specimens
observed nearing the completion of spawning were judged to be quite

blind, The tendency of migrating sea lampreys to be more in evidence
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in daylight during the latter half of the run may be due to this ocular
degeneration and/or to an urge to reach suitable grounds and commence
spawninge Both or either may offset to some degree the displayed response
to light of earlier migrants,

The great vitality noted in early migrants likewise disappears and
late migrants bear littls handling or removal from the water,

The question has often been raised as to whether or not sea lampreys
feed during migration, I sought to answer this question by analyzing the
contents of lamprey digestive tracts and by examining other fishes present
in the same waters during a migration for lemprey scarse The disssction
of migrants taken from both Carp Creek and the Ocgueoc River presents
very strong evidence that feeding ceases with approaching sexual maturity
and with upstream movement, Of 2,2li9 migrating sea lampreys examined in
1947 from Carp Creek and the Ocquecc River, only one specimen showed any
evidence of recent feeding.

Between May 29 and July 15, 1947, netting operations were undertaken
in Ocquece leke ntilizing 125«foot experimental gill nets., Twenty-oight
sets were made averaging 2l hours each, During the period of netting
operations, migrant sea lampreys were concentrated in greater or lesser
numbers in the leke while in passage to the upper reaches of the watershed,
A tobal of 69 sea lampreys snd 1lll game, pan, and coarse fishes werse
taken as follows: 27 northern pike (average leangth: 21,7 inches, range:
13,0e3243 inches); 41 rock bass (average length: 6.3 inches, range:
%,8+8.% inches); 2 black bullheads (8.1 and 10.8 inches); L bluegills
(average length: L.O inches); 28 yellow perch (average length: 5,7
inches); 2 largemouth bass (10,7 and 13,0 inches); 6 white suckers

(average lengths 13.3 inches, range: 9.0-17.8 inches); 2 walleye pike
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(75 end 13,4 inches); and 2 pumpkinsesd sunfish (average length: 3.5
inches).

Although the ratio of migrant sea lampreys to resident geme fish
teken in the nets was high, none of the fish bore any evidence of lamprey
attacks except one 30.6-ineh northern pike, taken on May 29, which had
an old, healed scar, However, on May 2, 1947, & smallmouth bass about
1Ly inches in total length which bore & large, fresh lamprey scar was seen
swimnming in shoal water. Since smallmouth bass migrete into the Ocgusoc
watershed from lLake Huron during this season and since many individuals
of geme species taken in the Carp Creek weir and trap bore lamprey scars,
it is quite possible that this scarred fish may have been attacked at
some earlier date while in lake Huron.

One experimental gill net was set for a Bé-hour pericd in Ocqueoce
leke on April 21, 1948, Seventesn northern pike (average: 19,7 inches,
range: 13%.7-33.9 inches); 2 rainbow trout (13,2 and 17.4 inches); 1
largemouth bass (11.0 inches); and 3 suckers (12.2, 12,2 and 12,9 inches)
were taken, None had lamprey marks,

The data obtained from both netting operations and specimen dissecfions
provide strong evidence that migrant sea lamprsys seldom if ever attack

and feed upon other fishes while in passages

E., Pathology, parasitism and predation.

Pathologz.

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 in so far as any such disease
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would exhibit itself by internal or external inflammations, ulcerous
tissue, other cbvious pathologicel conditions of the viscera, or by
abnormal behavior.

In the samples examined, howsver, there wers a very few individuals
which displayed developmsntal or structural abnormalities such as those
which ordinarily appear in any population of vertebratss, In the Carp
Cresk spawning rum in 1947 (1,599 specimens examined), 3 sea lampreys
(2 males, 17.1 and 18.l inches in total length; 1 femmle, 1.7 inches
vin total length) had deformed caudal fins, A fourth specimen (male, 16.lL
inches in total lenghh) had a deformed secomd dorsal fin, Ome male sea
lamprey was taken which was grotesguely short in body length in relation
to its girth and other bodily development, This presumebly was the result
of some abnormality in the development of the notochord and muselaturs,
The largest sea lamprsy captured in 1947, a female, 22,6 inches in total
length (weight: L36 grams) possessed a severely malformed ovary; the
development of individval ova in this gonad was so retarded that the sex
of the spscimen could only be determined with the aid of a mieroscope,

A similarly melformed and underdeveloped gonad was found in & mele sea
lamprey, 18,0 inches long (weight: 152 grams).

In the Carp Creel spawning run in 1948 (2,938 specimens exsmined),

2 sea lampreys (female, 15,0 inches, and male, 13.0 inches in total length)
wore taken which had deformed caudal fins, A male sea lamprey, 11.0 inches
in total length, was captured whose body length was disproportionately
short in relation to its other structural features, Two specimens were
noted (females, 15.8 and 16.7 inches in tobtal length) 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, The origin of thsse

anomalies is not clear; the position and nature of the perforations and
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the fact that they bore no resemblance to a former wound seems to exclude
the possibility of having been originally inflicted by a spear,

It is concluded from these observations, that the migratory populations
of sea lampreys examined were gquite perfect physieally and displayed no
gross evidence of eny maladjusbtment to their new habitat in the lake Huron
basine

The cordition of the sexuelly immature stocks in the Greet Lakes proper
is not known. Probebly many unfit, metemorphosed individuals descenéd tec the
lakes and such lempreys may fall by the wayside before sexusl maturity through
the processes of natural selection, Presumably only the physically fit
could attein sexual maturity and possess the vitality to complete the
spawning migration,

These observations agree, in gemeral, with those of Gage (1928) for
the dwarf ses lamprey (leke lamprey) on its spewning grounds in inlend
New York waters, Among these he noted orly occasicnal instences of abnormsl

structure or development,

Paresitism,
During the 1948 spawning rums, & rendom ssmple of 100 migrating

ses lampreys was carefully examined for the presence of internal parasites,

This sample was collected between June 2 end 8, 1948, in the Ocquecc River
falls (69 specimens) and in Carp Creek (31 specimens), Fifty-six of the
ses lempreys were males ranging from 12,6 to 18.9 inches in total length
(average: 16.6 inches) and Lly were females ranging from 12,9 to 19.6
inches in total length (everage: 16.l. inches),

Twenty see lampreys (10 males and 10 females) or 20 percent of the
total semple contained one or more individuals of several types of parasitic

organisms within their digestive tracts. The most conmon of these were
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adults of the acanthocephalan Echincrhvnechus coregonié/ﬁhich cccurred

in 17 of the sea lampreys examined (9 males and 8 females), With the
exception of one sea lamprey which contained three adult worms; all
specimens examined had but one of these parasites in the digestive tract,
This parasite has comruonly been reported from.ﬁhitefish end verious other
northern fishes,

Single, immsture specimens of cestodes were fownd in the intestines
of three sca lempreys; two of these tapeworms were identifiable-sthe

third was not., ZIdentified from the secolex only, one was found to be a

lerva of Trianophorus (crassus?)éf The adult of this tapeworm lives only
in the northern pike, Esox lucius, where it matures, lays its eggs during
the pike spawning seascn, and then dies, The egge hatch into e ciliated

coracidium which dies if not swallowed by the copepod, Cyclops bicuspidatus,

within several days. In the copepod, it becomes & procercoid and after

10 deys is ready to infest & corogonine fish; the procercoid is liberated
by digestive juices when swellowed by such a fishe After liberation it
‘burrows through the stomach wall, crcsses the body ecavity, and enters the
flesh of the backe. Here it becomes a plerocercoid and becomes enclosed

in & eyst supplied by the host, The final host, the pike, becomes infected
when eating an infected corogonine fish (Kennedy, 19L8),.

Larval cysts of Trianophorus creassus are found frequently, and

occasicnelly in some abundance, in the flesh of the whitefish and tullibee
(Cameron, 1945; Kennedy, 1SL8). It hes been cbserved, that sea lempreys
are now feeding extensively on whitefish in northern lLake Hurcn, Pre-

sumably, then, this larval tapeworm is traceable to this source. It is

9/ Identified by Ir. He Jo Van Cleave of the University of Illinois,.
¢ Identified by Prof. A. E. Woodhead, Dept. of Zoology, University
of Michigan,
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considered doubtful if the plerccercoid larvee thus acquired by sea
lampreys could ever become mature as the latter constitute an umnatursl
final host.

The other identifisble tapeworm was an inmature specimen of Abothrium
sP¢§/ This pearasite utilizes the crustacean, cyvelops, as an intermediate
host and any of several species of fish as a final host, Procercoid larvae
can develop to maturity without another change in hoste It is kmown +to
infect trout, coregonids and smelt (Plehn, 192);) and Burbot (Ven Cleave
and Mueller, 1G3l; Banghem, 1946). However, since the larvae are normally
found imbedded in the intestinal wall of the above nemed hosts, the manner
in which the sea lamprey carrying this parssite became infeected is some-
whet obscure,

Occasional sea lampreys were taken in 1947 and 1¢L8 which had small
tumor-like swellings in the wall of the intestine., Five such specimens
were teken from Carp Crsek in 1947 (1,599 sea lampreys examined) and 11
similarly afflicted specimens from the same stream in 1948 (2,938 sea
lampreys exemined)s, The majority of these swellings were examined and
proved to be cysts. However, in each case the contents of the cysts
weore in a disintegrated condition and could not be identified. The
circumstances suggest strongly that these cysts were those of nematode
lervee which had died, according to A. E. Woodhead (verbal communication),

Although a large percentage of the total sample of sea lampreys
conteined internal parasites of one form or another, no single specimen
contained enough paresites to constitute & severe or apparently hearmful
infection.

Occasicnel sea lampreys taken in the Carp Creek trap in 1GL8 had

¢;/ Identified by Prof. Ae E, Woodhead, Depte of Zoology, University
of Michigan,
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leeches attachod to theme One of these, identieel with the others

observed, was identified as Piscicola milneri (Verrill, 187b)3Z

Predation,

Since the beginning of the present investigation, occasional obe
servations were made, or reports received, of predation upon migratory
or spawning sea laﬁpreys by fishes, birds end mammals, Perhaps the most
interesfing observations are those of predetion by fishes, On June 27,
1947, & walleyed pike, 17.0 inches in total length, taken on a lure in
Ocqueoc Leke, was fownd to have swallowed a mature, adult, female sea
lamprey 1li.5 inches longe At the time of capture, several inches of the
see lemprey's tail was still protruding from the pike's mouth., In the
stomech, digestion of the vietim had barely begun. Conservaetion Officer
Charles‘vanderstar of Naubinway, Michigan, reported that a lé-inchv(sea)
lempreoy was removed from the stomach of & 7 l/?-pound (northern) pike
teken from Millecoguin lLake, Mackinac County, on June 17, 1948, This
watershed is kmown to suppert e moderstely large sea lamprey spawning
run, WMr. B. Le Foresmen of Alger, Michigan, reported finding & l3«inch
ses lamprey in the stomach of a li 3/l~pound brown trout, This trout was
taken in the Rifle River, Ogemew County, dwring the month of Mey, 1948,
Like the Millecoquin, the Rifle River hes a sizable sea lamprey runs

These records would indiecate that meture sea lampreys, regardless
of their size or habits, are not immune to attack by large, predatory
game fishes, Meny more are undoubtedly destroyed by such fishes than

ever come to the attention of interested observers,

Z/ Identified by Dre Marvin Clinton Meyer of the University
of Maine,
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The sea lemprey appears most vulnerable to attack by birds and
memmals while on its spawning beds. On June 22, 1947, the partially
devoured cercasses of several sea lampreys were found on the benk adjacent
to avcrowded spawning riffle in the Little Ocqueoc River, Presque Isle
County, Tracks of a raccoon at the carcasses and lamprey testh found in
nearby raccoon scats identified the predator. Less conclusive evidence
found severel days later on the Cecqueoc River indicated that a mink may
have captured a partially devoured sea lamprey that was found. I have also
noted several domestic dogs which enjoyed capburing spawning ses lampreys
and dragging them out on the bank; they were seldom eaten by the dogs
in the presence of the observer,

During late Jume, 1948, a great blue heron was observed cn several
occasions fishing in one of the scattered spawning riffles in the Ocquece
River (Te 36 Ne, Re 3 E., Secte 33), Although this bird could not be
approached closely at any time, it was observed on one occasion in the
act of capturing and swallowing a spawning ses lamprey,

The peak of spawning activity in the Ocqueoc River in both 19.7
and 1948 was accompanied by daily concentrations Qf gulls (presumably
herring, ring-billed, and Bonaparte's gulls) which flew into the most
heavily used speswning areas sach morning.. They were observed picking
up both spawning, and spent and dead sea lampreys, Their sctivities
may account, in part, for the seeming scarcity in some spawning areas,
of dying and dead lampreys that had completed their spawning activities,

Migratory sea lampreys, even in areas of deep water, are preyed
upon by the gulls, Several employees of the Meristique Pulp and Paper
Cos and Mr, Howard Loeb of the Fish Division reported observing (in
1947) sea gulls capturing migratory sea lampreys as they rose to the

surfece in "boils™ below the tailrace of the paper mill on the Manistique
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River, This rhenomenon is so common during the peak of migration in
thet river and the actions of the gulls so comicel as they attempt to
swallow llj« to 18-inch lampreys that it provides ccnsistent amusement
for mill employees during this period.
0f all avian and terrestrial predators, the gulls apparently con=
stitute the only significant netural enemy of the sea lamprey during
migration and spawning in Michigan streams, However, the total effect
of their predatory activities upon the migrant and spawning populations
heas not kent them from becoming more abundent and increasing their range.
The basic source of references in the literature to natural enemies
of adult sea lempreys is the observations of Surface (1899) on this
lemprey in Cayuge Lake, New York. Surfacé presented records of predation
upon adults by: (Memmals) racccons, muskrets, rets, mink, weasels, foxes;
(Birds) hawks, owls, herons, bitterns; end (Reptiles) the water snake,
He reported also having seen a bowfin (égig’ggizg) eat an adult sea
lamprey in an aquaeriums,
All of fhese animals or closely related ccunterparts are present
in owr Michigen watersheds and each, on occasion, undoubtedly takes a

small and inconsequential toll,

V. Spawning habits and spawning requirements of the sea lamprey.

The date upon which the following discussions are based were
collected exclusively in the Oegueoce River watershed bétween April 29
and July 3, 1947, and April 11 and August 10, 1948, when the spawning
run of sea lampreys in each year was observeds In 1947, the beginning,

peak and ccnclusion of spawning activity was observed, and a2 survey
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of the physical characteristics and intensity of spawning in each area
of the river was made; spawning behavior, sites, and nest comstruetion
were likewise studied,
In 19L8, the onset, peak and cessaticn of spewning were observed
in detail in selected areas of the river. Regular visits were made to
these sites so that all degrees of spawning activity could be noted and
compared with related environmental conditions, Further observetions
on the spewning 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 effeet of these factors upon
the spawning and cther activities of the sca lamprey cculd be determined,
Such data for 1947 are presented in Tables 1 (weather) and 7 (temperatures

and water level) and for 1948 in Table 13,

Physical charactsristics of the Ocqueoc River watershed,

The geographic location and a generalized description of the
Ocqueoc River are presentad in a preceding sections Briefly, it
drains in a northerly direction to QOcqueoc Lake and thence easterly
into Hammond Bay of Leke Huron (Fig. 16), It reportedly embraces 89
miles of watercourse (determined on large scale maps with a mep-
measurer)@{ A sizable portion of this area is occupied by intermittent
tributariss, many of which flow only during a short pericd in the spring,
From the standpoint of physical characteristics, the river is divided,
rather sharply, into thres zones (Fig. 16), eaéh representing about

ona-third of the watershed, These zones form the basis of subsaquent

\8/1\F£.in streams 13 miles [?]; tributary streams: 76 miles [?];
estimated drainage area: 160 sg. miles, [from/ Brown, C. J, D., 194k,
Michigan streams-wtheir lengths, distribution and drainage areas,

Michs Dept, Cons., Inste, Fish, Res., Misce Puble Yo, 1, July, 194l
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Pigure 16. Map of the Qcgueoc River watershed showing zones and suvrvey
stations deseribed in this study and the spawning areas of the sea lampreoy
in the watersheds
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discussions relating to the spawning behavicr of the sesa lamprey. A4
description of each zons, beginning at the headwaters.of the river and
working dowmstream to the estuary follows,

Zone 3.--(Stations 3A-3I, Fig. 16) The river rises in Marl Bed Lake
(Te 33 Ne, Re L4 Bs, Sect, 28) and from & chain of lakes and marshes in
Te 33 and 3L N., Be L2 E, which are scattered over 25 squars miles of &an
irregular sandy drift avea (Leverett, 1912)., Both main chennel and
tributeries, except where lakes interrupt the course, flow almost colie
tiﬁuously through wide, open marshes, bog meadows, or ceder swampse, In
this, the upper third of the river where the main channel travels ape
proximately 8,5 miles, the width of the stream varies from L (Staticn 31I)
to 30 feet (Station 3H) end the depth, from 12 to 36 inchess The bottom
type was predominantly muck or silt; the velceity of flow was seldom
more than sluggish and occasicnally in the main channel it wes barely
discernatle (Station'3H)g All tributeries examined were of essentially
the same nature (Table 11), No channel velocity measurements were made,

The character cf the river and its watershed alters rather abruptly
in the neighborhood of an old, cement dam (heed: 18 inches) loceted
just upstreem from the crossing of County Highwey 638, This point de
limits Zone 3 from its suceessor, Zone 2.

Zone 24-=-(Stations 24-2I, Fig, 16) Zone 2, the midportion cf-the
watershed, extends from the aforementioned cement dam (Station 2I)
downstream tc the Cequeoc Fells through boulderecley plains (Leverett,
1912), Between these points, the main channel runs about 7.7 miles,

At 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




Table 11.
as determined at the stations indicated,

Summary of the physical characteristics of the Ocqueoe River, Fresque Isle County,
(Data collected between June 21 and July 3, 1947;
condition of streem: Approximately meen water level for the season.)

Hean
Average Average channel General Bottom type
. width depth veloocit character (dominant type Cover; character
Zone Station (in feet) (in inches) (fepese. of flow listed first) of watershed
1 1-4 (Estuary) ses Sluggish Send .o
1-B 20,0 1.9 Moderate Clay, gravel, clamshells Wooded
(Ocqueoc Lake)
1.C (Channel braided; partly underground) Sand Wooded v
1-D 3k 22,0 2.3 Slow-Moderate Sand and olay Light second growthg
1.8 28 29,0 2.8 Slow-Moderate Sand; some gravel bars Pasture pasture
1.F 50 17.5 coe Slow<Moderate Sand; many snags Heavily wooded
1-G L5 21,0 ves Slow-Moderate Sand; many snags Wooded; some pasture
1.H Lo 19,5 eoe Slow-Yoderate Sand and silt Wooded; meture hardwood
1.1 38 - 21,0 2.4 Slow-Moderate Sand and clay Wooded
1.J 37 2i1.5 2,6 Moderate Send Wooded '
1-K 38 18,0 2.6 Moderate Sand Wooded 3
l-L 27 20.0 3.5 Moderate-Rapid Send; some gravel Lightly wooded '
1M 22 15,0 2.5 Moderate Gravel and sand " "
2 2-A 25 11,5 2.8 Moderate Gravel and rubble Wooded
2-B see oes oen Moderate Rubble and gravel "
2-C oee oes eee Moderate Rubble, rock, gravel "
2D Lo 75 3.0 Moderate Gravel, rubble Wooded; some pasture
2-E 0ee evs eee Moderate " " Wooded; pasture
2=F 23 10,0 2.5 Moderate Seand, occasional rubble Pasture, marsh
2«G 18 8.0 een Slow-Moderate Sand; gravel; rubble Suburban ares
2-H 30 5.0 ese Slow=Moderate Gravel; small rubble Partly wooded
2.1 50 12,0 3.1 Slow-loderate n " " Heavily wooded
3 b L L.0 ove Sluggish Sand and silt Serub brush
3B (Intermittentenct flowing)
3aC 12 24,0 cen. Sluggish Muck Marsh
3<D 30 - 145 1.0 = 4.0 0o Sluggish Muek, silt Marsh
3-E 28 30.0 osa Sluggish Muck, silt Marsh
3F 20 24,0 ses Sluggish Muck, silt Marsh
3.6 2 6.0 con Sluggish Muck Swamg
F=E 25 18,0 ) Sluggish Muck Swam] B
31 L 12,0 0rs Sluggish Muclk Swamp
3.J 3 840 PR Sluggish Muock Sweamp

‘1/ Surface velocity X factor of 1l.33.
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then elsewhere in the river and the mesn channel velocity was generally
moderate, varying from 2,5 to 3,1 feet per second. Bottom types inm th
lower half of this zone (Stations 2A«2E) are composed predominantly of
a.mixture of boulders, rubble, and ccarse grevel distributed more or

less uniformly in both riffles and shallow poolse Limestone outeroppings
nesr Station 2C produce several low falls {12 to 2 inches)e Shallow
riffle areas 25 to 100 yards long in which the current is quite rapid

are common in this area, lNost of the remeinder of the zone is charsacterized
by small rubble and gravel sexcept for the area just west of Millersburg,
Here, from an oléd dam located one-half mile below Stetion 2F, upstream
for 1,2 miles, the stresm is slow or sluggish and the botton is sendy or
silteds The watershed is wooded, or, in the neighborhood of Millersburg,
fermland and pasture (Table 11),

One small, permensnt tributery (a spring feeder), Indian Creek,
enters the river from the southeast near Staticn 2A, This creek has a
uniférmly sandy bottom,

Zome le--(Stations lA-1M, Fig. 16) At the foot of the previously
described zone, the river drops over the broken spillwey of an old mill
dam, 3 feet high, and over two limestone cuterops, 6.0 and 4.5 feet high,
Therlatter are called the Ocqueoc Fallses Below thess falls, the charescter
of the river changes again as it flows for 8.8 miles to its mouth thkrough
clay and sandy lake bed formations. At thirteen survey steticns in this
zone, the river ranged from 28 to 50 feet in width and from 15 tc 29
inches in depthe It meanders broadly in this zone and deasp pools
alternate regularly with short riffle areas. Pool depths varied from
2ly inches to 9.5 feet. The gradient is somewhat less steep here than
in Zone 2 and the mesn channel velccity varied from slow to moderate

renging from 2,0 to 3,5 feet per second with current velceities in pools




wlls

being considerasbly less than 2.0 feet per seconde Bettom types were
predominantly send or send and gravel, the ratic between the two warying

in different areas within the zone (see Table 1l1), Gravel riffles were
characteristie of the first mile of stream bed belecw Ocquecc Falls;
thereafter, this bottom type became increasingly infrequent being supplanted
almost entirely for long distances by sand or send and clay (Stations

1F=1J and 1C-1D), Outeroppings of clay frequently formed the bed of the
stream in the latter areas, Desper pools had silt or sand bottoms while
most shallow pools had bottoms of sand, rubble, and gravel except in
predominantly sendy aress,

Snags and waterlogged cut timber are abundant in all parts of the
river in the lower twoethirds of this zcne (Stations 1A«ld), 0ld saw=
logs lie like jackstraws in meny of the deeper poolse Between Stations
1E and 1K, there are about a dozen stream improvement devices in varicus
stages of decay which still produce riffle arease

The watershed in Zone 1 is a rather densely wooded bottomland with
high, steep banks in the upper half of the region end lower, though ne
less open banks, in the lower half,

The river is interrupted in its third mile upstream from the estuary
by Cequeoe lLake which is 132 acres in extent, This lake is narrow and
about one mile longe-the river enters at one extremity and flows ocut at
the other,

Three permanent tributaries (other then spring feeders) enter the
river in this zone: The Little Ocqueoe River, Silver Creek, and Orchard
Lake Outlet,

Physical and chemical properties common to all zones at the time

of the nesting survey in 19L7 follows, The river was approximately
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et its meen 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 wes clear., Differences fcund in the chemical quality of the
water were small among the several stations in Zones 1 and 2 (Table 12),
Dissolved oxygen varied from T7el tc 8.5 pepems; no free carbon dicxide
was presente The water was hard; phenolphthalein alkalinity ranged from
1.0 to Lo5 and methyl orange alkslinity, from 106 to 134 (pe.pems expressed
as CaCOB). The only pollution known tc enter the river is derived from
scattered cattle watering points, street drainage from the Village of
Millersburg (Stations 2F-2G) and septic tank overflow from the Ocqueos
Lake Group Cemp (Station 1B),

Water and air temperature and water level records, cbtained at
Station 1B for the entire pericd of investigation in 1947 are presented
in Table 7.A Simultaneous readings of water temperatures by two cobservers
at different stations indicated that an irregular temperature gredient
existed in the river, The headwaters (and Zone 3) were warmer then
elsewhere in the watershed, For Station 2I, the water temperature
averaged 3,0° F, warmer than Stetion 1B, In Zcne 1, above Ocqueoc lake,
the weter was the cooclest, At Stations 24.2B, the temperaturse averaged
2,0° T, colder than at Station 1B. This cooling of the water ir the
upper portion of Zone 1 is due to the presence of numercus spring feeders
in thet aree and the spring fed tributaries, the Little Ocquece River
and Silver Creck,.

Warming of the water at Station 1B, below Ocqueocc Lake, is probably

the result of its passage through that body of watere



Table 12, Summery of water analyses made in the Oecqueoce River, Presque Isle County, in 1947,
(Depth of weter samples: 3 to 6 inches below surface; water color for all stations: 1light
brown; no turbidity.) -
Temperature
Date (Degrees F.) Oxygen Carbon
Zone Station 1947 Time Air Ve ter Sky Wind (pepem.) dioxide ph-th  M.0.
1 1-B 6/27 535 PN 73 73 Partly overcest SW-light 7.8 0.0 3,0 134
1 1-E 7/2 1:00 FL 71 66 Clear NE-light 8.0 0.0 Le0 127
1 1-M 6/28 5300 PN Th 81 Clear SWalight 7.1 0.0 L.5 110
2 2.D 6/3%0 2:00 FPM 75 78 Clear SW-very light 762 0.0 2,0 115
2 2.G 6/30 3300 PM 78 82 Clear SWevery light 8.5 0.0 2,5 107
[}

2 2.1 6/30 LsOO PM 79 77 Clear SWevery light 7.y 0.0 1,0 106 &%
1 Sl 7/2 3300 PM 67 62 Cleer NE-light 545 040 1.0 118

(Little Ocqueoe River)




-BLP

Duretion of the spawning seascn.

The spawning of the sea lamprey, like thet of meny fishes, is
strongly influenced by water temperature. In the Cequeoe River, spawning
activity commenced at mean daily weter temperatures of 52.,5° Fe to 53.0°
Fo 2t & time when daily fluctvations remained above 50° F, The pseak of
spewning activity occurred when mean daily temperatures rose above 58,0°
F. to 60.0° F, and when, at the same time, daily fluctuations seldom
dropped below 60° F, Spawning occurred among late migrents et mean deily
temperatures as high as 75.5° F, with daily fluctuations to 78° F. Rapid
drovs in water temperaturs, up to eand during the peek of spawning activity,
cevsed very noticeable declines in both nest building and spawming, Follow=
ing the pesk, fluctuations above the 60=degree level hed no perceptible
effects upon spewning activity,

Fluctuations in water level and volume of flow and the presence of
some turbidity with rising waters had no evident influence upon ses
lamprey spewning except in so far as they were related to changes in
water tempersture,

The weather in successive years varies so greatly, with consequent
effects upon stream conditions, that the assigrment of the spawning
seascn to ealendar periods is an urreliable procedure., In gemeral, however,
sea lamprey spewning in the Ocqueoc River mey begin as early as the last
week in Mey and continue until the lest week in July. The peak of
spawning activity evidently occurs sometime during the first three weeks
in June and ususlly lasts about two weeks,

In 1947, the first sea lamprey nest was constructed on the night
of June 3al; about one-half of & mile below Ocqueoe Falls (Station 1L-lM;

8.8 miles above mouth)e The mean water temperature during this period
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was 53.0° Fo (renge:s 50°«55° F,), Forty-eight hours later, when the

mean daily water tempersture had risen to 56,0° F., 28 nests had been
built in an area 750 feect long which included the first nests The pesk

of spawning activity in the O,5-mile stretch immediately belecw the Ocqusoce
Falls (Stations 1L-1M) occurred between June 16 and 23 when the mean daily
water temperatures ranged between 58,0° F, and 67,0° F, and the daily
fluctuations seldom fell below 60° F. Sustained drops below the 60«degree
level brought corresponding declines in nest building and spewning 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 in Zone 1,
below the falls, by about five days. On June 25, neither spawning nor
spent sea lampreys could be found in this area,

On June 25, spawning activity was first noticed below Ocqueoc Lake
(Stations 14-1B). It continued sporadically thére until July 19 when
the last spawning peir was observed (mean daily water temperatures, June
25«July 19: 66° F, to 73+0° Fa)s

In l9h8, all areas of the river were watched closely for the bee
ginning of spawning and after that was observed, spawning activity was
followed closely in six sample arsas distributed throughout Zones 1 And 2e

The spring of 1948 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° F,

(renges 51°-55° F,)e On May 2L, in a 750«foot reach below Ocqueoce

Falls, 1l nests had been started and in two of these nests spawning had
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been completedes On Moy 26, construction had been started on, or

spawning had been completed in, 85 nests in this area, The mean water
temperature on this date had risen to 55.0° F, (renge: 52°.58° F.),

Further temperature rise was accompanied by two waves of spawning activity
in the 0,5emile portion from Stations 1L to 1¥; 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° F, and 66.,5° F, and when daily fluctuations
seldem dropped below 60° F. The decline in nest building and spawning
activity between June 6 and 9 accompanied & recession in water temperatures
from the initially high temperatures of the pericd, June 1 to 5, The

last spawning activity observed in this area was on July 5 when eight
spewning or spent sea lampreys were observed between Stations 1L and 1M,

The mean daily water temperature on this date was 70,0° F,

Spawning activity, which commenced just below Ocqusoc Falls, was
restricted until June 1 to & O.5-mile area (Stations 1Le1M) immediately
below the falls, On that date nest construction began at Stations 1E and
1K in lower resches of the zone, Peak activity at these stations fellowed
that in the area immediately below the falls by an appropriate period.

On June 5, spawning activity commnenced mere or less uniformly throughe
out Zone 2, above the Ocqueoc Falls (Stations 24, B, H and I), At this
time, mean daily water tamperatures were 66,0° F, or nigher, The peak of
spawning activity occurred between June 8 and 15 and had ceased entirely
in Zons 2 by June 22,

Again, as in 1947, belated spawning ectivity took place below Ocqueoc
Lake (Stations 1A-1B), The first spawning pair were cbserved here (Station

1B) on June 16; thersafter, spawning continued erratically until July 28




when two pairs, the last seen in this season, were observed spawning. Mean
daily water temperatures during this period varied from 63%,0° F. to 75.0° F,

A graphic comparison of the duwration and intemsity of sea lemprey
spawning in 1948 below Ocqueoc Leke (Station 1B), below the Ocguece Falls
(Stations 11L-1M), and at the head of Zone 2 (Station 2I) is presented in
Figure 17, Mean daily water temperatures have besn plotted in this figure
to show their variation in raiation to the onset and initial inereass in

the intensity of spawning activity.

Pattern and extent of spawning activity and its relation to

certain stream characteristicse

In 1947, 5,66l completed sea lamprey nests were counted in the
Ocqueoc River, Of these, 2,768 or 18,9 percent were found betwesn
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 Ocqueoc River, tri-
butaries of the main stream in this zone, In Zone 2, above the Ocqueoce
Falls, 2,763 or Li8.8 percent of the total wsre present, Ne spawning
activity ccocurred in Zone 3 (Table 14)s It is estimated from these
figures, with dus consideration for the spawning habits of the species,
that between 10,000 and 11,000 seza lampreys spawned in the Ocgusoc
River in 19.,7.

On the basis of & comparison of sample areas, it is concluded
that the distribution of spawning activity in 1948 was essentially the
same although there is some evidence that the run was larger in the

latter year than in 1947. A comparison of sample stations followss
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Figure 17, Numbers of nests and sea lempreys on the spawning grounds
at certain stations on various dates during the 19/48 spawning seasons
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Table 13,

Daily minimum, maximum and mean water temperatures, air temperatures, wat?r gauge

readings and weather records for the Qecqueoc River: April lleAngust 20, 194887

TWater temperature

Date (Degreses F.) Air temperature Water gaug
1948 Time Minimum  Mean  Maximum At visit (Degrees F.) (in inches Weather Wind
April 11 3:30 FPM Lo Lo.0 Lo Lo L6 3645 Light overcast c
12 6330 PM 39 L10.0 I Lo nn 3745 High cirrus c
13 6100 PM 39, 395 Lo Lo Ll 3l1.60 " " c
U, 8:00 PM Lo L1.5 L3 L3 Ll 20,0 Clear E
15 8100 FM L3 L5.5 L8 L8 53 28.0 Overcast S
16 5:15 PM L3 L5.0 L7 Liy L3 27.5 Clear NW
17 3330 PM Ll Lb.0 L8 L7 L8 265 " c
18 5:C0 PM Ll L6.0 L8 Liy L7 26,0 Rain c
19 5120 PM Ll L5.0 Lé Ll L2 3045 Light overcast c
20 "o s LN Y X R ] e o L UK [N ) [N ] L 3 L N
21 12: Noon Ll L5.0 Lé L5 L6 30,0 Clear c
22 1130 PM L5 L6,0 L7 L6 56 28.0 " S
23 1:30 PM L6 48.0 50 50 63 26,0 Overcast, warm S &
2L, 3130 PM L9 50.0 51 50 55 26,0 Overcast s ¥
25 1100 PM L8 Lo.5 51 51 65 26,0 Light overcast, warm NE
26 12: Noon 50 52,5 55 5k 52 25,0 Overcast NE
27 10s45 AM 53 5Le5 56 56 L9 28.5 " N
28 12:15 PM 5L 5545 57 55 5L 33,5 Clear SE
29 12:%5 PM 53 545 56 56 51 5245 " ENE
30 11:5 AM 5L 555 57 55 59 29.5 " W
May 1 12:30 FM 52 5540 58 56 55 27.0 " E
2 10:00 AM 5L 5640 58 56 L8 2545 " ENE
3 11355 AM 5L 5640 58 56 L8 2.0 n NE
L 11330 AM 55 56.0 57 56 56 23240 Overceast E
5 11315 AM . 5L 5545 57 55 60 21,5 Clsar joA
6 12:15 PM 5k 5640 58 56 N 21.5 Rain W
7 123 Noon 52 SL1e5 57 53 38 23,5 Cloudy, cold W
8 9:45 AM 50 5240 Sk 50 37 2345 Clear N
9 10:15 AM L9 51.5 52 50 Lo 22.5 “Cloudy N
10 10sh5 AM L8 5040 52 50 L3 21,5 Clear B
11 10:50 AM Lo 5045 52 50 Lo 21,0 Overcast NE
12 10155 A4 L8 50,0 52 50 52 20.5 Clear NE
13 11:30 aM L9 51.0 53 51 57 2040 Clear B
Uy 12120 PM 50 52-5 55 53 68 139.0 " NE
15 11:40 AM 51 5L.0 57 21 . e n 8
16 11300 AM 53 5540 57 55 LS 20.5
17 11:L0 AM 53 550 57 55 ég E(l\g Clgar ?mw




11 10:50 AM L9 5045 52 50 | Lo

12 10155 AM L8 50,0 52 0 21,0 Overcast VE
13 11:30 a4 L9 51.0 53 gl ?? 20.5 Clear NE
1y 12:20 B 50 52,5 55 53 28 oo Cloar B
15 1140 AM 51 5Le0 57 91 oy ST NE
16 11100 AM 53 550 57 55 Lo 20.5 n B
17 11:40 AM 53 5540 57 55 68 21,0 Clear NNW
18 12:15 PM 52 5L.5 57 56 53 2045 " NNE
19 11:30 AM 5L 56.0 58 57 61 19.5 Slight overcast B
20 09155 AM 55 575 60 59 69 18.5 Cloudy, rain squalls WNW
21 11:40 AM 56 59.0 62 56 52 18,0 Clear NW
22 11:10 AM 53 5540 57 56 55 17.0 Cloudy W
23 10305 AM 5L 5640 58 56 50 16,5 Clear N
2L, 10:45 A 53 5540 57 56 56 16,5 Overcast W
25 11:00 AM %53 5640 59 59 63 16.0 Clear W
% 10:10 AM \Sh 57.0 60 59 70 15.25 Clear SW
27 10:00 AM 58 6040 62 61 72 15,0 Clear NW
28 11:00 AM 61 62.5 6l 32 55 1.0 Rain (AM) MW
29 10120 AM 58 60.0 62 62 57 1.0 Clear NE
30 11:10 AM 57 60,0 63 63 65 13,5 Clear o
31 09:L45 AM 59 61.5 6l 63 66 1340 Clear NW
1 10135 AM 60 62.5 65 66 7L 13.0 Clear WV
2 105 AM 62 6l1.0 66 67 78 12,5 Clear, haze SW
3 11:00 AM 6l 675 71 71 75 12.5 Clear NE
L 12:L45 PM 66 68.5 71 69 65 12,5 Rain NE
5 11:05 AM 61 65,0 69 65 56 13,0 Clear SE
6 10345 AM 63 65.0 67 67 66 13,0 " B
7 11330 AM N 65.5 67 67 70 12.5 Overcast NE
8 11:35 AM 63 65.0 67 6l 63 11,5 Hazs, smoke NE
9 11:00 AM 62 6345 65 62 70 12.75 " " NE
10 11:20 AM 63 6540 67 66 68 12,5 Overcast sw
11 11:30 AM 63 65.0 67 65 63 12,5 Clear NE
12 11:15 AM 63 6545 68 é6 6L, 12,0 Cloudy W
13 09:30 AM 63 6640 69 66 62 12,0 Clear W
1, 11:15 AM 64 66.5 69 67 7L 11.75 " . SW
15 11:45 AM 63 6645 70 65 63 11.5 " NE
16 11:40 AM 62 65,0 68 6l 65 11,5 " s
17 10355 AM 62 65,0 68 65 66 11,25 n NNE
18 10:55 AM 62 6L.5 67 65 57 11,25 Overcast, rain W
19 11:30 AM 62 6345 65 6L, 59 11.75 Overcast NE
20 11:00 AM 62 61,0 66 65 69 12,0 Clear , SW
21 10340 AM 6L 6640 68 66 67 11.75 Overcast . SE
22 09345 AM 6L, 65.5 67 66 63 11.75 Rain NE
23 12:35 PM 62 65.0 68 68 79 14,0 Clsar SW
2l, 10:30 AM 67 69.0 71 69 73 15.25 " SW
25 11:00 AM 66 68.5 71 67 62 14,0 Overcast ki
26 10:20 AM 65 68.5 72 67 68 13,25 n SE
27 O0l:15 PM &2 65.5 69 68 72 12,75 Light overcast NE
AQ  1A.An AN AA AR5 71 68 60 12.5 Oversast E
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01:15 PM 62 6545 69
10:00 AM 66 68.5 71
10:50 AM 66 68,0 70
09:40 AM 68 70.0 72
02:15 FM 65 6845 72
11:20 AM 67 69,0 ol
12: Noon 67 6845 70
10:50 AM 66 70.0 7h
10:15 &AM 69 72,0 75
10:30 AM 70 The5 79
10130 AM 68 70.0 72
10330 AM 69 71.5 T4
09155 AM <71 7345 76
10:h5 AM 72 740 76
11:15 AM 73 755 78
01:00 PM 73 7545 78
01:15 PM 72 The5 77
Olysho PM 70 T35 7
05:45 PM 61 6845 76
10:15 AM 71 7345 76
11:45 AM 71 7ha0 77
01:00 PM 69 72,0 75
11:00 AM 70 73.0 76
12:35 PM 69 72.5 76
11:00 AM 69 71.0 73
10:30 AM 67 69.5 72
05:45 PM 65 68.0 71
10115 Amé——7§§"”””?§;E;~’~’1 71
09:45 AM 68 7045 73
09:25 AM 69 71.5 Th
10:00 AM 70 72.5 75
10:30 AM 71 7%.0 75
ér—’ﬂa—’—”’—”/”,,,All readings

11125 AM “ 70 7340 76
01:00 PM 69 71.0 73
02:20 PM 69 71.0 73
07:20 PM 68 7045 73
10:50 AM 68 70.0 72
09:00 AM

11:00 AM

03130 PM W 72

-~ - —-

11 readings

68 | 72
68 60
70 . ' 70
70 b6
69 66
68 73
68 78
73 83
75 80
71 69
70 71
72 75
T2 78
75 85
75 82
76 83
75 81
i 79
75 77
75 68
72 75
7k 72
Th 53-76
76 59=79
72 52«26
72 62473
69 56-71
70 5376
for 48-hour period.
71 51-77
71 6183
71 5L~78
72 57=82
73 70-83
for L8-hour period.
72 55«77
71 27=73
71 55-77
72 5l=72
70 768

é__éﬁr____________———ﬁll readings for Li8-hour period,
4——68‘”’””‘—~aﬂ"“—A11 readings for LBahour period,
70.0 72 70 L 7<76

1 readings for LiB=hour pericd,

72 52+30

12.75

12.5
14,0

14.75

U5
111,25
1425
14,0
1345
13.25
13,0
12,75
12,25
12,0
11.75
11.5
11.25
11,0
10.5
10,5
10.5
10.75
10.5
1005
10.25
10.0
10.75
10.5

11.25
11.0
10.75
10.5
11.0

10.5
10.25
10,0
10,0
10,0

975
9475

11,0

Light overcast
Overcast

Clear
Ovarcast

Clsar
Overcast
Claar

L

n

Overcast

Clear
n

Overcast
Clear
Clsear

Rain
i
n

Clear

Clear
Overcast
Claar

n

Clear

I - -

2992E HHHFQFEEI ENLaEEL4E

= Eimig =




' é}~*66’ff4~¢,,,——~—"A11 readings
10:15 AM 6845 71

09:45 AM 68 70.5 73
09:25 AM 69 715 Th
10:00 AM 70 72.5 75
10:30 AM 71 73.0 75
E’—/'/”—,/’——/”,,Akll readings
11125 AM & 70 7340 76
01:00 PM 69 71.0 73
02:20 PM 6g\ 71.0 73
07:20 PM 68 70.5 73
10:50 AM 68 70.0 72
11 readings
09:00 AM 70.0 72
11 resadings
11100 AM &—68 70,0 72
411 readings
0%:30 PM 6T 69.5 72
11:CO0 AM 58 70.0 72
11:45 AM 66 68.0 70
11:35 AM é6 67.0 68
12:35 PM 66 68.0 70
10:00 AM 69 70.0 71
10:15 AM 69 71.0 73
10:00 AM 69 70.5 72
09:30 AM 68 70,0 72
09:L0 AM 68 70,0 72

for UB-hour period.

71 51-77
T1 61-83
71 5L-78
72 57«82
73 70=83
for L8-hour period.

72 55«77
71 57«72
7 55=T7
72 5le72
70 L7-£8
for LBS-hour period,

70 L7-7h
for li;Behour periods

70 L7176
Tor 8wnour period,

72 52-R0
09 0l-31
67 59=70
68 50-72
€9 5L=78
71 5ha77
71 5082
71 61a7L
70 52«75
71 56=78

11.25
11,0
10.75
10.5
11,0

10,5
10.25
10,0
10,0
10,0

9e75
9675

12,0

11.5
11,0
10,5
10,25
10.0
10,25
10.5
10.5
10.5

Clear
Qvercast

Cloaar
n

Clear

32 3 3

Rain
Clear

Rain
Overcast

Clear
bt4

1
n

Qvercast
Clear
n

SSW
NV

L Readings taken at Station 1-B, 100 feet below the ocutlet of Ocqueoc lake,
3/'Depth in midstream directly opposite water gauge is approximately 2, inches greater than gauge rsadings.

-




Table lj, Extent of sea lamprey spawning activity in the OCoqueoc River weter shed
in 1947 by zones and areas as determined by counts made of completed nests present
after the peak of spawning activity.

Total nests

Approximate for aresa, Percentage
Ares distance Humber areas, of total
Zone (that between stations listed) (in miles) of nests or zone nests
1 1A-1B 2.0 67
Ocquaoc lake 1,0 xx [ XX] [ XX)
1 1C«1D 1,0 , 81
1D=1E 0.8 131
1E-1F 0.7 78
1F-1G 03 0
16-1H 05 9
1H.1X 0.7 6]
1I-1J O.l 3
1J-1K 0.6 122 '
1K-1L 063 114 *{—3
11-1M 0.5 2,163
Ocquecs Falls . ees ses
(1a-11) (8.8) o 2,768 48,9
1. Little Ocquece River
(Tributaries) 1L=5A 1.0 12l
"Underground" voe oee
5A=5D 37 0
Silver Creek
Ocqueoc River-LA 1.7 )
LA-LB 2.2 0
1iBLliC l.h 9
. )-I-c")-iE 2-5 0
(TributarieS) (1205) [ Xxs 133 2.5
2 Oequeoc Falls-2A 0.3 0
2A-2B 0.3 oh
2B=-2C 1.0 729
2C=2D 0.8 683
2D=2E 008 LI.Ol
2E-2F 1.2 3L0
2F=2G 0.5 60
2G-2H 0.5 0
2H2I 2.2 388
2I-Dam 0.1 68
(Ocqueoe Falls-2I; Dam) (77) cee 2,763 48.8
3 3A=31 (No spewning activity)
Totels - 5,66l 10040




NUVUBER OF CONMPLETED n=ows

STATION
1947 10L8
(Below Ocquecc Falls) : cee ceo
Station 1B (1,500 feet) 6y 1687
Station 1E (200 feet) 208/ oN
Stations 1Ll (0.5 mile) ' 2,163 1,182+
(Abovs Ocquecc Falls) ces ces
Station 2B (700 feet) 5%/ sel”
Station 2H (1,200 feet) 1730 o5y
Stetion 21 (LOO feet) =4 638”

¥ Spewning activity in aree completed,

& Count on July 3, 1947..

¥ Count on June 20, 1Su7.

Count on June 28, 1947

Spawning populations in Zonme 2 (above Ocqueoe Falls) were slightly
reduced from those present in 1947, I attribute this to lower water
levels in 1948 which rendered the Ocgueoec Falls impassable to the sea
lampreys at en earlier deate, However, an increase, disproportionate
to the decline noted above, was observed in spéwning activity below the
falls, Nesting sites below the falls became so overcrowded that after
Jure 8, when 1,l:8% nests were counted between Stetions 1L and 1M, further
counts of the nests in this asrea could nc longer bs made accurately,
Other aress in the zcone displayed an apprecisble increase in spawning
activity over the 1947 seasor,

In the various areas in Zone 1 (the estuary to Ocquecc Falls),
the smount of sea lemprey spawning activity in & given area was directly

proportionsl to the amount of gravel, in riffle areas or otherwise, that




wee presents, As will be subsequently demonstrated, gravel or gravel and
small rubble are essential for sea lsmprey nest construction and without
these particular elements (or some suitable substitute), nest ccmstruction
and spawning do not take place, Between Staticns 1L and 1M, immedistely
below the falls, the stream is characterized by short graveled rifflss
alterneting with deep vools, Bottom types in general are gravels of
assorted sizes except the deeper pools whish are silted or sandy. The
heaviest spawning concentration in the zone (end in the river, for that
metter) occurred in this O.5-mile aree, Actually, 78.1 percent of the
spevming activity in Zone 1 occurred here. (See Tebles 11 anc 1l and
Fig. 16),

Downstream from this area gravel bottom types disappear rapidly,
giving way to sand, and sea lamprey spawning activity decreased accordingly.
Between Stetions 1F to 1J (1.9 miles) the bottom type was almost ex-
clusively sand and the 12 sea lamprey nesté found there in 197 were
limited to about eight small patches of gravel primarily located at, or
near, old stream imprcvement devices. ‘A recurrence of scattersd gravel
riffles and isclated gravel bars in the lower reaches of the zone sbove
Ocgnecc Leke (Statioms 1C-1E) was accompanied by a ccmplete utilization
of these areas by spawning ses lampreys,

Seventy percent of the spawning bslow Ocqueoe Lske (Stations 14-1B)
teook place in & 900=foot aree immediately below the outlet of the lake,
This area is characterized by riffles with bettom types of grevel, clam
shells and sand, The balance of the spawning between this ares and the
estuary took place where infrequent patches of gravel cccurred on the
genersally sandy bottom, |

Spewning in the tributary, Silver Creek, was limited to small

patches of gravel at, and between, Stations LB and LC. These graveled




spots were located at highway crossings and were the result of "washing"
from the highway grede; other then these instances, the crsek has a
sendy bottom, Spawning in the Little Ocquscc River was limited to & 200-
yard area of grevel riffles at Station 54, DPassage upstream, beyond this
point, is denied the ssa lamprey by an "underground"--an area where the
river disappears underground, percolates through thé sub=surface limsstone
formetions and reforms above ground by the union of numerocus, small,
spring-like feeders, Downstream from the graveled area ncted, the river
hes a sand, or sand and cley, bettom and no srawning activity was observed,

Bottom types in Zone 2 were predoﬁinantly rock, rubble and gravel
and this combinetion occurred more or less uniformly throughout the
zone varying only, from place to place, in their relative proporticns
tc each other, Sesa lamprey spawning activity was more or less wniformly
distributed throughout this zone (Tables 11 and 1L and Fig, 16). Within
this zone, spewning activity did not take place in the sandy-bottomed
area oxtending from cne-half mile below Station 2F tc Station 2G nor did
it occur in those areas, occasionally intermediate between riffles, which
were characterized by bottom types of rock 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,

Chenges in the geogrsphicel pattern of spawning sctivity during the
spawning season were consisten£ for both years, OSpewning occurred initially
in the area immediately below Ccquece Falls (Zone 1, Stations 1L to 1M)

and reached its peak there earlier than anywhere else in the rivers Six




te 10 days after the begimming of spawning in the aforementioned arsza,
spawning sctivity spread rapridly in a pregressive fashion dowmriver as
faer as Oequeoe Leke (Stationms 1L to 1C), Pesk spawning activity in each
area, preogressing downstream, was propertionately later then that peak
which occurred just below the falls,

In Zone 2, spawning activity commenced uniformly over the entire
zone 5 to 12 days later thar in the area immediately below Ccquece Falls,
although water temperatures were consistently higher then in Zone 1, I
attribute this Yo generally less suitable spawning faeilities whieh
resulted in a delay on the part of the migrants sntering this zone in
selecting an acceptable place for nest construction. This delay lasted
until an increasing urge to spswn forced them to scespt what wars
avidently sub-opbimum nest-building conditions, As it will be shown
in a later discussion, the shallow,; rocke snd rubbloestrewn riffles
characteristis of Zone 2, offer acceptabls, although not eminently
suitable, sea lamprey nssb-building sites,

The duration of spawmning activity was very brief in Zone 2,
lasting from nine (19L7) to 17 (19L8) days. This is attributed to
several factors: (1) The spawning run in this zonme appears to be
composad of early migrants which ssem to ssek the farthest reaches of
the watershed for spawning, Their greater vitelity, and hizh and favorable
water levels at the Ocqueose Falls, facilitate their oassage over this
obsbruetion; (2) Later migrants, which might prolong the spawning
activity in this zone, are denisd access to it by their decreassd

vitality and inereasingly lsss faveorabls watsr levels for passags over

the falls, This may, in pari, esccount for the prolonged spawning ssason



and overcrowding of nesting sites immediately below the falls in the
latter third of the spawﬁing season; (3) Ths sea lampreys present

in Zone 2, having delaysd their spawning ectivity at suitable spawning
temperaturss while searching for optimum nesting sites, which did not
exist, wers compelled (by an inecreasing urge to spawn) to build their
nests and s?awn in the briefast possibls period.

The appearance, late in the season, of spawning see lampreys below
Ocqueoc Laks has been noted previously. This shift of spawning activity
to +he lowermost reaches of the river concludes the spawning season.
Spevning ereas hers are scattersd and poor and the occcurrence of such
sctivity is atiributed to migrants, which, being unable to lccate the
jnlet of Ocgueoc Lake, eveantually drepped downstream {(through the
cutlet) in order to spawn, Furthermore, I now from obsarvation that
some late mizrants, not possessing the vitality to Jowrney further,

elact to spewn here withoub attempting to travel Purthers
i " {=]

Spawning habits and spawning behaviora

(1) Pre-spawning behavior.--As has been observed in a vrevious

seetion, adult sesm 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 sexval structures indicate that
these early migrants are much less meture sexually than later migrants
and evidently must complste the sexual maturing process while in the

S8

spewning stream. Leter migrants displayed much more advenced stag
of maturity upon entrance into the stream and my observations suggest
that those arriving on the spawning beds during and after the psak of

spawning activity commence their nest building and spawning in e very

short period of time,
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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. Nests are constructed by clearing the gravel, rubbls, and
small stones from a usvally circular ares and by depositing this movable
material in a crescentic ring about the downstream margin of the cleared
arsa, Occésionally, gravel or stones are moved upstream sc that in
some cases, the nest has 2 crater-like appearance., Each pebble or stone
is moved singly by picking it up with the sucker-like oral disc, Greatb
persistence is shown on occasiocn where & stone is firmly imbedded in
an arsa of the nest where it doss not seem to be desired, The saa
lamprey will return time after time to this stome and "worry at it"
until eventually it is usually dislodged and can be moveds Very lgrge
stones are oceasionally moved out of the center of the nest area by
dragging them along the bottom with the aid of the current., The largest
stone I have had occasion to sec moved measured about Ly by 5 by 5 1/2
inches and was dragged about 2,5 feet from the center of a nest area
by & l7-inch, mals sea lampray.

The total amounts of material moved by a pair of sea lampreys
during nest-building and spawning seem oxtraordinary., All dislodged
materials from three nests in Zone 1 in which spéwning had been come
pleded wore carefully collescted and weighed, In 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 sach of three pairs of spawners,

Nest comstruction is usually begun by the mals, ZEarly in the
season the male may work for L8 to 72 hours on the nest before being
joined by ths femals., During this period a major portion of the nest's

sonstruction hes usually been completed, and further elaberation by




both sexes way only ocour in the intervel between spawming acts. During
midespevwning sesson, the mele is frequently joined by the female shortliy
after the nest has been started and both contribute to the building done
prior to spawning, At the end of the spawning seascn, when females fre.
guently appear to be dominant on some spawning beds, nest comstruction may
be initiated by them.

Prior to the beginning of the actual spawning process, certain secondary
sexunl characteristics develcp among both sexes which aid in the identification
of the sexes upon the spawning beds. Among the males a very proncunced,
rope=like ridge develops on the back from just behind the branchial region
to the anterior edgs of the first dorsal fin. No such ridge appears among
the femeles; 3instead, a fleshy "keel" develcps from the vent to the caudal
fin, The ventrel margin of that finrlikewise becomes somewhat thickened.

The femmles may alsc be identified from some distance by the relatively
swollen appearsnce of the body proper (due to the egg messs) in comparison
to the smaller head and branchial regions., In spawning males, thé branchial
region becomes somewhat distended and has a greater diameter thar the rest
of the body.

(2) Spswning behavior; the spawning act.-~The spawning behavior of

sea lampreys observed in the Occusce River was primarily monogamous,
occasionally polygamous and very infrequently promiscuouss On certein
visits to the sample spawning areas studied in 1948, the behevior of all
ses lempreys found in these particular areas was caresfully observed and
recordeé, Altogether, 95l rssts upon which sea lampreys were present
were examined, In 2)5 of these nests, spawning had not yet begun; ses
lampreys present were engaged sclely in the construction of the nest.

Tn 393 nests, spawning had been completed and only spent individuals,

primarily meles, were present in the nests,
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Spawning wes cbserved, howsver, in 338 nests. Of this total,
spawning was undertaken by a single pair in 261 nests or 77.2 percent
of 21l instances obsarved., All observations of the complete spawming
activities of individual sea lampreys indiceted that these pairs remainsd
mated fcr the entire spawning venture., In Ll nests or 13,0 percent of the
total observed, one male was spawning with two females, Other polygamcus
combinstions observed were one mele with three females (6 nests); with four
females (2 nests); and with five females {1 nest) (Total: O nests--2,7
percent of total). Promiscucus spewning was observed in 6 nests (1.8 percent
of total), Combinations of sexes present were two males and twe females
(1 nest):; two males end three females {1 nest); two males and seven females
(1 nest); three males and two femelss (2 nests); and four males and two
females (1 nest) (Table 15)e. Polygemous and promiscuous spawning were
generally observed after the peak of spawning activity and I attribubte this
behavior to one or both of several factors: (1) Females tended to outw

number the males on some spawning areas during the late part of the season,

and, (2) overcrcwdirg of the spawning beds in some areas of the river,

Polyandrcus spawning, i.e. one femele with several males, was observed
in 18 nests, In almost every case, during the time the observations wers
being made, some degree of antagonism was sxhibited by the males present
in the nest towards each other, This was usvally expressed in attempts by
one male to drive the other from the nest, This is done by the aggressor
by attacking with the mouth and festening firmly to the victim, The latter
replies in kind, and, firmly locked together, they go threshing downstream
with the current, This antagonism was particularly marked among the males
of a number of spaswnirg pairs thet were cbserved, When casual msles

intruded upon their spawning esctivities, they were promptly driven away
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Teble 15, Proportions of monogamous, polygamous, and promiscuous spawning
‘ among ses lampreys in the Ocguecc River on various dates in 1948, (Numbers
of nests upon which working or spent sea lampreys were found and the number
of casual sea lampreys noted in the spawning areas on these dates are also
indiecated
Total number Number of Number of Number of
Date of choerved with nests under nests im which  easual
i truction there were: ampreys
observations 3¢ and/or 99 Number of nests in which following spawning combinations noted | ___ tons Soent 35 Zpent 99 spawning area
(19448) on them 13+1¢  13+29¢  1o+30¢  1d+h9¢  13+59¢  2ai+1¢ %TT“‘TT‘—T_? TIB00D33+300  Dad+739  343+29e  Lasr2ee By &6 By 3% Dpen 2 ne =
| 2 2 3
Mﬂy 29 72 28 2 [ XX ] XX [ XX ] (X X o0 e e 'YX [ X X2 os e 17 3
June 2 220 i 5 1 9 2 1 56 7 65 25 12
’ ' 81 15 12
Jme 6 222 55 12 2 1 1 7 L) LR 1 so e o3 50 ll
10 LA R J L X ]
June 13y 22 é oee oo e vee ven vae vas .es cee oo s 5 1
' 8 13 18
June 1l 301 77 15 3 cee oee 1 1 1 .oe oee ose 79 I 9
: : es e 2 2 l
June 2& 10 h ese ese oece eess cece see ese eve o900 sen 2 .
L) o0 e 1
June Eﬂ 7 3 2 see Xy eee Ty ' oo ece ‘o0 eae LA bt
11 L
&e 25 63 8 L X-N L X NS [ XX ] ve 1 P ) re X 'S X} [ BN J e Ll' 3 36
(XN} se e 1}4- 3 l
June 26-Ju1y 59/ 26 6 3 v L) sce ey oo oo ces oo e
’ ee ese (X X} 1
J'(J.ly 6\5/ 3 soo 1 (XX eeo oo s eeco XX} es. TR X ] , oo (X R 2
oo 2 oo [ XN
July By 5 A 2 eece 1 XX} eve eve eoe ese L R LA B4 e
. L R 4 1 L X 4 L X N J
July 10? 2 ®ee 1 o see XX see eve sen TR XX ese oo
July 12?/ 1 one 1 LR (XX o sve see see oo LR ese oo eeco ors eve
6 53
Totals 261 Lk é 2 1 18 1 1 1 2 1 17 28 32k g
 Percent of total spawning ... s ven vee
_combinations observed . (77.2) (13,0) (1,8) (0.6) (0.3) (5¢3) (0.3) (0.3) (0.3) (0.6) (0e3) oo

é//Counts represent activity of all live sea lampreys present in area of river examined
on given date. Unless otherwise noted data obtained in area between Stations 1L and 1M
Yy (Z 341 1)0
Stations 1F and 2I.
Stations 1B and 1%,
Station 1B and Stations 1L to 1M,
2/ Station 1B.
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in the manner described above. I consider this further evidence that
under optimum conditions, spawning among see lampreys is undertsken by
paire which remain mated for the entire spawning period.

The spawning act of the sea lemprey has boen more or less elaborately
described by Surface (1899), Hussakof (1912), Coventry (1922), and Gage
(1628)s The following dsscriptioms agree in general, but not always in
deteil, with the statements of these workers, Briefly, my observations
show that the act is accomplished as follows:s The femele orients herself
in the bottom of the nest and anchors herself firmly with the orel disec
to a stons cor larger piece of gravel imbedded in the floor of the nest,
or, to a similar object whieh has besn vplaced in the upstream mergin of the
nest during its construction., The male spproaches the femele generally
along the long axis of her body whieh is parallel te the current, In
doing so, he frequently rums his moubh lightly over the arterior half of
her body until the branchial zone is reached. At this point the male
fastens himself firmly to the female with his mouthe Almost immediatsly
he wreaps the posterior third of his body in an abrupt halfespiral about
that of the femsle so that their vents are approximsted (Figs, 18, 19),
The extrusion of the eggs end milt is preceded and scccmpanied by a very
repid vibration of the bodies of both individuvals for a 2 to 5 second
period, Following that, the male reoleases the female immediately,

The fertilized sggs are cerried by the current into the face of the
downstream rim of the nest where the majority of them lodge in the
interstices between the gravel and stones that have been built up thers,
Very shortly after the spawning act, one or both of the sexes anchor

themselves again %o a rock at the head of the nest, With viclent body
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vibrations, they stir up a small cloud of sand frem the bottom of th

nest which, like the eggs, is carried by the current inte the spaces in
the gravel and stone nest-rim and which imbeds the eggs in place, Re=
portedly, 20 to LO eggs ere extruded during each act (Surface, 18%9),

My observations tend tc confirm this altkough I never found & satisfactory
way of checking this with some mechanical device, Thereafter, both male
and female mcve about, adding more gravel or stone to the dewmstream rim of
the nest structure. This latter activity may cccur betwsern each spawning
act or between groups of two or three successive spawning acts,.

The interval btetween spawning acts usually varies from one to five
minutes through most of the spawning activity, When both male and female
are nearly spent, this intervsl mey last ten minutes or longer,

The duration of spawming by = peir (or other spawning combinations)
may be from 16 hours to three and one-half days, The latter instance was
noted for e pair of very early spawners in 1947, During the peak of
spawning activity in the river, all pairs whose activities were followsd
closely completed their spawning in avproximately 36 to L8 hours. Lete in
the season, during the month of July, three pairs observed at Station 1B
{below Ccquece Lake) completed their spawning in epproximstely 16, 19 and
20 hours respectively, (These checks were made by placing hardware cloth

fences around the nests of pairs desired for observation),

The location of the sggs deposited in the nest and those lodging in
surrcuncding areas was determined by carefully dissecting, stone by stone,
a series of tern nests in which spawning had been completed, Dislodged

egzs were caught in a stream-bottom sampler and the rslative proportions

in differsent layers and different areas of the nests were observed,




The distribution of the egss found in these pests was leogical
considering the spawning poesiticn, spewning set, and the =ction of the
water current passing Through and over the nest, In all nests examined,
the bulk of the dsveloping eggs were found in a spindle-shaped layer {in
both vertical and horizontal dimensions) in the upstream face of the
crescentic, downstream margin of the nest, Here they wers mixed with fine
and coarse sand which fi 2ll the interstices betwe,n the pleces of gravel

strats was a tWo= to five-

0“4

and stone. Superimposed upon this e g-beariﬁ
inch layer of medium and coarse gravel among which few eggs or sand graing
were present. The water percolated fresly through this layer. It was
found that among the eggs first deposited by a spawning palr, some wers
buried as deep as &,5 inches beneath the highest roint of the nest rim,
The egg=besring strate itself, wvaried from two to four inches at its
maximum thicknsss (Fige 20). In the lateral plane, the eggs were most

4

commonly distributsd over an area eguivalent in breadth to the dowmsiresn
gquadrant of the nest (Fiz. 20c),

In an erea of moderate current, with a generally gravsl hottom

n the gravel just past the crescentic
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rim of the nest, Cceasicnal egzs were lodged among the gravel of the
stream bed directly behind the nest for z distance of three %o four fest
e)e In generally sandy aroas, where the reverse slope of the

downstream side) was predominantly sand, egzs carried over

—~~

nast rinm

-~

the rim of the nest by the curresnt hed nowhers to lodge and I observad

these ¢

QJ

ggs generally were carried by the currsent iato deeper and

oz}

usually silted areas (Fige 20b). I believe that thers is a high mortality
among these eggs due to their complste exposurs to predation by small

minnows and, ultimately, to their smothering by silt deposition,
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Vertical and linear distribution of eggs
in & nest in s gravel-bobthomed area,

Vertical and linear distribution of eggs
in a nest in a gravela and sand-bottomed
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Area or plan of distribubion of eggs in
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(3) XNest construction,--The mammsr and form of sea lamprey nest

construction in the Ocgueos River varisd with the arez in the watershed
selscted for spewning, with the bobtom types that were present, and with
specific locations within the stream (i.e., particular nest-building site
selected),

{Zone 1)

In Zore 1, the general type of nest built was one of verious size

gravels upon riffles, bars, and flat beds, or scatiered patchss, of
gravel (Fig, 21), Ultimately, all evailable graveled locations of every
description in this zons were complsebely utilized, elthough certain tyves
of loecations were more sultabls for anest construchtion then were others,
In 2 O.l=mile srea between Stations 1L and 1Y, the specifie sites of
1,820 nests present wers de%ermined. Of this total, 1,043 nests were
built on ten long gravel riffles totaling 1,070 feet of linesr stream
distance (Renge in length of individual riffles: 35 - 500 feet); L3L
nests were built on isolated, large, transverse gravel bars and short
riffle areas; 120 nests ware built on scettered, smnll, transverse bars;
40 nests were built at the upsitream or downstream margins of pools or
in the deeper areas interwediate between isolated bars or riffle areas;
63 nests were built on linear (parallel to curreat) graveled arsas
end 60 on scattered patches or pockets of gravel, These latter two
types of sites were in generelly sandy-bottomed areas of the river,
Of the remainder, 3l nests were built on flat and ridged gravel beds on
the outside margin of dssp pools et bends in the river, and 4 nests
were bullt in a like location on the inside of a river bend,

Under such conditions, preferred nest-building sites could only

be determined by ascertaining in limited areas what sites were utilized







first, second, ete, for nest-building. A gravel riffie area, 80 feet
long, which lay between deep pools at two bends of the river (Stations
1L=1M), a predominantly sandy-bottomed area at Station 2C, a gravel bed

in a bend of the river at Station 1E, and gravel riffles in s small stream
(Station 5B) were observed during the spawning seasom, T was found that,
in general, the upstreem face of the gravsel bars forming thé longer riffle
areas and that of transverss gravsl bars of all descriptions were utilized
first for nest construction, Following this, the despressions betwsen,

and occasicnally the crests of, these bars were used, In such areas, the
last sites taken wers those within the foot of the pool proper, uvpstrsam
from the riffle, and those at the hesad of the pool lying downstream from
the riffle (Fig. 22)e When all such sites had been preempted, nests
appeared cn flat, graveled areas along the outside margins of pools, and
on linear bars, patches, and pockets of gravel in the sandy areas of the
river,

In the lower resches of Zone 1, abcve Ocqueoce lake, gravelsd areas
frequently appeared on the outer portion of bends in the river., These
graveled ereas were gensrally composed of a series of crescentic gravel
bars, dipping from the shoreline to the despest water in midstream, Witha
in the limits of such an area, nests were built first on the upstrsam facs
of the bars at depths of 12 o 2l, inches, Thereafter, similsr sites were
ubilized in shallower water right to the water's edge and to depths of
thres and one-half feet on the midstream limits of the bars, Areas intera
mediate between, or upstream or downstream from, the gravel ridges wers
utilized last (Figs 23)s

In a small stream, the Little Ocqueoc River, & continucus sseries of

closely spaced gravel riffles were pressnt, although the profile of these
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Figure 22, Diagram of a gravel riffle in the Ocgqusce River ubilized by

sea lampreys for spawning. Stippled areas sere bars or eoncentrations of

gravel; the location of sea lamprey nests in the area is indicated by
unshaded cireles, (Station 1L-M, 194L7}.
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Tigure 23, Diagram of the location of sea lamprey nests on & sseries
£

of ecrescentic gravel bars in the outside of a bend in the river, Depth

in inches to the floor of sach nest and at various points within the
area are indicated, {Ocqueoe River, Station 2C, June, 1947),
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bars was quite low, Here the sea lamprasys selected nestesbuilding sites
initially on the upstream face of the gravel bars and laterally in the
intermediate areas withoubt much discrimination (Fige. 2L).

In Zone 1, sea lsmprey nests were built at depths ranging from five
inches to five and one=half fest, Most spawning occurred, howevsr, in
depths between 12 and 25 inches (depths to center of floor of nest),

In the generally gravsled area between Stations 1L and 1M, the -
average depth of L6 nests was 22,1 inches (renge: 8.5 to 2,0 inches)
(Table 16); between Stations 1K and 1L, the average depth of 3l nests
was 20,2 inches (range: 11,0 to 32,0 inches) (Table 17); and in ths
generally desper waters between Stations 1E and lF; the average depth
of 7L nests was 22,k inches (range: 7.5 to 38,0 inches), It was in this
latter arsa that sea lampreys were observed on six nests built on s
gravel bed on the bottom of & desp bend of the river, The depth to
these nests was 5,5 feebt, In the Little Ocqusoec River (Station 5B),
the sverage deoth of 31 nests was 9,0 inches (range: 6,0 to 15,0 inches)
{Table 18), For thres nests not included in this sample, depths of
50, 5.5 and 6,0 inches were recorded (Fige, 24)s It is curious to note
that in the latter cases, one inch or lsss of water was passing over
the rims of these nests, Spawning had occurred at & similar water level,

Completed nests varied in size from 10.0 to 39,5 inches in diameter,
The average diameter was about 19 inches and varied from sample area
to sample area as follows: Stations 1L-1M, 22,1 inches; Stations 1K.lL,
21,0 inches; Stations 1G-1H, 19,8 inches; Stations 1E-1F, 18,1 inches,
These stations are listed progressing downstrsam and decreasiﬁg averapge

diameters are correlated with decrsased amounts of nest-building materials




Figure 2, Diagram of the location of four sea lamprey nests on &

gravel bar in 2 small stream, Depth in inches to the floor of each

nest and at various points within the erea are indicateds The sea

lemprey pictured in the center nest is lying in the bottom of the

pest in the cherscteristic position of a spent male, (Little Ocgqueoc
River, Station 5B, Jume, 19L7).




CURRENT

oAy

[
SLAD

SrasSsig Nt

608

Of

PN
NGO
Au.

%

/C.

WIDTH OF STREAM — 8FT.




Table 16,

in the Ocqueoc River (Statioms 1L to 1M),
type symbols:
1" in diameter; "E" - egg gravel, 1 and 1

- sand.

All bottom types listed in order of dominance.]

Depths, dimensions, and materials used in the construction of sea lamprey nests
[A11 depths and dimensions in inches.
"P" . pea gravel, 3/16"™ to 3/8" in diameter; "M" - marble gravel, 1/2" to
" to 2 and 1/2" in diameter; "R" - rubble; "S"

Bottom

Depth to Downstream rim of nest Upstream rim of nest
center Dimensions Depth to Depth to Bottom typoe= Remarks on
of nest of nest summit Materiels summit Materials floor of nest locetion of nest
(Trensverse bar - 3 x 27 foet)
12,5 27.0 x 35,0 L0 P, M, E | R P, R, S Forward slope of bar
12,5 130 7.5 P, M, E R P, R, S o " v n
11,0 23,0 L0 P, M, E E; R P, R n " noom
11,5 25,0 Le5 P, ¥, B R, S P n " n "
12.0 26.0 7.0 P, E 8¢5 P, E P Reverse slope of bar
10,0 21,0 6.5 P, M & R, P P, R Forward slope of bar
17,0 36,0 10,0 P, M 13.5 P, M P, S At bank
(Transverse bar) .
14.5 22.0 8.0 P, M, E 12,5 P, R P, R Forward slope of bar
12.5 3040 6.0 P, M 7 M, R s, R Reverse slope of bar
12.0 17.0 5.0 Large rock, P, M 9,0 S, M S, P Forward slope of bar
10.0 16,0 6,0 P, ¥ 8.0 S, M P # n w oo
10.0 22,0 L5 P, M, E 810 P, M P Crest of bar
12,0 28,0 5.0 M, B & P, R P, R Forward slope of bar
9,0 18.0 x 23,0 3,0 P, M, E 745 S, M, R P n " n o
9,0 15,0 L1e5 P, M 640 s, M P, § " no "o
10,0 1L.0 L1e5 P, M g S P, S " " om
(Quieter water between bars)
8.5 20,0 Le5 P, M, E, R 6.0 M, R P, S, R Profile of bottom level
(Transverse bar) 1
10.0 19,0 340 M, E, R -4 M, R P Forward slope of bar
8,0 22,0 245 M, E 5.0 M, E, R P, M Crest of bar
10,0 1,0 L.o P, M, E 9i5 M, R P, S Forward slope of bar
10,0 14,0 345 P, M, E o M, B P, S, R " " w n
10.5 19,0 240 P, M, E 8¢5 M, B P, M " n v
10.0 19,0 340 P, M, E 8.5 M, B P, M " " oo
13,0 28.0 55 M, E 740 M, E, S P " woo Mo
14,0 25,0 7.5 P, M, E 1 S, R P, S .o " e
12,0 23,0 5.5 M, E 9.5 P, M P, M Crest of bar ]
15,0 2%,0 8e5 P 12,5 M, S P Forward slope of bar
13.5 16,0 9.0 P, R, M 12.5 M, § s, P " " "oon
13,5 15.5 9.0 P, R, M 12.5 M, S s, P " n no®
16.5 29.0 9.5 P, M 12,0 M, S P " * L
18,0 22,0 x 29.0 9.0 P, M 15.5 P, S P, S by LR I
17.0 30,0 10.0 P, M 1 s P, M, S Under overhanging bank
(Gravel bed--quiseter water between two riffle areas)
13,0 2540 7.0 M, B 10.0 M, B P .ee
15,0 22,0 9,0 M, B 12,0 M, B P, S coo
1300 2}-!-00 7'5 Ml E 9'5 M: E Po S [ X X
1.0 22,0 x 26.0 6,0 M 13,0 M, E P, S Under overhanging bank
15,0 19,0 11,0 P, M 13,0 M, E P oes
18,0 27,0 11,0 P, M 15,5 P, M P cos
19,0 28.0 13,0 M, B %// P P vos
2110 2540 17.0 Snag, E X P, R P, R cee
(Broed transverse bar)
11.5 16,0 5,0  E, M Y E, R P, R Forward slope of bar
13.0 18.0 x 24.0 Le5 E 11.5 E, R P, R n " .o
Uie5 17.0 x 23.0 5.5 E 13,0 M, E, R P, R " " n oo
16.0 18.0 x 22,0 6.5 E 15,0 P, M, R P, R " " noon
145 19.0 740 E, M Y P, R P, B " moonoom
12,0 21.0 x 2540 5.0 M, B 10,5 M, E, R P, R " oo on
A‘verage 13.0 22.1‘2/ 6.6 eoe 10.5 e see XX}

\]/ Upstream rim of nest poorly defined or not elaborated during nest construction. Materials listed are
bottom type immediately upstream from nest proper,
&/ Average mean diemeter,




Table 17.

in the Ocqueoc River (Statioms 1K to 1L).
"p" . pea gravel; 3/16" to

type symbolss
1" in diameter; "E"

Depths, dimensions, and materials used in the construction of sea lamprey nests
All depths and dimemsions in inches,
8" in diameter; "M" - marble gravel, 1/2" to

Bottom

- egg gravel, 1 and 1/4" to 2 and 1/2" in diameter; "R" - rubble; "S"
- sand, All bottom types listed in order of dominance.]

Depth te Dovmnstreem rim of nest Upstream rim of nest
center Dimensions Depth to Depth to Bottom type-~ Remarks on
of nest of nest summit Materials summit Materiale floor -of nest location of nest N
2}4-00 31,0 x )-]-800 veo M, B S S, P
22,0 17.0 oss P, ¥ s S Located on small seattered
2.0 17.0 >ee M, E s ] patches of gravel on pre-
2,0 19.0 sos M, B 'Ell/ s S dominantly sandy stream bed
23,5 20,0 x 2740 11,0 M, E, P & s s, P
14,0 11,0 P ¥ P 5, P
11,0 3740 1.0 M, E, P v s, P s, P Gravel riffle behind
15,0 18,0 6.0 M, E, P ' 4 M, E, P s, P o0ld log deflector
12.0 15,0 5.0 M, E, P ¥ M, P, S S, P L
15,0 25.0 645 M, E 13,0 P Clay, P oot &
23,0 3640 x 10,0 14,0 E, S b7 P, S P, S '
2740 25,0 x 28,0 18,0 P, M Y s P, M, S Midstream
28,0 17,0 22,4 M, E, P 'Y M, S P, S .
25,5 15,0 20,0 u, E, P 4 M, S P Seattered gravel pockets
28,0 18,0 x 30,0 22.0 0ld log, M v M, S P, M in midstream
32,0 2.0 x 36,0 22,0 M, S v Clay P, ¥ Waterlogged sticks in nest
19,0 24,0 x 26,0 13,0 M, E & 01d desdfall S, P ¥idstresm
22,0 21,0 x 20.0 15,0 M, E "4 s P, ¥ Forward slope of bar
20,5 16,0 12,0 M, E 4 s P, M momoom
19.5 26,0 4.0 M, E 114?}) M, E P, ¥ Crest of bar ,
22,0 20,0 16,0 M, E s P Forward slope of bar
18,0 16,0 x 21.0 12,0 M, E 17.0 M, E S " nooomom
11,5 16,0 x 19,0 2.0 P, M, E 10.5 P P, § " LA
1.5 16,0 9.0 B 11,0 E, M P Crest of bar ,
19.0 19.0 x 23,0 11,5 P, M, E v s P, S Forward slope of bar
2140 18,0 x 21,0 15.5 E, R ve S, R P, R " L
29.0 18,0 25.0 P, ¥, E 25.5 P, M, B P Reverse slope of bar
2%.5 23,0 18.5 P, M, E 21,0 M, E P, S Forward slope of bar
22,0 19.0 x 26,0 1.0 M, E 19,0 M, E, R P L w oo
20,0 21,5 11,0 P, M, E f s P " LI
16,0 16,0 8.0 M, ® / S P " = 0 .
1.0 1.0 l1e© M, E ¥ s P Forwerd slope of bar
12.5 14.0 4.0 ¥, B v s P " noomoon
12.0 14.0 3.5 M, E & S P " L
Average
20.2 21.& 12‘3 [ N N LR N ] L 3N * 80 L X X J

}/ Upstream rim of nest poorly defined or not elaborated during nest construction. Materials listed are
bottom type immediately upstream from nest progper.

Average mean diameter,
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(Tables 16 and 17). The average diameter of nests in the shallow

Little Ocqueoc River was 17.7 inches (Table 18). These mea.surements

were taken from tim to rim on the nests, Asymmetrical nests were measured
across their longest arnd shortest diameters and a mean obtained,

Two generalized patterns of nest comstruction occurred where
adequate amounts of gravel were present, The most common of these two
was that type built on the upstream face of bars or ridges in the stream,
These nests were characterized by high downstrean rims, very low or none
existent upstream rims, and tended frequently to be asymmetrical in form
(outline) and structure (Fige. 25b). This type was typically found in
midstream locations where the current was moderate to swift and where
the contours of the bottom had a steep profile. In such nests, the
downstream rim of the nest was frequently elaborated to & considerable .
heighte--occasionally as much as ten inches above the fioof of the nest
(Tables 16-18).

The second general type of nest was cheracterized by é rim of ;
uniform height, a cirecular outline form, and & generally symmetrical
appearance (Fig. 25a). These nests were found at the quieter margins
of the stream, aleng 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 flat or low profile bottom
contours.

In a1l types of nests and under all circumstances, I have seen
sea lampreys moving stones to the upstream rims of their nests although
their success in meintaining this part of the nest structure varies
with the nest site and the veloeity of the current (as evidenced above).

I see no basic functions of this portion of the nest structure other




Table 18, Depths, dimensions, and materials used in the construction of see lamprey nests

in the Little Ocqueec River (Station 5B). [All depths and dimernsiocns im inches. Bottom

type symbols: "P" . pea gravel, 3/16" to 3/8" in diameter; "M" - marble gravel, 1/2" to

1" in diameter; "E" - egg gravel, 1 and 1/L" to 2 and 1/2" in diemeter; "R" - rubble; "S"
- sand, All bottom types listed in order of deminance}] .

Depth to ~ Downstream rim of nest Upstreem rim of nest . —
eenter Dimensions Depth to Depth to Bottom typee= Remerks on
of nest of nest sumnit Materials sumit Materials floer of nest location of nest

75 20.0 2,0 M, E L.0 M, E, R P, R Forward slope of bar

6.0 16.0 0.8 M, E 1.0 M, E, R P " " w0

745 10.0 5.0 E, R L.o E, R P Intermediate between bars

845 17.0 Lo M, E 7.0 M, E P Midstream

9.0 10,0 5.0 E, R 6.0 M P, R "

10.5 1745 11,5 R, P, E 8,0 M, E, R P, R " ,

10,0 17.0 x 23,0 5e5 P, E 8.0 P, 5, R P, M Under roof of logs and cedar
9.0 16,0 L.5 M, large rock L5 M, E P Midstream bows
6,0 18.0 x 20,0 2,0 M, B 1/ M, B P Close b0 bank ' ;
11,0 19,0 x 20,0 3.5 M, B 9.0 S, P, M P, S Midstream =
6.0 1.0 2.0 P, M, B L.0 M, E P, S Forward slope of bar Y
75 13,0 x 14,0 2.5 P, M, E 3,0 M, E P, S n " LI
8¢5 23,0 2,0 P, M, E v E, R P, R Midstream
8.5 12,0 x 21,0 2,0 M, E v P, R P "

10.0 22,0 3,0 M, B 6,0 P, E, R P, R b
10,5 11140 5e¢5 E, large rock BiO P, R P, R Forward slope of bar

10,0 2L.0 2.5 M, B 4 M, E P, R " " noon
740 13,0 2.0 M, E v M, E P, S Under snags near bank
7.0 17.0 2.0 P, M, E 3.5 P, ¥ P Midstream
705 2300 1:5 P, M, B & 5 P, M P "

9.5 : 21,0 3¢5 M, B v M, E P, R Forward slope of bar
8.5 12,0 6.0 P, M, R 710 M, R P, ¥, B " n noon

10,0 22,0 x 24,0 2.5 P, M, E v M, E P, M " " roon
9.0 22,0 L5 E, R, M 5e¢5 R P, R Midstream
7.0 18,0 3.5 E, R Le5 R P, R "

9.0 16,0 4.0 P, M 7.0 P, R P, S Close to bank

15,0 20,0 3.5 M, B 11,0 E, R P Midstream
9,0 14,0 2.0 M, B E, R P Closs to bank

11,0 14,0 745 P, M v P, U P Midstream

12,5 25,0 6,0 E, M, S 10,9 M, B P n

13,5 19,0 7.0 rge rock, P, ¥ 9,0 P, M, R P, R o

Average ’
9,0 17.73/ 3.6 6.1 oon

4 Upstream rim of nest poorly defined or not elaborated during nest construction., Materials listed are
bottom type immediately upstream from nest proper,
&~ Average mean diameter,
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Figure 25, Ses lamprey nests {see text for discussion).
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of the nest aree and as a provision for anchorages to which the female
mey attach herszelf during the spawning act, A4 single large piecs of

-

gravel, a swell imbedded stone or stick, or even z herdpan clay botboenm
has been chserved teo suffice for the latier reguirsmsni,

Nesbebuildirg on less favorable sites: e’ternc the form of the

i

rg
nest to some degree. Occssicnal nests were built by clearing an ares
between twe or mere largs stones which formed walls on esch side of
the nest, The erratic water turbulence on such sites caused the nest
te suffer from some sconring when the spawners wers no lcnger present
to maintain it, end it was obvicus from sn examination of the nests
thaet some considerseble mortality of eggs or dsveloping fry resulted,
There nests were build from a thin layer of gravel and send upon
hardpan clay, the upstreem mergin of the nest tecame swept awey by
the current as did the contents of the floor leaving =z crescentie
ring of gravel for the nest (Fige 25¢)., With no anchorage upstrean
or cown, this structure was slowliy demclished by the current and again
I fourd from a dissection cf such nests befors hatching hed ccocurred
that some hesvy mortality of eggs or fry resulted,
I bslieve that in the preceding instance, and in those sandy

sreas where small, seattersd patches of gravel provided nesting sites,
the minirel accepteble conditiorns for ssa lamprey nest construction
are represented, It the letter case, where pockets of gravel lay

aheed cf, or egainst, small hurmocks of sand or sand bars, the gravel

was pleced by the lampreys sgainst the unsiream face of such rises

...J

(Fige 25d)s The amcunt of grevel utilized varied, of course, with

the evailable suvply. Cne such nest was cbserved which consisted of
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& double layer of 3/le to l=inch gravel, spproximately one square
foot ir ares, which had been built a&a-nst a small, send huwmocke

£11 available gravel in the ares hed heen utilized (Fig. 25e)s A

e

r hed previcusly been cbserved spawning in this "nest," Exemination

fete

pa
of the nest after the completicn of thiz spewning indicated that very
feww fertilized eggs were present in its The potentially high mortelity
of eggs on such sites as these hes been noted elsewhere. Nest con-
structicn and spawning were never observed on sites providing a lesser
volume of hard, bottom-type elements than in that situwation noted just
previcusly,

fiscellanesous odd nesting sites wers utilized under snags, and
weter-legged timber and brush, Immediately below Ocquecc lake
(Station 1B), riffle areas were created by extensive beds of clam
shells, These, with the addition of some moderate amounte of zrevel
present formed the basic materisl vtilized bty the lempreys for nest

constructions BSuch hard objscts evidently formed a satisfactcry stube
stitute for larger pleces of gravel, The suecess of spawning on such
sites was not determined,

The re-use of nests or nesting sites by late migrants was only
observed sfter all suitable nest-building lccatiggthad been utilized,
In the latter half of the seamson in Zone 1, immedistely below Cequecc
Fells, uvnfsvereble water levels at the falls and a reduvced vitality
among the sea lempreys ultimetely forced many of them to spavn in
locations that had already been completely utilized, On many *rens-
verse gravel bars, this resulted in = complete cbliterstion c¢f the

outlines of the nests of the original spawners., The result was whet

appeered tc be a continuous, straight nest across the entire face cf
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the bar (Fige. 26). Even under such circumstances, several pairs
spawning on these illedefined, continuous structures tended to remain
discrete as peirs end spewned across & consistent and limited breadth

of the reworked structure.

(Zone 2)

In Zone 2, the general type of nest was one built of greavel,
rubble and small rocks in an area which was more or less wniformly
composed of varying amounts of these three bottom types (Fig. 25 f, g;
Fige 27)e

Little choice was offered the sea lamprey im selectingvsites
for nest construction in this area of the watershed. Riffle areas
of gravel and rubble were more or less level in bottom contour con=
taining few if any bars or ridges as found in Zone 1, Nests were
found ecross the length and breadth of these riffles in a welle
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 concene
trated in the less swift waters nearer the banks,

Individual nesting sites were generally seclected where gravels
were relatively abundant among the rubble and rock (Table 19), Thess
nests were usually symmetrical in form where the rubble was of such a
size that it ecould be moved and/or utilized in nest construction
(Fige 25g)e In roeky or largs rubble areas, many asymmetrical types
were built (Fige 25f)e Limited amounts of gravel and swift currents
restricted most nest construction in such éreas to the downstream rim
in which the eggs were to be deposited. In predominantly rubble and

roek areas, so little gravel was occasionally available that a very










symbols: "P" - pea gravel, 3/16" to 3/8" in diameter; "M"

Table 19, Depths, dimensions, and materials used in the construction of sea lamprey nests

in the Ooqueoc River (Station 2B). [All depths and dimensions in inches. Bottom type

- marble gravel, 1/2" to 1" in

diameter; "E" - egg gravel, 1 and 1/4" to 2 and 1/2" in diameter; "R" - rubble; "S" - sand.
. All bottom types listed in order of dominance.]

Depth to Downstream rim of nest Upstream rim of nest
center Dimensions Depth to Depth to Bottom type=- Remarks on
of nest of nest summit Materials surmit Materials floor of nest location of nest
11,0 16.0 7.5 P, B, R 8.0 P, R P Midstream
11.5 21,0 7.0 P, E, R 8.0 P, R P "
10.5 18.0 6.5 P, M 6.0 P, M, R P "
13.5 18,0 10,0 P, M 10,0 P, R P n
13,0 18,0 6.0 P, M 10.5 P, M, R P, M n
1145 20.0 8.5 P, M 9.0 P, M P, R "
11,5 17,0 5.0 P, M 9.0 P, M, R P Thres fest from bani .
10,5 19.0 540 M, E, R 8,0 P, R P Midstream I~
13.0 20.0 745 M 10.0 P, ¥, R P Six feet from bank o
11.5 26,0 6.0 P, M, R 8,0 P, M, E P noo " "
9.5 21,0 Lie5 P, E B P, R P Two fect from bank; oyerhung
10,0 17,0 5,0 P, M, E 6.5 P, M P, R Midstream y
9¢5 10,0 x 16,0 6.0 P, ¥, E 75 P, ¥, E P "
9.0 18,0 L5 P, M 610 P, M P Fifteen fest from bank
12,0 17.0 x 21,0 6,0 P, M, E & P, M P Two and one-half feet fro
9.0 22.0 3.0 P, E 610 P, M, E P At current split ﬁ hegﬁ af
11,0 20,0 6.0 P, M, E & P, M, R P Side channel “M&ii 1sian
11,0 19,0 6.0 P, M 845 P, M P Midstream
8.0 21,0 2.0 P, M L5 P, M P
13.0 22,0 x 25,0 545 P, M 14 P P
11,5 17,0 6.5 P, M 845 P, M P Scattered across
11,0 11.0 x 16.0 645 P, M & P, R P stream bed
12,0 15,0 6.5 P, M L P, M, R P, R
905 13‘0 505 P, M 710 P. R. M P, R
10,0 23.0 x 27.0 345 P, M & P, M, R P Three feet from bank; against
and alongside of log
Average
1009 180& 5.8 : [ X N J 708 e e "o o¢e

;/’Upstream rim of nest poorly defined or not elaborated during
bottom type immediately upstream from nest proper.
3/ Average mean diameter,
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limited nest structure was completed and I presume thet the effective-
ress of spewning on such sites is limited, Bslow these nests, eggs
could be found lodged (end exposed) among the rubble for many fest
dovmstream,

Ameng a sample of 25 nests on cne of the more fevorable spawning
riffles in this zone (Station 2B), the depths of the nests aversged
10,9 inches (renge: 8.0 to 13.5 inches)s These nests averaged 18.8
inches in diameter, varying from 13 to 26 inches (Table 19),

Although a ecnsiderable amount of spawning irn the Oecqueoc River
oecurred in this zone, nestebuilding and spawning conditions are
considered less suitable then those areas characterized by gravel
bers snd ridges in Zone 1., Initially, bottom contours, particularly
in most riffles, are low or flat and offer neither resting plsces
for the working see lamprey ncr sites which facilitabts the construction
of & nest as would the abrupt upstream face of & gravel bar, Heavy
and/br unwieldy pieces of rubble must be cleared from the nesting sits
with some considerable effort by the sea lampreys. These matsrials
and the moderete smounts of gravel available frequently do not form
an adsguate nest structure, Swift currents over the riffles hinder
nest construction and combined with inacdequete nest structures rssult

24 ¥l

n the sweeping awsy snd probable mortality of

bdo

meny Newiy spawnet egZS.

{Ceneral Observations)
Some visible current was present at every nesting site ocbserved
in the river, The least current velocity obssrved in any one suewning

location was 1,3 feet per secon d.v/’xhe maximm velceity noted in an

\// Cheannel velocity; surface velocity X factor of 1,3%%,
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n & rudbkle and
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kS

ares where spawning ccourred was 5,2 feet per second
grevel riffle, Current velocities in four long and heavily used riffles
were 2.6, 3.8, L.0, and L.l feet per seconds Two less widely vsed riffle

(poor bottometypes) hed velocities of 1.9 and 2,3 feet per second. In

‘areas other than riffleg where spawning ceewrred, velocities of 1.5, 2.3,

2.8, 2.9, and 3.5 feet per second were recorisd,

Ir the Ocquece watershed, there was nc evident relationship bebtween
the degree of cover and/or shade, and the incidence of spawming activity,
The earliest, and subsequently one of the most widely used spawning
~3ffles in the river was relatively shallow, contained no "eover" within
the stream sné was completely exposed to the diresct rays of the sum
throughout the day., At the other extreme, spawning sctivity in the
Little Gcgueoc River at Statiocn 5B cceurred in dense shade where thé
sur seldom strikes the weter, Hewevsr, since among the sarliest

spevmine sea lampreys, somewhat more activity was displayed during
1Y ] =)

the hours of darkness than during daylight, I suspéct that wndsr

®

op tixum_;nawn ng conditions, all other factors being equal, a praference

1,

would be shown by the sea lamprsy for "covered" or shaded nesting
sites,

(L) Summery of spevning reguirements.--It is concluded from

these data collected in the Ocguecs River, that twe esssntisl physical
conditions, cther than suitable water temperatures, must be fulfilied
before sea lemprey spawning can be undertaken with sny degree of
suceess, First, gravel, 5/8 inch to 2 inches in diameter, or gravel
mixed with scme other acceptable hsrd bottometype {rubrle, clamshells,

ete, ) must be present as the basic eclements for nest construction,



Furthermore, some smell amcunts of sand must bs svalileble to which

of the gravel in the nest rim, Ixcessive amounts of larger hard boticm-

“4ypes (bed rock, boulders, large rubble) hinder or prevent spawning.
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In sandy arees, some small amount of gravel must be presen
constructicn and spawning will be attempted by the ses lamprey, Prcebably
the minimal acceptable guantity of gravel under such circumstances is
typified in the nssting site deseribed on p. 118 (Fig. 25e),

Second, it is concliuded frem sbudies of the mechanics of the
spewning acht, from the spawning bsbavior of the sea lamprey, and from
the distribution of spewning sites in the river, that at least some
current, passing consistently in ons direction over the nest, is
essomntinl to successful spawning., Very swift currents kinder or
preclude spawning and when it does occur under thess coaditicns,
many eggs are swapt beyond the nest which are lost through exposure,
abrasion and predation,

In the total absencas of either gravel of the specified sizss,

v currant, I have never observed spawning to take plsce and whers

s

iv]

3

-

ainimel gquentitiss of sither or bobh exist, I believe that the

success of spawning, measuvred in terms of haitched-fry production,

is very low,

The gusstion has been raised as to whether sea lampreys, blocksd

would spawn ¢on She gravelebsbitonm shools of the Great lakss preper,

do not, I do not believe that such spavning ceccurs. If it does oeceur,



the success of this spawning must indsed be wvery low, Nest construction,

lamprey roflects a positive orisntation to this sconsis

surrents Shoal ereas of the Great Lakss freaquently possess.a biw
directinnsl, or reversing, wabter mcvement induced by wave action upon
the shore, I cannot se2 how an ebb and flow water movemsnt {or still

weter) could slici Tne pre s wonorn réspens in Lamp
ter) 1d elicit the pr ablv normal es in the lampre;

which would result in an effectiwe nest coustruction or spawning sct,
I velieve such water action would inhibit both of these activities,

Purthermore, in the shallowest arsas of the lake shoals, one to three

2

foet in depth, which are comparadbls to the depths selescted in streams

by the lampreys for spawning, the abrasivs sction of grawvel particles

iy

-

continually shifting under the impotus of erratic water movement would
grind any egzs that had been spawned to bits,

(5) Pcstnspaxding behavior,--Following the complstion of

spamning, spent females were observsd to drop away from the nest

pte

alnost iImmediately, drifting downstream to die in guieter eddies or

the deeper poclss Experimentally at lsast, they disd much more rapidly
after spewning than did the males,
raceways where ammocoebs productlon was studied,
eling bo the nest for one to three days alter spawaing is completbsd,

onl

dropping downsiream when completely spent physically and very

£

<

near death, Such spent males curled themselves in ths desrest de

pression of the fioor of the nest whers they recaived the most




hey clung motionless to & piscs
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typisal, that spent individuals were readily spotted on the spawning

badss

¥alss and downstream and 0o longsr possessing
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ths strengbth to swim against the current, generally moved tail-first

with weak owimming movements sgainst the current, Even at this stage,

")

d a

t}

&

¥

ey still retein ositive response Lo the stream current

)

Py

(6) Adulte prevented from spawning.-=-A preceding discussion

considers one possible fats of sea lamprsys prevented by barrier dams

from reaching suitabls spawning areas in streams, i,8,, they might

spawn on gravel shoals in the la

considersd wmiikely, There is ne positlve evidence to date that a

[l
[

verzion of such runs to other streams slong the shorsline, with
accessible spawning areas, occurs.

A 1imited amcunt of sxperimental svidence suggests that migrant
tlocked from stream spawning areas and finding no suitabls sites in
ths estuary or lake precpsr, die without spawning.

In 1947, 50 migrant ses lempreys (30 males and 20 femalss) were
taken from the Carp Creek weir on May 20 and 2, and on June 15, and
placed in livewcrates anchored in Qegueocce Iake at depths of two o
four fest, Ten lampreys were placed in each of five compariments
which averaged about one and one=half cubic yards of space apisce,

An sgrivalent nmumber of 8- to lleinch black bullheads wers placed

the imprisoned lampreys)s The botioms cof three comparitments wers of
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wood, perfectly smooth, and of the remeining two, wood covered with
a layer of silt and sand, ILake water tempsratures at the depths ine

dis

{.x.

aated varised from 5%° F. to 75° F. during the course of the sxpsriment,
Initially, all imprisonsd lampreys were vory restless and moved

about elmost continuously searching for a wey cub of the crate, This

rostlessness became very proncunced on Juns 25, Between then and June

28, 12 males and 5 females died, Between the latter dats and July 3,

G males and 15 females likewise dieds Of the remainder (all males),

3,

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

~\Jc

milt, anatomical end degenerative changes among these dead svecimens

=l

sro comparsble with those changes noted among spent sea lamprevs,

£y

I

The ecolor of the liver, the dezres of reduction of the digestive trast
» 1S3 ) ]

the loss of vision, and the slcughing off of areas of the skin werse

fede

211 similer (subsequent discussions treat in mors detail upon thass
hanges among migrant end spawning individuels).

A logieal eriticism of this experiment ies that the specimens

were held et relatively high water temperaturss which were atypical

&

of the conditions they might have enjoyed if they had fallen back from
a barrier structurs inte the leke proper. Furthermore, these higher
temperatures may have accelerated their demise or hindered & possible

racovery from the snatomical changes accoempanying sexual maturity,.

However, four migrant adults were taken from Carp Creek om May 29,

4

1647, and held in rwning water aguaria at the Oden State Fish Hetchery.,

¢

Ths water temperaturse in thess aguaria averaged L9° F, and varied




from ,8° F, 4o 52° P, Either suckers or trout were plsced in the aguaria
with the sgecimens,%9

The leampreys werce very active for sevsral days seeking = way out
of the tanks, Thereafter, they quieted down and were never active
unless disturbed, At no time did they atfack either suckers or trout
placed.with them, Three specimens were killed on June 12, June 28,
and August 5, respectively, and examined, Liver color and reduction
of the digestive tract in the latber two specimens were comparabls
with that of spent sea lampreys, The fourth lamprey died on September
3 bearing no evidence of a recovery from the degensrative changes
sccompanying sexual mabturity.

This slender evidence suggests that colder water temperatures
merely prolong the existence of an organism that, if barred by
circomstances from the climactic act of its life cyele, is desitined

to die when it has burned up its reserves of ensrgy.

VI, Physical degeneration of migrants and mortality of

postespawning adults,.

Although the preponderance of evidencs presenied by sarlier
investigators voints rather conclusivsly tc ths death of the ssa
lampreys after the completion of spawning, doubt is still expressed
in some quarters as to whether this actually occurs, Surface {18993)
and Gage (1928) noted an anatomical degeneration of the intestine
(and liver; Gage, 1928) among migrant snd soawning populations of
lampreys of this svecies, Surfacs likewise noted a tendency towards

blindness and a sloughing-off of the epidermis among postespawning

{9/ Experiment conductsd and observations by Mre. R, F. Sharkey
of the Oden State Fish Hatchery,




"minute ova® in the

adults, Both writers refer to the absence of
ovaries of spent females as evidencs that the lampreys spawn but
once and then die,

If sea lempreys die after spawrning, one would expect to find large
nimbers of desd, speut fish near the spawning grounds, Howsver, this
is not so; such fish are not seen in shundence. Surface (1892) attributed
thig dearth to the faect thet me:t dead znd dying lampreys were deposited
in the deeper, silted pools of a stream and to ths fact that immediately
after death, the lampreoys decaysd with great rapidity under any circume
stances, An experiment performed by Surface confirmed these contentions,
Both Surface (1890) and Gage (1928) noted instances where the presencs
of ths long, tape-like, persistent ro%ochord was the primery evidencs
in the stream of a postespawning mortality of adultss

Gage (1928) performed experiments in holding speawning sea lampreys
under various conditions favorable to their rscovery and observed that
all specimens ultimately died, The most conclusive evidence of mortality
in spent lamproys was presented by Surface (1899) for a spawning run of
lampreys in a New York stream. He reported that only dead or dying
sez lamprevs {(often badly funzused and barsly slive) drifted d?wnstream
to & weir and trap operated on the inlet of Cayuga Ilaks, New York,

AlL of my evidende, from both field observations (direct svidencs)
end anatomical studies (indirect evidenca}, collzeted during the present
investigations confirm the comclusions of Surface (1899) and Gage (1928),
that sea lampreys die after spawninge They also show that the sea
lamprey in Michigan waters undergces‘profound gnatomical changes with

the advent of sexual meturity and the spawning migration and dies after

spawning cnce,




Observetional or direct.evidences to support thess statementé
are of two types: thoss derived from observetions oz the spawning
grounds and those obtéined in connection with ths speratioﬁ of saa
lanprey weirs and traps.

During the 19L7 and 1948 seasons, sea lamp ey spavning activity
wes shudied in detail in the Oequeoce River watershed, During and after
the peak of spawning activity, spent and dead or dying adults could
glways be found on those spewning grounds whers thorough examinaticnm
was possible, Admittedly, spent and dead sea lampreys were never very
much in evidence to the casual observer but a sareful search under
brush tengles, in sloughs, backweters and in the desper silted pools
revealed many that would ordinarily escepe the inexperisnced eys,

Cne day's observations should suffice to illustrate this, On Junse

2h, 1947, 2 Q.6-mile stretch of the Ocgusoc River was carefully
censused for spawning snd dead sea lampreyse OCf 19l individuals seen,
155 were cccupied with spawning activity. The remeinder, 39 {20,1
percent), desd or'vary nearly so, were picked up in guiet water or

in locations where their bodies would catch under or against logs,

brush eand stones. Furthermore, an investigaticn of the deeper, silted

pools revealed the presencs of meny dead lampreys in sdvanced stages

of decey which, tecsuss of fragmenteticn, could not be counted., The
remaing of most desd sea lampreys present in the watsrshed lay at the
bottom of these deepsr pools., The depth of the pcols {meny to 10 feet

weter of the
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or more), the iver, end & very rapid silting.

\

3

over and decay cf the bodies &ll combine to corcesl from the obsszrver

o

the meny desd individuels deposited there by the river current,




RZ
7

-1/

on

-

In pools, particularly below mucheused spawning rifflss, dredging

activitiss produced mumerous whits, tape-like shHructures; on comperiscn
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rey notochords, These notochordal
were all that remeined of decayed ses lampreys. These persistent

structurss were 2lso found eaught zgainst brush snd other snags in

A contributing facter to the paucity of cbservable desd in ths

By

shallower waters is the secavenging sctivities of the gulls as has beer

-

neted in & previcus section of this study. These birds pick up many
of the desd and dying thet mizht otherwise s rsadily visible o the
umsn eyee

These cheervations, although dirsc
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ses lampreys dis following spsevming, do 2ot refubte the contenition that

perhage some individumls recover to spawn ir sncother seascn. However,

"(_/

the cperation of ths Oequece River weir in 1945 which has been reported
upon by Shetter (19L8) offers excellent testimony that very few if any
recover from the spawning sacts Thie voirt hes not been elaborated by
Shetter, A weir and treap was operated in the Ocquece River from April
22 to July 15, 1945 The river cvertopped the welr cn April 25-28

and agein, during the peek of migraticn, on ¥ay 28.June 6, Althcush
1,608 ses lempreys were tranped, an escapsment of perhaps L0 percent

of the run cccurred, Thoze thaet passed the welir were observed spavning
gubsequently ir the watershed, During the entire pericd of effective
operation of the weir (June A-July 15) following the second over-topping

of the structure, only 29 sea lampreys were taken moving downstresrn,




The inclusive dates of operation ellowed emple time during this
interval for most, if not all, of any adulis thet hed recovered frow
spgyming and were retuvrning to ths lake, tc have reached the weir,

Furthermore, although the 29 downstresn migrants were not sxamined to

datermine their condition, I have reascn to bslieve that they wers

merely upstreem migrents moving arcound within the sonfines of
streem while seeking a place to spawne Data collected in 1GLB during

the freguently interruptsd operation of the dam end trep in the Carp
Iske River {Bmmet County) supports this contentions

In addition to ths preceding ctservetions, date obisinzd fron
an examination in the laboratory of migrant and spavming sea lsmpreys
offers further supporiing evidence, cf a less dirsect nature, cn the
rostbespovming mortality of adults,

Tirst, it hes been concluded from o study of the ovaries of
both unspawned end spent female sea lampreys that the maturing eggs
greetly ocutnumbered the undeveloped ones presert whieh would have
enabled the female to spewn agein in another yser, Furthermcre, no
germmcell stsges were found to be present in the overies of the spent
females exemined (Applegate, Lu.;.%;"

Seccondly, a group of ocbserveble manifesteations of a physical

cegeneration of migrant snd spawning adults was noisd

Jde

r all szecimens
szgmined, Although these phenomens cf decadsnce are discussed separately
uncer following subheadings, they should be considersd in the light of
their cumulative effect upon the individual ses lamprey in order thet

their significance can be apprsciated fully

o

L1}

Y Applegate, V., Cs Sea lamrrey investigations, 2. Vg
development, maturity, egg oroducticn, and percentage of unspawned
eggs of sem lampreys, Petromyzon marinus, csptured in several Lake
Huren tributaries, (I.F.R, Repts #1161)e




(1} Progressive blindness,-=All ses lampreys thet were found

e

spent and dying upon the spewning grounds were guite blind, The corness

P
fube
52

&%

¢f the eyes of these specimens had lost their sharp, clear qua
and were quite milky or cloudy in appearence, These individusls wonld
respond weakly to tactile stimuli--never to visval ones, The orset of
this condition was first noted durirg and afiter the peak of spawning
activity when it was observed thet nearly ail of the spswning adults
nearing the completion of spawning were already blind, As the terminstion
of the spawning pericd approached, blind individuals were found in
prégressively less advanced stages of their spawning sctivities, At

these times, the cbserver could stand sstraddls 2 nest in which a

peir wore spawning and place the fingsrs of one hand on each side of

the head of one of the spawners e&s if to gresp ite No response or

ewareness of the observer's presence wes elicited wntil e physical

contect was mede with the lamprey's heed or body. Only then d4id the

All of the stragglers which composed the end of the Carp Creek
run in 1947 displayed some evident loss of visions In sevsral of the
migrants taker during the month of July, the eyes were alrszdy milky=
white and opaque and these specimens did not respond to visvel stimuli,
This was likewise trus of the late migrants captured in Ocquece Lake
during July of the same seascn,

daylight hours

[

L general increase in migratory gctivity durin

(]

as the spawning season progresses has beer ncted previously, The ine
crease in activity during the daytime is much more pronounced con the

spavming grounds during the same period and is climexed witk equal




‘ spewning sctivity occurring at all hours of the dey end night. It

appears that loss of vision parallels ripening of the gonads, thet it

[

progresses ir severity es spawning time appreaches, and thet it oculminates

in total blindness by the time arn individusl is spents Other svidence

indicates that loss of vision occurs more rapidly among late migrants

then smong early ones,

(2) Loss of epidermise~=In all dying and freshly dead sea lamprsys
it wes observed that large, irrepular petches of outer skin had been lost,
With the layer that hed been sloughed-off, wenlt its mucocus coating and
the pigmentation of the veriety of spawning coloretions which cccurred,
The deeper layers of the integument which were exposed were 2 dull,
bluewblsck in coler with a vague overprinting of the charscteristic
black mottling. Those areas upon which the oubermost leyere still

‘ rems.ired could eesily be demuded of their covering by o firm stripping
sction with the hand,

Skin loss was first noticesble in midebreeding ssascn among live
sdults which were nearing the completion of spawning. As the spavning
period progressed, increasing numbers of individusls were found on the

nests whick disnlayed scme loss of body covering, At the close of the
seascn, 21l adults cbserved at the psek, or later, of their spawning
sebivity had suffered a similer loss, Among live individuals, the
most noticesble loss of sareas of the skin was found among spent meles
These meles cherscteristically cling to, or remein in the bottom of,
the nest for a varislble period follewing the cemplétion of spawning.
On observation, it seews hardly possible that these meles, with their

iifeless behavior, with white, opacue eyes and with scaly, broken skin,

could still be alive or sould live teo spawn againe



Much of this loss of bedy covering may be attributed to abresion
ageinst hard botbtom materials during the viclemt exertions of nest
building and spswning. Among the femeles, further scarring and abresiom
of the hesd region occcurs from ths mele grasping her in thet region with

his mouth during each spawning act. Since there is no evident ropsir

or reviasement of the lost lavers, the scarring effects of all sbtraiding

Y

sgents sre cumlative, Some dying individuvals were found almost completely

denuded of the ocuter layer of skin, These conditions rendered the ses
lampreys very vulnerable to attack by water molds and meny of them
displayed visible evidsnce of fungus infections,

(3] Degeneraticn of the digestive tract and changes in the ccler
of the liver,=-Two phenomens are readily apparent in the dissection of
ses lsmpreys collected during the entire season of migration end spaming.
One is a series of chenges which occour in ths color of the liver; the
cther is a striking redustion in the size of the digestive tract,

The liver of sexuslly immature and actively feeding sdults is
normally a pale reddishe-crange. Among male sea lsmpreys the livers
of the earlisst migranbs still retain this cclor, However, as the
migretcry seasor progressss ancd the run hecomes composed of individnels
in more advenced stages of sexusl meturity, a series of color chemges of
this orgen become evident, Succsssively, the cclor of the liver bscomes
orange-vellow, sometimes mottled, sometimes of 2 uvniform intermediste

. Iy

shede; vellcw; yellowegreen, sither mottled or of a wniform intermediate

~

srhade; and, finally, a bright, light green, The livers of virtuslly
81l migrants examined during and after the pealk of the spewning run were

:

n advancsd stsges of change; the cclors sccurring were ysllow, yellowe

e
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green, or light green. The color of the liver ef all spawning and
spent manles examined was‘light green,

The liver color of the earlieét migrant females likewise was
the reddisheocrange characteristic of the organ in sexually immature
adults, although it waé of a somewhat darker shade, Changes in the
color of the liver with increasing sexual maturity differed from those
of the males and were less elaborate, The liver in migrant females eon
successive dates became: reddishebrown; brownishegreen, either mottled
or of an intermediate shade; and finally, dark greemn. In the latter
half of the run, all females fell in the latter two éolor categories,
The livers of all spawning and spent females examined were dark green
in color.

These color changes of the liver are very pronounced in character
and differ so distinectly between the two sexes that accurate sex
determinations can be made upon sexually maturing or mature adults
solely upon an examination of the celer of this organ.

When the above observations were made, records were obtained
of the stage of sexual maturity, color of the liver, and intestinal
and rectal diemeters of 478 male and female sea lampreys collected at
intervals throughout the migratory and spawning seasons. These data
are presented in Tables 20 and 21, sexes separately., The proportion
of individuals displaying the ocolor changes described above at various
times during these periods may be derived from these tables,

The direct or indireet causss of these color changes in the liver

of the sea lamprey are not known, Surface (1899) noted that the livers



Table 21, Sexual maturity, color of liver, and intestinal and rectal diameters of 190
migrent and spawning female sea lampreys from Carp Creek, the Ocquecc River, and Oecqueoc
Leke, Presque Isle County,.

Color of liver

(Number cf specimens) Diemeter of Dismeter of
Average Reddish= intestine rectum |
Dates of Migrant Number total brown; (in millimeters) (in millimeters) |
eollection or of length Number with gonads Reddish- Browne Dark Minie Aver- Maxie Minie Avere Maxia
(1947) spawning specimens (in inches) Firm Soft Ripe orange green green mum  age Tum  mum age mum
May le5 Migrent )i 18.2 1 2 ceo oo 9.5 10.8 12,0 8.0 9,0 10,0

9 ese 7.0 9.0 10,5 5.0 6.9 75
3 740 7.0 7.2 L5 5.3 6,0

¥ay 1ll-15 " 21 17.% i 7 1 eeo (1040)  cee  eee (8e5)  aee
T 8 see LI-.S . 7.8 12,0 )4-05 6.L}- 905
12 35 L8 6.0 20 3.9 5.5,
e
May 16—20 " 12 17.8 12 eee XY} 3 eee 5.0 6.3 7.5 305 . L|.02 lLoE\é
9 3,0 L1 6.0 2.5 3,7 6,08
M&y 20—25 n 1le 18.1 8 2 (XX 5 [ XK1 5.0 508 700 5.5 Ll.o3 500
5 562 L.8 6.5 3.0 3.6 L.5
June 1-5 n 28 17.3 28 tee ‘ooo 5 oee LI-OS 50}4 6.0 h.O )4-03 500
23 3.5 Lé 5.5 3.0 3.6 LS
June 6-10 n 15 17.1 1)4. 1 XX 3 s00 500 507 605 Ll-oe )4.07 600
12 2.5 3.6 5.0 2,0 3,0 L0
June 11-15 " 32 16.7 18 13 1l 3 (XY )4.00 LI-OS 5.0 3.5 308 ).|..0
29 15 3.1 55 1.0 25 kO
Jume 16-20 " 32 16.5 9 23 XX’ 2 see )445 L|..8 500 305 3.8 LI-QQ
_ 30 1.5 3.1 5.0 1,0 2.5 Lo
June 16-20 Spawning LI. l7oL|. XY oee )4. )-I- 2.0 2.1 2.5 105 108 2.0
June 21‘25 Migrant 3 1}407 ese 1 2 ’ 3 2.5 300 505 2,0 2.7 3.0
June 21.25 3pawning 8 15,0 ee 8 8 1.5 1.9 2.0 1.0 1.5 2.0
June 26-30 Migrant 2 165 .es 1 1 2 3.0 3.0 3.0 235 2.5 2.5
June 26-50 Spawning 6 - 15.2 see ece 6 6 105 2.1 205 1.5 1.8 2.5
July 10-15 Migrant 3 1508 ' 1 Xyl 2 1 XX es e (500) coe Xy (205) see

2 2.5 2.5 245 240 2.3 2.5

Total 190




e

Table 20, Sexual maturity, color of liver, and intestinal and rectal diameters of 288
migrant and spawning mhle see lampreys from Carp Creek, the Ocqueoc River, end Ocgqueoc

lake, Presque Isle County.

Color of liver

“Diameter of

Diameter of

Average (Number of specimens) intestine rectum
Dates of Migrant  Number total Orange, ellow, (in millimeters) (in millimeters)
collection or of length Number with gonads Oranges Yellowe Minie Aver= Haxie Minie Aver- Maxie
(1947) spawning specimens (in inches) Firm Toft  Ripe yellow  green Green mum _&ge mum mum age  mum
Mﬂy 1-5 Migrant 25 1707 25 xx soe 21 o0 oo 6.5 8.0 10.5 )-l»o5 6.1 8.0
) ) )-l- eece LJ-05 6.3 8.0 3.5 )-J»QB ) 600
May 11-15 " 51 170’-‘- ) 31 eee eve 15 soe sece 5.5 7.L|. 12.5 )-l.05 6.2 11.0
12 cee  L4eB 6.0 8.0 L0 5.0 T0
L|. )4..0 5.0 605 300 hol 505
May 16-20 " 2’-‘. 17-3 2L|- XX sce 10 XX see 6.0 7.5 10.5 h.o 6.0 9.5
10 eee L5 5¢5 70 3.5 L.5 6.0 ,
L 3.5 L9 6.5 3.0 3¢9 5.0 &
g
Ma-y 20-25 " 23 17.9 23 eve eeo 11 oo X 600 6.7 7.5 L|..0 5.0 505 i
L ..o 5.0 Sel 55 Ls0 LS 5.0
8 5.5 ).I.ol}. 500 300 30)4 )405
June 1-5 " 50 17-1 50 X oo 7 ece oo LI-.S 5.6 7.5 305 LI‘E 6.0
17 e 5.0 505 6.0 305 LI-Q5 500
26 2.5 L 5.0 2.0 3 Le5
June 6=10 " 28 17.) 25 2 l ... 9 XK )-1.05 506 605 )—ho )-1»08 600
19 2,0 33 5.0 15 2.7 LB
June 11-15 " 39 1607 38 1 eew 1 see oo ece (500) oee X ()-I-.O) XX
12 cee )4.0 Ll-oh- 5.0 3.0 3.7 )4..0
26 1.5 2.9 560 15 25 L0
June 16-20 n 30 1600 29 l oes XX 15 oo 300 LI..O 5.0 2.0 3.3 )4.0
15 2.5 2.2 Lo 2.0 2.8 L.0
June 1‘6-20 Spavming 11 15.6 . XX eoe 11 ese ece 11 105 2.0 2.5 1,0 1.6 2,0
June 21:-25 Migrant 5 17.3 5 ses Xy 1l ece see oe . . e . . ‘
| o R I U R H K
1 wee (200)  eee eee (2.5)  eee ]
Jume 21-25 Spawning 7 16,5 ese oee T sce eec 7 2.0 2ol 265 1.0 1.8 2,0
June 26-30 |
une 20-30 Migrent 3 15.7 3 oo 3 3,0 3.5 Lo 2.5 2.8 3.5
June 26-3C Spawming 11 16.2 oo 11 ... eos 11 1,5 2,1 2,5 1.0 1.7 2.0
July 10‘15 Migrant 1l (]J.J@?) ess ece 1 e ev e 1l s (2.0) Xy ece (200) °ca
Total 288
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of spent specimens were gresn in color and ascribed it to a goneral
accumulation of cataboliec wastes. It_has been suggested that these
color changes result from fhe successive accumulation in the liver ef
dominant qualities of the bile pigments (bilirubin, urobilin and biw
liverdin) following conversion from one to the other by either oxidative
or reductive processes. However, the sequence of reactioms thaf would
necessarily be involved seems somewhat irrational., Certainly, these
color changes in the liver signify a profound alteration in the normal
metabolism of the orgenism which perhaps, is associated with the
sexual maturing process. They further signify, if not an actual dee
generation of this organ, at least a serious, and possibly irreparable,
impairment of its normal functioning.

An "atrophy™ of the digestive tract of migrating and spawning
sea lampfeys was“reported by earlier workers (Surface, 1899; Gage,
1928); I too observed this condition. Specifically, it was noted that
with increasing sexual meturity and associated cessation of feeding,
the diameter of the digestive tract gradually decreased until, at the
time of actual spawniﬁg it was reduced to a mere hollow thread, one %o
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 regional
differentiation of the traet, present in higher vertebrates, is only
obscurely indicated., Anteriorly, a short gastral or stomach zone is
present; posteriorly, a short rectal zone is more readily distinguishablee
Betwesen these lies the "inﬁestine" which may be identified by thicker
walls and greater stqucéural rigiéity than the other zones possess and

by the presence of a typhlosole,




~140-

In order to demonstrate the reduetion in this ergan, measurements
were made of the diameters of the intestinal and rectal zones of the
digestive tracts of 478 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 migratory season and upon the spawning beds. These data are presented
in Tables 20 and 21, sexes separately. For each séx, the range and
avei'age of intestinal and rectal diameters have been tabulated first
by date of collection and as to whether migrant or spawning sea lampreys
were examined. Secondly, these data have been further subdivided and
grouped according bto the color of the liver of the specimen eoxamined as
it was observed that the latter phenomena was the most simple recorded
measure of the individual's degree of sexual maturity., The wvalidity of
this association may be verified in the striking correlation between
the two changes (Tables 20 and 21),

A spawning z;un, as it progresses in time through migratory and
spawning periods is composed of individuals in inereasingly advanced
stages of sexual maturity. Among the earlisst 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 Lol millimeters. Further
reduction occurred during the journey upriver and upon the spawning
gromds, The diameter of the intestine of specimens collected while
spawning never exceeded 2,5 mm,; they were occasionally reduced to a
diameter of 1,5 mm., Rectal diameters were consistent throughout in
their progressive reduction, like those of the intestine, although

invariably somewhat lower in value,
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It is important to note that these diameter measurements represent
only & partial measure of the decrease in the digestive capabilities of
the intestines of the specimensg studieds As will be subsequently demone
strated, an increasingly greater amount of potential digestive and abe
sorptive surface of the intestine is lost with each small decrsase in
dismeter. The word "potential®™ is used advisedly since my studies indi-
cate that no feeding takes place during the time im whieh this reduction
is oecurring,

Crossesections were prepared from the mideportion of the intestines
of a series of sea lampreys to determine more precisely the changes in
gross structure and histology which occurred during its reduction in
gsize. 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 intestional sections
from 20 specimens taken before and during migration and during and after
spawning were examined.

With the exception of the sexually irmature specimens, intestines
were removed from live material and preserved in F-A-A solution. Sections
were imbedded, cut at 10M and stained in Earris" Haemotoxylin and Eosin,
A series of photomicrographs of these sections were prepared for selected
specimens (Figs. 29-37).

The intestine of a sexuwally immature adult is circular or ovoid
in outline; its lumen is Ueshaped. Into the lumen projects a typhlosole
which commences anteriorly on the dorsal side of the intestine, deseribes
& pertial spiral, and terminates on the ventral side. The typhloscle
does not extend more than half way across the lumen. It carries both

an artery and a larger vein. Many slender, closely-spaced longitudinal
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folds or rugee arising from both the walls of the intestine and from
the typhlosole likewise project into the lumen (Fig. 29).

The intestine is eovered with a visceral peritoneuﬁ (serosea)
composed of both simple and stratified squamous epithelial cells in
different places, Beneath this lies a relatively undifferentiated
muscular layer. The lumen is lined with pseudoestratified colummar
epithelial cells, which mey or may not be eiliated, and a variable
number of secretory cells. A mucosa of connective tissue forms a core
for each of the many ré%a and is present at the base of the folds also.
Meny small capillaries embter the rugae from the walls of the intestine,

Even among the earliest migrent sea lampreys, some constriction

of the lumen is evident (Fig. 30). As this cavity becomes more severely

constricted, the rugee become contorted end bent upon themselves (Fige. 31);

a part of the evident reduction in the lumen is due to erowding of the
folds as the intestine first shrinks, Following this, these structures
become inereasingly truncated end aborted in shape as the diamster of
the intestine decliness A fusion seemingly occurs at thé bases of

the rugae and many disappear entirely (Figs. 32-35).

In spawning sea lampreys the rugae are reduced, in ecross section,
to blunted, misshapen knobs. Many folds havs disappeared and some of
those that remain are broadly fused at their bases, At this, the most
reduced stage, the typhloscle, is almost devoid of rugae, and, with
its lerge artery and vein, dominates the lumen aof the intestine
(Figse 36-37).

Aside from a gradual loss in the volume of tissue present, no
specific changes were observed to occur in the histologic character

istics of the serosal and muscular layers. However, some very striking
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changes were noted in the structure of the epithelial lining of the
intestine, As noted previously, this tissue is composed of pseudoe
stratified columnar epithelium in the sexuslly immature asdult. It
wes found that a virtual retrogression of this layer occurred as the
gross changes previously recorded progressed, Among migrants in the
earlier stages of sexual maturity, more and more simple columner cells
formed the liring of the lumen apparently replacing the pseudo-stratified
columner ones, As meturity inereased and the intestine beceame more and
more constricted, the simple cell type increasingly dominsted the lining.
In subsequent stages the colummer cells became progressively shorter
and brosder, This wes culminated in those specimens, taken an the
spawning grounds, in which this lining wes composed almost exclusively
of simple, cuboidal cells.

Although reduced in number and size, the blood vessels and capile
laries retained & highly funetional appearance., This may be verified
by en exemination of the artery and vein in the typhlosole as found in
Figures 29+37. Furthérmore, veory few degenerate or dead eells either
free or attached, could be distinguished in any of the sectioned material
studied; only apperently living, if somewhat altered, cells appeared to
be present, No marked or progressively changing dehiscence of lining
cells into the lumen of the digestive tract was observed, These faets
suggest that the gemeral regression of all tissue layers present in
the intestines of sexuaily'maturing sea lampreys results from an active
autolysis, i.es, & reosorption and digestion of these tissues. It
seems entirely feasible that such resorbed cellular materiasl cculd be
utilized by the sea lamprey; subsequent to the time it ceases feeding
it must migrate often long distances upstream end collaterally must

complete the formation of its sexuwal products, and finally, must

construet its nest and spawn,
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It is within the realm of possibility that a regemeration of
tissues might take place in the intestine of a spawned-out adult,
However, this is deemed highly unlikely., I believe that the fumctional
charscteristics and the digestive capabilities of this organ have been
so severely reduced that such & regeneration could hardly oceur.

(4) Discoloration of flesh.--The flesh of sexuslly-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 of the migrating sea lampreys captured, it was foumnd that certain
localized areas of the flesh displayed varying amounts of a bluish
discolorations This discoloration occurred primarily in a band
immediately beneath the integument, along the dorsal septum and arocund
the median skeletagencus elements (notochord, etc.)s Furthermore, in
the mest mature specimens, a light‘bluish tint was/imparted to all
portions of the flesh.

I preosume that this discoloration is the result of the deposition
of catabolic wastes in the flesh comsequent to the decline in the
funotional eapabilities of the digestive tract and associated organs

of elimination.

VII, Some economie characteristics of spawning runs.

This discussion is not conecrned with the matter of control of
lamprey populations in the upper Great Lakes, but rather with the
potential commercial utilization of sea lampreys taken either by
control devices or by & possible commerecial 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 finamcially

impractical,
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The major uses to which sea lempreys, trapped on their spawming
runs, might be put are as foilews: (1) Foode<for humen eonsumption
or as animal farm (mink, fox ranches, ete.) or fish hatchery rations;
(2) reduction for oil, fertilizer, meal, or derived by-products;

(Bj reduction for medicinal products; and, (L) sele as biologieal
specimens, |

Certain of these uses have been tentatively explored and the
results are herewith summarized and discussed,

Preliminary experiments indicated that spawning run sea lampreys
were quite unpalatable, In 1947, 12 fresh sea lampreys taken from the
Carp Cresk weir were smoked by a Mr. Emil Plath of Rogers City, Michigan,
¥r. Plath has smoked meat and fish commereially for 35 years and was
partiealarly intereosted in determining if the lampreys would make a
saleable asmoked product, The results were discouraging. The smoked
lamprey flesh was streaked with black from the original blue dise
coloration of the flesh (accumulated waste products); its appearance
was wnappetizing and the texture of the flesh was séft or "mushy."

The most wnfortunate characteristic, however, was an aerid; unpleﬁsant
odor, characteristic of the lampreys but unlike the usual "fishy"
smell of other fishes, which the flesh gave off. This aloﬁe inhibited
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 wumpleasant dis
colorations ef the flesh after cooking; its texture was somewhat soft.
The taste of the flesh was not exceptional; its enjoyment was ob-
literated by the indefinable, acrid odor of a decaying lamprey which

was present even in the cooked materiale
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Even if a cooking technique were developed which would allay
the aforementioned odor, I believe that it would be extremely diffiecult
to market fresh lampreys either in the roumd or drawn, Over & period
of two years, the reactions of numerous laymen to the appearance of
fresh specimens were noteds The slimy skin, the snake-like appeareance,
end 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 mediecinal products
appears equally wunpromisinge. In 1947, at the request of Dr. Jobn Van
Oosten, six specimens were sent to the Fishery Technological Laboratory,
Seattle, Washington (U, S, Fish and Wildlife Service), for enalysis
of oil content and:bhe Vitamin A poteney of that oil, The results
of these tests are summarized in the following paragraph extracted
from a letter from that laboratery to Pr. Van Oosten:%?/

"With Vitamin 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 probably
be greater than the wvalue 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 umlikely that
the sea lamprey will ever be a commercial source of Vitamin A, The
only possibility would be to use the lamprey for reduction purposes.
The o0il thus obtained might be of a high enough poteney to warrant
its sale for its Vitemin A content,”

The greatest obstacle to developing any of the proposed or

tested uses of spewning run sea lampreys would be the excessive cost

of each pound of lamprey flesh producedes It has been demonstrated

12~ pata quoted with permission of Dr. John Van Oosten, In
Charge, Great Lakes Fishery Investigations, U. S. Fish and Wildlife
Service, Text of complete report is appended.
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that even large runs (in numbers) constitute a relatively small
poundeage of lamprey flesh, The sea lamprey rua in the Oecqueoce¢ River,
estimateé at 10,000 individuals, would have a total weight of 4,062
pownds, The latter poundage would produce approximetely 1,000 pounds
of meal and 68 pounds of oil, To produce this poundage would require
the operation of a weir and trap that would capture all migrants. This
trap must be built according to certain minimum requirements in order
to be efficient and must be in operation for three and one~half months
with a seasonal average of three salaried employees in econtinual ate
tendance. At present wage levels and costs of construction of such
traps, the cost of production per poumd is obviously out of all proe=
portion to the profit that might be derived from the products. For
example, had the trap been rwn 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 con#truetion and development
is distributed over a ten<year pefiod and added in, the cost per pound
of produced whole lampreys is raised to about $1.40., Each pound of
whole lempreys would produce one-quarter pound4of meal and/br 7.6 grams
of 0oile The costs indicated are those "at the pier," Additional
expenditures must be met for handling, ﬁransportatidﬁ, processing and
marketing,

In spite of these data, it is suggested that whole, frozen sea
lampreys be tested as supplementary rations for fish hatcheries and
animal farms, Such sales (or consignments within an organization)
and sales as biological specimens may in some small measure reimbﬁrse

the agencies expending funds for sea lamprey control,
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The picture painted bsr the preceding comments is quite dise
couraging. It is not intended to be so. It is merely an evaluation
based on present known facts and figures relative to spawning runs,
and the economic feasibility of the utilization of sea lampreys in the

mejor categories of uses noteds

INSTITUTE FOR FISHERIES RESEARCH
Vernon C, Applegate

Approved by A. S. Hazzard

Typed by M. J. Lembert
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APPENDIX I

Fishery Technological Laboratory
2725 Montlake Bouleverd
Seattle 2, Washington

August 7, 1947.

Dr. Van QOosten,

Institute for Fisheries Research,
Division of Fisheries,

Hichigan Department of Conservetionm,
University Museums Annex,

Ann Arbor, Michigen,

Deer Dr, Van Qosten:

, Reference is made to Mr. Applegate's letter of July 1k, 1947, informing

ug of his shipment of six frozen see lampreys te our laboratory. Om arrival,
the sea lempreys had an average weight of 188 g. The male livers had an
average weight of Li.7 g and the female livers had an average weight of 2.5 g.
The average weight of the egge in each of the females was L5.7 ge

The following is & tabulation of the results of our analyses:

Vitamin A Potency

Material Analyzed 0il Content Vitamin A Potency of 0il of Material Analyzed
- Millions of Units
Per Cent by Weight U S P Units Per Gram Per Pound
"‘Mele Flesh | 3.67 1000 0,0167
Female Flesh 1.76 1400 0,0112
Eggs 15.6 570 0.0kl
Male Liver 19.0 2100 0,181

Female Liver Sels 10000 0,215
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With Vitamin 4 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 probably be greater than the value of
the material separated. We recognize that a sample based upon only six indie
viduals may not be representative., However, evem 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 commercial source of Vitamin
A, The only possibility would be to use the lamprey for reduction purposes,
The o0il thus obtained might be of & high enough potency to warrant its sale

for its Vitemin A content.

Yours very truly,

Bruce Sanford,
Chemiste.

cc: Mr., Vernon €, Applegate.
Dre. Ao S. Hazzard.
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