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INTRODUCTION

Lake Washington has been the ohject of infensive
stady in recent years (Corita, 1953, Anderson, 1954;
Kdmondson, et al., 1956; Comits & Anderson, 1959;
Sbapiro, 1960; Edmondson, 1961, 1962, 1964, and
1965; and others). These studies have been primarily
concerned with the chemistry and plankion of the
lake; the bottom fauna has remained almost entirely
unknown. Thus the opportunity was presented fo
spproach a relatively unexplored community with the
benefit of a considerable background of hasie limno-
ingneal data and knowledge.

There is no seareity of studies on the hottom fauna
of lekes, although knowledge of this group does lag
behind that of the plankton and fish. However, most
dudies either consider the bottom fauna en masse,
often as part of a survey of the fish food of a lake,
or consider in detail only a fow species or a single
taxon,

With & single exception, this paper treats indi-
widually each and all of the species which make up
the macrofanna of Lake Washington, This makes it
possible £0 ascess the role of interactions between
species partieularly as regards the effect on spatial
distribution.  The paper stresses the contributions
mude by the individual speeies to the spatial and tem-
poral patterns of the bottom fauna as a whole, Bagie
life Wistory data, sueh as time of reproduction or
emergence and the sequence of the various life stages,
are considered in defail.

DESCRIPTION OF LAKE

Lake Washington has an area of 8762 ha and a
maximmm depth of 65.2 m with a mean of 32.9 m
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(Fig. 1}, It iz a long (30.8 ke north to south),
narrow lake (average width, 2.5 km} hordering the
ity of Seaitle on the east. There are 2 main inlets,
the Sammamish River at the north end and the Cedar
River at the south. The only outlet is the Take
Washington Ship Canal, emptying into Puget Sound
to fhe west,

The lake basin is a glacia) trough seulptured by
the Vashon ice-sheet, the last continental glacier to
invade the Seattle area, Execepting the aress around
inlets and hays, the hasin rises steeply from the lake
floor to precipitous blaffs 90 m or more in altitude.
The bottom topography consists of 3 principal ele-
ments: a wave-cut bench generally does not extend
farther than 200 m from shore and reaches a depth
of about 12m; the steep marginal slope descends to
the lake floor with a declivity ranging from 6 to 24
degrees and averaging approximately 14: the deep
floor constitutes the major part of the projected area
of the lake, averaging about 2 km in width, An east-
west eross-section of the lake basin outlines the shape
of a “W” with 2 hroad ridge rising to more than
10 m above narrow valleys at the bases of the margi-
nal slopes. Acecording to Gould & Budinger (1958),
this is effected by water cooling in the shallow bays
and flowing down the steep slopes, thereby scouring
the sediment at their hases. (For further details on
morphometry, see Gould & Budinger, 1958; Brown
& Caldwell, 1958,)

The bottom deposits are chiefly gyttja 2 to 15 m in
thickness underlain by an unknown depth of glacial
blue clay. The gyitja is thickest on the deep floor
and guite shallow on the steep slopes; often the blue
clay is exposed. At the north and south ends, silf,
sand, and gravel have been deposited by the ineoming
rivers,

Any discussion of the physieal, ehemical, and bio-
logieal properties of Lake Washington should include




80 Ruvorra N, THUT

& consideration of its reeent history. During the
period 1841 to 1953, 10 sewage treatment plants were
erected in the communities surrounding Lake Wash-
ington. Concomitantly, the amount of treated effluent
released into the lake increased. Up until 1943, only
0.3 million gal of efffuent entered the lake per day.
With the construction of the largest of the plants at
Lake City in 1952, the figure roge to 2.5 million and,
with the subsequent addition of a number of smaller
plants, rose to as high as 13.2 million in 1962 and
1963. The treated sewage has a high concentration
of nifrogen and phogphorus eompounds. TIn 1957,
over one-half of the phosphate phosphorns ineome
for Lake Washington was derived from treatment
plants.

This rutrient increase has effected changes both in
the species composition and standing erop of the
plankton community. In 1955, Lake Washington had
a bloom of Oseillutoria rubescens for the first time,
& species which appeared in Ziivichsee in the latter
part of the 19th century when similar ecultural in-
fluences were visited wpon this lake. The standing
erop of phytoplankton has shown striking inereases.
The mean standing erop in the summer of 1963 was
about 15 times the summer mean of 1950,

Although some members of the zooplankten have
grown more numerous in the period following 1950,
the increase has not been as great as that of the phy-
toplankton, This relative lack of success appears to
be due to a striking qualitative shift in the phyto-
plankton. In 1950, diatoms and dinoflagellates were
the dominant phytoplankton forms; flamentous algae
never contributed more than 35% fo the total algal
standing erop. By 1963, filamentous blue-green algzae
contributed as mueh as 989 to the total and the
wnicellular forms had actually deereased from s maxi-
mum of 3.0 % 10¢ p3/ml in 1950 to 1.1 X 105 in 1963.
It has heen suggested (Edmondson, 1965) that these
large filamentous forms arve less readily available as
a food source to the small filter-feeding zooplankters
than are the solitary algae. Consequently, there could
not have heen a corresponding inerease in zooplank-
ton numbers. Most of the benthie animals in Lake
Washington feed in such a manner that their numbers
may have been similarly limited.

The increase in algal production bas accounted for
& decrease in the conceniration of dissolved oxXygen
in the hypolimnion, partienlarly in the summer. In
1950, the oxygen concentrafion at 60 m never fell
below 5.7 mg/1; in 1963, it fell fo as low as 1.1 mg/1.

Due to the often disagreeable side-effects of an
increase in productivity and some pecoliar unpleasant
properties of Oseillatoria rubescens and other Cyano-
phyta, the sewage discharges were gradually diverted
to nearby Puget Sound. By 1968 this diversion was
eomplete. The absence of this source of nuirients
halved the total phosphorus income as compared to
the time when all treatment plants were discharging
into the lake.

Thus Lake Washington affords & unigue opportu-
nity to study the relationship between nutrient in-
eome and the production of the varions communities,
ineluding the benthic. The sewage diversions were

Eeological Monographs
Vol 89, No, 1

TapLe 1. The summer econcentrations of phosphate
phosphorus and dissoived oxygen at 60 m from 1933 to
1964 for Lake Washington.

Maximum Range of

Phosphate Dissolved

Phesphorus Oxygen

Concentrations Concentrations
Year /1) (mg/1)

1983........ 25 5.8-8.2
1950........ 23 5e7-9.0
1957. ... ... 89 0.0-6.0
1660, ....... 86
1961, ....... 87 2.0-6.0
1962......,. 78 3.9-7.0
19683........ 80 1.1-6.6
1964...... .. 87 2.0-6.9

begun in 1963; the study here reported took place
from 1963 to 1964. The phosphate and oxygen values
for this period indieate that the lake was siill in the
eutrophie phase of its reecent development during the
course of this study {Table 1}). Unfortunately, this
“off-on-off again” situation eannot be utilized to be
effeet with the bottom fauna as no complete benilie
survey was made before the influx of treated sewage.
The only reference to the Lake Washington benthos
prior to this study is found in the paper of Heheffer
and Robinson {1939), from page 138:

‘*Brief mentjon is made of the occurrences of cerfait
crganisms in samples of botiom mud brought yp with s
Ekman dredge. The lake bottom is composed of smooth,
very fine, gray to olive-brown silt, mixed with a salight
amount of plant detritus, blackened fragments of leaves
iir needles and twigs. Organisms screened from the
mudé inelude midge larvae, oligochaetes, a single specimed
of leeeh, a small molluse of the Sphaerium type, 1€
ostracod Candona, and the amphipod Pontoporein. 5““
were taken at depths of from 30 to 80 meters, MidE
larvae from 60 meters at Madison Park in all months &
the year were identificd by Professor O. A, Johannsent 5
members of the genus Proeludius, probably culiciforivt
a ecommon, widespread species. A few additional midﬁf
larvae from 30 meters at South Point were reported ¥
Chironomus, group decorus. Ostracods taken at 3¢ W%
ters off South Point in May were identified by Dobb¥
(1933) as Candona caudate Kaufmann, Miss Dob
states that this is the first recorded oecurrence in fM
United States.’”

MATERIALS AND METHODS

A franseet was sampled which runs from (o€
Cove due north to a point off the city of Kirkh®
{Fig. 1}. Ten stations were spotted along ihe tt'ﬁ‘*_
seet at 5-m depth intervals from 10 fo 55 m. Tg
range of 10 to 53 m includes about 78 %, of the tots
surface arvea of the lake. i

The stations were located nsing a fathometer f-‘ir.
reading landmarks on shore with a sextant. }“’“'
samples were taken at each station, using a 19
Elman dredge with a hexagonal frame for Sfﬂb’h&
tion. This is a modification adapted from that
scribed by Rawson {(1947) for use in deep watel-

The transeet was sampled over a year's time—"
tember, 1963 to September, 1964-—at approxid
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Frg. 1. Contour map of Lake Washington {intervals, 10 m). Outlined ares enlarged at right with Inca-

{ion of sampling stations,

monthly intervals. Open-water samples, taken at
monthly intervals in the period July of 1963 to J uly
of 1964, were made available by the University of
Washington College of Fisheries. These were taken
with an Isanes-Kidd midwater trawl of eross-section
303 ft* and aperture size 1.5 stretoh mesh to 00
plankton netting. The trawl was towed for a dis-
tance of a mile at depths ranging from 6 to 54 m.
With it, the pelagic phases of certain hottom organ-
lsms were recovered.

The bottom samples were brought back to the
laboratory and washed through a sieve of mesh gauge
0.4 mm. The sieve was fine enough to detect the
presence of the enrliest instars of almost all the ip-
stet larvae eneountered as well as the small early
stages of the ofber bottom erganmisms. This made it
possible to evaluate the . temporal sequence of the
various life stages. However, the densities of the
smallest organisms were cerfainly much greater than
indicated in the counts,

The samples, after washing, were stored in 109
iormalin.  To facilitate the sorting proeess, a few

drops of a 109 aqueous solution of Rose Bengal

were added to each sample. The stain is picked up
by exposed animal tissues, and a few plant tissues
such as Oscillatorin, and thus makes it easier to dif.
ferentiate the organistns from the debris.

A number of samples, such as those from the shal.
low cove, contained a large volume of coarse peaty
material whieh would not wash through the sieve.
Handsorting of sueh samples is long and arduous.
‘Thus the suerose-flotation technique (Anderson, 1959)
was utilized which exploits the density difference
hetween animals and most of the debris found at the
bottom of & lake. A few samples from a depth of 45
to 50 m contained a considerable amoant of sand.
For these, & shiice-like apparatus was employed
whereby the lighter plant and animal material was
washed free from the sand.

In additien to counting the animals in the sample,
a variety of biometrical techniques were employed by
which the populations were characterized. ach spe-
eies presents different properties hy which this can
he accomplished. The methods used will be discussed
in defail when each of the orgamisms is considered.
Lengths were obtained with an oeulpr micrometer or
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a mitlimeter rule. Representative animals were dried
to a constant weight at 60° C and weighed on an ana-
Iytical halance sensitive to a tenth of a milligram.

In the following pages, each species will be treated
separately, with the exeception of the specles of the
Oligochaeta. Two basie kinds of data will be pre-
sented for eaeh: distribution with depth and popula-
tion dynsmics through the year. For the purpose of
graphical representation, the points for the former
will be determined by deriving an annual mean at
each depth considering all the dates together; for the
latter by deriving a mean for each sampling date
eonsidering all the depths together, Thus each point
will ideally represent 40 separate samples, that is,
4 replieates times the 10 dates or 4 replicates times
the 10 depths.

SELECTED PHYBSICAL AND CHEMICAL DATA

Lake Washington is a warm monomietic lake whose
mixing period generally extends from December fo
April (Fig. 2). 1t is tightly stratified from June

4
¢

AT M s T AT s e w b

Fig. 2. Temperaturs at 10, 15, 20, 30, and 60 m for
1963 and 1964,

through September. As a rule of thumb, during
periods of stratification, the epilimnion includes the
upper 10 m and the metalimnion 10 to 20 m. Thus
temperatures at depths 0 fo 20 m vary considerably
throughout the year; temperatures at 30 m and
deeper are conservative aand low, 8 to 9° . The
temperature readings were invariably higher at 30
and 60 m in 1963 than in 1964; at 15 and 20 m, the
1964 readings were higher after the lake stratified—
reflecting the presence of a deeper metalimnion—but
otherwise were lower.

To test the relevance of temperatures taken from
the open water with a bathythermograph to the tem-
peratures encountered by the bottom organisms, mea-
surements were made directly by thermometer on
dredge samples for 2 dates and compared to bathy-
thermograph readings at the same depth. The mud
temperatares were eonsistently higher by about 1° C
with the excepfion of the values from the epi- and

Eaological Monogrsphy
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Tagrw 2. Total seston at 10 through 60 m in 1963 and
1964 for liake Washington (mean dry weight in mg/1)

Winter 19¢

Depth 1012013040 50 | 60
Date
14 Jan 63-30 Apr 63
(homothermal) 1.270 47,1107 .97
11 Jun 63-8 Oct 63
(stratified) 4.01{0.74]0.690.76(0.57
7 Jan 64-22 Apr 64
{homothermal) 1.78{1.72(1.75/11.68{1.78 e
17 Jun 64-6 Oct 64 Tl 1’
{stratified) 3.82/1.06(0.69/0.65/0.72 “'3(
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metalimmion where there was no consistent relation-
ghip.

When the lake was homothermal, the seston values
were essentially the same throughout the water
column—the readings were slightly higher at 60

probably reflecting the proximity of the flocculent ke discovope,
botiom (Table 2). When stratified, the values were MIght very we
very high at 10 m and very low at the other depths N extengiv,

Comparing the 2 vears, the values for 1064 were
higher early in the year hut nearly the same ence he
iake stratified.

Early in the year, the oxygen concentration at 30 m
was slightly higher in 1964 than in 1063; the revers
was the case in the latter half of the vear (Fig. 3V
At 60 m, the 1964 values were congistently and s
stantially above those of 1963. These ave open-wale
values and, sinee there is a microzone above the mud
surface where oxygen is utilized at a high rate, ¥ |
values relevant fo the bottom organisms will be som® ¢
what lower than these presented. However, th
should serve for comparative parposes.

foung in 1963
the Organigng
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On. The fact
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GENERAL SYSTEMATIC SURVEY

Following is the list of organisms recovered durié
the study period along the transect:

:"“lout 45% o
o ('(mtl'ibuted

were
ﬁﬁ‘!iﬁt(;rs ung

Arthropoda Fitigreg iz; d.epg
I A, £y size
H;;}i(;::‘em m’"f’mus Pluy
. . 17
Chironomidae _ on Oalopseag
Procladius culiciformis i * nlot of the

Chironomus plumosus
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SURVEY

recovered during

i g
Chironomis sp. {(nr, ferruginecvittatus)
Polypedilum sp. {nr, fallax)
Palypedilum sp.

Paratendipes sp. .
Glypiotendipes sp. (nr, lobiferus)
Oryptochironemus sp. (Harnischia group)
Cryptochironomus sp. (defectus group)
Calopsecira alridorenm
Calopsecira baused
Hydrobaenus {(Hukieffericlla) sp.
. Hydrobaenus sp.

« Ceratopogonidae

Trichopters
(ecelis sp.

Crustacen

Mysidacea .
Noeomysis awatchensis

Ampbipoda
Pontoporeia affinis

Annelida
Oligochaeta .
Tubifex tubifex
Limnodrilus hoffmeisters
Peloscolexr varicgatus
TNyodrilus frantsi
Hiradinea
Helobdella stagnalis {(and others)
Molluaca

Pelecypoda
Pisidium casertanum

Gagtropoda
Gyrauius sp.

A number of other organisms were found which
were too small to recover quantitatively. These in-
elude speeies of the Hydrozoa, Nematoda, Ostracoda,
Turbellaria, and Acari.

This speeies list is probably nearly complete for the
18- fo Bi-mefer zone for the whole of Lake Washing-
ton. A number of sarvey trips to other parts of the
lake discovered no new organisms. However, the list
pight very well have.doubled in size if the littoral had
heent extensively surveyed. The Hst of organisms
fonnd in 1963 and 1964 may very well inelade all of
the crganisms mentioned by Scheffer & Robinson in
1933 even after the process of artificial eutrephica-
tion, The fact that many more species were fonnd in
1963 thar in 1933 probably only indieates that many
more samples were taken.

Of the organisms found, 2 groaps were by far the
most common, the Chironomidae and the Oligoehaeta.
The Amphipoda and the Sphaeriidse, the other 2 of
the “four groups which represent the hasic pro-
fundal fatna of most lakes” (Welsh, 1935), were
present but in muech smaller nmnhers.

CHIRONOMIDAR

About 459 of the total biomasy of the study area
was contributed by the Chironomidae. Thirteen spe-
s were found during the study. They inecladed
predators, deposit-feeders, and filber-feeders: they
ranged in gize from the 10 mg of a fully-grown
Chironomus plumosus larva to the 0.06 mg of a fally-
grown Ualopsectra bouses larva.

The plot of the depth distribution of Chironomidae

Mean Numbers / M?

o 2000 4000 €000 8000
] 3 L I 1 H ]

numbars 2

Depth

] ) T 1 1 T I 1
0 300 600 900 1200
Macn Dry Weights (mg) s m2
Tie. £ Distribution with depth of mean numbers and
of mean dry weights of Chironomidze.

deseribed a hyperbolie eurve with the greatest num-
bers occurring at the shallowest depths (Fig. 4).
The inverse correlation between numbers of Chiro-
nomidae and depth may be due to a number of fae-
tors, inelnding eompetitive interaction with the Oli-
gochaeta, whose greatest numbers were found at the
deepest stations. However, one very important set
of factors is derived from the limitations Imposed
by a life cycle whieh ineludes a terrestrisl phase.
Sinee mating oeeurs near the shoreline, a female must
fly some distance if she wishes to deposit her eggs
over deep water. Hven if the eggs were deposited
over deep water, their ehances of heing preyed upon
should be greater the farther and the longer they
must sink. A lifetime later, the same will hold true
for the pupae the farther and the longer they must
rise. Pupae eonstitute part of the diet of the pelagic
Spirinchus tholeichthys, the long-fin smelt, which is
very coniinon in Lake Washington, and of the bottom-
feeding Cottus asper.

The plot of the depth distribution of the hiomass
ef the Chironomidae differed somewhat from the plot
of numbers {Fig. 4), The oceurrence of considerable
numbers of the very large Chironomus sp. (nr. ferru-
gineovittatus) at depths of 40 to 55 m sad . plumo-
sus at depths of 10 to 20 m aceounted for the deflee-
tion of the eurve fo the right at these depths. As
will be seen, the early instars were most often found
in shaliow water thus aceounting for the small mean
size at 10 m.

Each of the 13 species was tabulated separately.
The numbers of cach of the 4 larval instars typieal
of the Chironomidae and the namber of pupae were
determined.  ¥or some species, last instar larvae
which are nearing pupation ean he readily differen-
tiated by their swollen thoracie segments and these
were noted,  The instars can be reeognized by mea-
suring the hard selerotized head eapsules, Whereas
the soft hody of the larva gradually increases in size
as the animal grows, the hard parts ean incrense only
at timies of moulting when the exoskeleton is rela-
tively soft. Thus each instar has a head capsule of
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characteristie size which dess nof grow through the
duration of that instar. Further, the ratio of the
gize of the head eapsule of one instar to the size of
that of the sueceeding instar is nearly constant. This
eonforms with the so-ealied Dyar's rule which is
widely applicable in the Arthropoeda. Practically any
dimension or part of the head eapsule ean be mea-
sured for this parpose—head length and width and
labivm width have been most often used. In this
study, the head length was meagured. The range of
head lengths of one instar is quite distinet from that
of the suceceding instar. The ratios from one instar
to the next are generally hetween 1.5 and 2.0 and thus
the instar can be identified at a glance once a liftle
experience is gained.

Procladius euliciformis

Procledius euliciformis is primarily predacecus; the
larvae of this speelezs have been reported to prey
upon eladocerans, copepods, ostracods, tubificids, and
other chironomid larvae. 'The digestive tracts of P.
culiciformis were very often empty or nearly so in
contragt to the tracts of the deposit-feeders which
were invariably full Much of the material found
was of an amorphous character buf many ostracods,
cladoeerans, a mite, and three chironomid larvae
(third instars of both species of Hydrobaenus and of
Procladius itself were found in fourth instar indi-
viduals) were also noted. They were also diseovered
in the process of feeding on large pieces of plant
debris and on the cast sking of chironomid larvae.

Unlike most of the other Chironomidae, the larvae
of Procladius do not construet mud-tubes but actively
move about on the substrate searching for food.
Thiz was reflected for P. euliciformis in a number of
ways. All of their food items are found on the gur-
faece of the substrate; they were the only chironomids
frequently encountered in the stomachs of Cottus

O 20 40 %
O (1 ] [ i £
10
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Fic. 5. Distribution with depth of the percentages of
second, third, and fourth instars of Procladius eulici-
formis, To determine mean numbers per square meter,
multiply the percentages by the numbers on the right-
hand side of the figure.
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asper which feeds just over the bottom; lastly, they
were one of only two chironomid species whose lar
vae were found in the open water. Fourth instars
were found at a depth of 6 m in waler 55 m deep.

The depth distrilnition of each of the instars of
Procladius culiciformis, except the lst which was re-
covered in very small numbers, is presented as the
per eent of the total number found at each depth
sampled (Fig. 5). P. culiciformis s seen to have
been most abundant at 15 and 20 m bub fairly eom-
mon from 10 through 25 m and present at ajl depths.
A larger percentage of the earlier imstars was o be
found in the 10- to 20-m zone than the later instars.
All of the 1st instars were found between 10 and
20 m with & peak at 15 m. There appears to have
been a progressive shift, albeit a subtle <hift, fo
deeper water by this population. This shift ean be
demonstirated within a given instar as welll For
example, the mean length of 4th instars on any given
date was less at the shallower stations than at the
deeper.

There are 2 possible ways in which this progressive
shift conld take place: either there is & net movement
of larvae into deeper water or those af the greater
depths have a lower mortality rate. As already men-
tioned, this species was taken from the open water
with an Isaacs-Kidd midwater traw!l indieating ils
mobility. However, only very large last instary near-
ing pupation or pupae were found. It is conceivable
that the mesh size of the trawl was too large fo eap-
ture anything smaller but this is unlikely as 3rd it-
stars are only slightly smaller than the puapae
Rather, it would seem that these large-seale move
ments are associated with the emergence period
Turther, other species showed this same shift and
were not found in the open water. Smali-zseale move
ments in or just above the botiom could be respow
sible if there were some factors favoring those which
moved into the deeper water. Otherwise one could
assame that there was little significant movement bat
that those deposited in deeper water by the adel
females fared better. Intraspeeific competition could
have bheen responsible in either case. Those snioals
deposited in shallow water would be surrounded b¥
more members of the same speeies than those de-
posited in deeper water and hence at a disadvantag®

The time during which Procladius culiciform®
emerged can be estimated by noting the numbers ¢

pupae and of fourth instars nearing pupation (Fig

6). Pupae were generally diffienlt to find owing t
their short duration. A few were found from 19
Mareh through early May on the bottom, and in AP

and June in the open water, Larvae nearing pup¥
tion were more often encomntered and the pafter®

emergence ean best be derived by considering thes®
They zecounted for 14¢ of the total number of %
instars on the April-May sampling date; 20%
June; and 11% in July and Awngust. A very e
were found from January to April.  Allowing 2t
4 weeks for such larvae to reach the adult stag®

peak of emergence will be seen to have beer .
May threngh June and have continued to 2 esstl
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Fig. 6. Seasonal changes in instar and length fre-
quency of Procladius euliciformis, Numbers to the right
of instzy histograms are the mean lengths for a given
ingtar st a given sampling date. The numbers at the
top of the figure and the vertieal dashed lines designate
the size of a length class, e.g., 5 means 5.0 to 5.9 mun.

degree into Sepifember. The number of last instars
gradually decreased during this peried. In July,
there were a few very large last instars; in Angust,
their numbers were supplemented by animals, hatched
early in the breeding geason, having recently left the
3rd instar stage (note the striking drop in mean
length). 1st and 2nd instars appeared in fair nom-
bers in July. 3rd instars were sbundant in August
and September and, generalizing from 1963, were
gradually replaced by 4th instars which dominated
the pieture from November throagh June, In econ-
chusion, it appesrs that P. culiciformis had one gen-
cration per year with an extended breeding season,
Mareh to September with a peak in May and June.

Those P. culiciformis taken from the open water
were either pupae or very late 4th instars nearing pu-
pstion, The mean length of these larvae was consider-
ably larger than the mean length of those on the
bottom of any given date (Table 3), . Although as

LABLE 3. Numhber of Frocladius culiciformis and Poly-
pedilum sp. (nr. fallaz) reeovered from the open water.®

P, euliciformis P sp. (nr, follaz)
Mean : Mean
Date Time Mo, Length] Time No. | Length
July, 1963 night-FM 1 12min | aftern. l 13mm
night-FM 9 12,6
Aug. o aftern. 2 8.0
night-PM 4 1.2
Bept. 0 aftern, 9 12.8
uight-PM 11 12.8
Oet. [ [
Nov. L} eight-AM 1 4.0
Dec. 0 night-PM 2 13.0
Jan., 1964 i} i}
Feh. 0 Q
Max. il 0
Apr. night-AM 01y night-AM 2 11.0
morsing 2 13.5
May night-PM | 6 10.3 | motning I 11.0
night-PM 3 12.0
June aigh$-PM 1{43) 1.0 4
July night-PM 1 9.9 4

a Numbers in parentheses indieate pupae recovered. All larvae
recovered were lnat instars.

many trawls were taken during the day as during the
night, almost all the animals were recovered atpight.
It has been gemerally reported that emergence of
chironomids is highest in the hours of darknoss.

Chironomus spp.

The largest animals and the largest contributors
to the total biomass of the bottom famna were the
2 species of Chironomus. €. plumosus and Chirono-
mus sp. (nr. ferrugineovitiotus) ave closely related;
the only obvious difference is the presence of ventral
blood gills in ¢'. plumesus and their lack in Chirono-
mus sp. O, plumosus attaing a larger size {(fo 32 mm
in Lake Washington) than Chironomus sp. (to 23
mm), Doth gpecies can funetion as filter-feeders,
constraeting a salivary net across the lumen of their
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Chironomus sp. (nr. ferrugineovittatus) and ¢, plumosus,
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mud-tubes and undulating their bodies to creafe a
current through the tubes. The net picks up sus-
pended material from the overlying waler and the
net and its eontents are eaten. At might, however,
they may leave the tubes and feed on particulate
matter lying on the bottom (personal eommunieation,
W. E. Cooper, Michigan State University). Only
2 specimens were recovered in the open water with
the Isaacs-Kidd trawl.

Almogt all of the last instars of . plumosus were
found between 10 and 20 m; it is guite likely that
greater numbers were to be found at depths shallower
than 10 m (Fig. 7). Chirenomus gp. cxtended from
the deepest station to about 20 m. These distribu-
tions suggest that competitive interactions may have
been involved. . plumosus has offen heen reported
from deep water (Lake Simece, Pléner See) and,
indeed, has been found at 60 m, with no trace of
Chironomous sp., in Lake Washington (in 1962 and
1963 off Madison Park). Along the study transect,
only 2 samples were taken in which both species
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Fig. B, Seasonal changes in instar and length fre-
quency of Chironomus plumosus, Numbers to the right
of histograms are the mean lengths for a given instar on
a given sampling date,
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oecurred. The presence of the species without ventral
blood gills in deep water to the exelusion of a species
with them speaks poorly for the theory that main.
tains that these gills funetion in multiplying the
surface aren of the animal in order to facilitate gas
exchange in oxygen-poor water,

Only the depth distribulions of the last instars of
these two species are presented, The earlier instars
were to be found in small nwmbers and in a very
clumped dispersion pattern,
true of Chironomus gp.; 115 of the 235 third instars
recovered were found in just 2 samples and 74 of
the 117 2nd instars in 2 othexs.

The small number recovered of early instars of C.
pluwmosus makes the estimation of times of emergence
and egg-laying difficult.
and of the largest-sized last insiars throughout most
of the sampling period suggest that emergenee ook
place the year round (Fig. 8).
out by observations made in the field. The adulls and
pupse of thiz speeies are very conspicuous by their
gize and these were noted on the Oectober-November
and March-April sampling dates as well as during the

spring and summer,

months probably was not very-great.
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b1
h few pupae were recovered, the emergence
for Chironomus sp. 18 fairly obvious {Fig. 9},
s e period September thr()}xgh February, the
pasg of 4th instars deereased while the mean Jength
;A pupa was found in February and an
: g{,’eﬂ in the field in January. By the end of
ﬁé‘ﬁg smt ipstars were virtually absent. In June,
W’ 3rd instars were dominant; in July, 3rd in-
 and, By August, the 4th instars were most
@8 T yould appear then that Chrinomus sp.
o generation per year and the breeding

ingle
: _1’; :;I;fnded from September through March,
@@aﬁ@

g

Polypedilum spp.

The 2 species of the widespread genus Polypedilum

ce common along the study fransect. Their con-
w’;{‘i"ﬂ»ble rumbers and size made both of them impor-
:ﬁg contributors to the total biomass. Polypedilum
sp. (0T fatlaw) was 1 of the 3 eharacteristic species
W,_muntered af the deep stations.

These 2 gpecies construet mud-tnbes which pro-
urude o short distance above the surface of the sub-
grate, Anchored by their posterior prolegs, they
(xtend from these fubes and draw out salivary threads
with their anterior prolegs. The animals return to
their DRITOWS and the threads are dragged over the
surface of the mud snd are eaten fogether with any
particles which have adhered to them, The guis of
Polypedilum were generally filled with black, amor-
phous material.

Although most abundant between 20 and 30 m,
Polypedilum sp. (nr. fallaz)} occurred in eonsiderahle
gumbers at almost ail depths in Lake Waghington
{Fig. 10). Alikough not indieated in Fig. 10, there
was o tendency for the earlier instars of this species
i he concentrated at the shallower depths. The dis-
tributions for the 2nd and 3rd instars were essentially
the same with a definife peak ai 20 m. The 4¢h in-
stars were most abundant at 30 m. Tt would appear
then that there was a considerable shiff to deeper
water after the 3rd instar. The distribution of Poly-
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¥z, 13, Seasonal changes in instar and length fre-
queney of Polypedilum sp. (ur. fallexz}. Numbers above
and to the right of histograms are the mean lengths for
a given instar on a given sampling date. For additional
explanation, see Fig. 6.

pedilum sp. was nearly the same at all instar stages.
The 2nd and 3rd instars were concentrated at 15 and
20 m; the 4th at 20 m. PBoth speeles were common
between 15 and 30 m, however, only Polypedilum sp.
{nr. fallax) was found in large numbers below 30 m.
This was particularly true of the last instars of this
specles.

There was a lazge population of late 4th instars of
Polypedilum sp. (nr. faliax) in September of 1963,
their numbers decreased rapidly thereafter (Fig. 11},
Pupae were found on the September and October-
November sampling dates only. In January, 2nd
ingtars were dominant; in February, 3rd instars be-
came dominant and contimied to he so until June.
By Beptember of 1964, the population was in about
the same situation as the previous September. Emer-
gence appears to have occurred primarily from Sep-
fernber to November. However, the presence of st
instars and large last instars from February through

CAvgust sugpests emevgence at a lesser level through

this period as well.
Polypedilum sp. (ar. fallex} was the most com.




88 Ruporrn N. Twor

monly encountered ehironowid in the open water
(Table 3), espeecially in the sommer {July to Sep-
tember). Like Procladius cwliciformis, the larvae
recovered were all last instars nearing pupation. Un-
like P. culiciformis, larvae were captured by the trawl
in the daylight hours but in only haif the numbers
captured af night. Tt has been suggested that ehiro-
nomid larvae arve passively brought inte the open
water by water currents. However, almost all of the
larvae were taken from the open water when the lake
was siratified and when mixing could not reach the
depths at whieh most of the Polypedilum sp. (nr.
Ffallaz) larvee were found, Polypedilum sp. larvae
were not recovered from the open water,

The second instars of Polypedilum sp. were domi-
nant in September of 1963 but there was also & small
population of very large fowrth instars (Fig. 12).
The dominant role shifted fo the 3rd instars by the
October-November sampling dates and remained as
such until the April-May sampling dates. The 4th
instars were most abundant thereafter. By Septem-
her of 1964, » considerable number of 4th instars was
still left but of a smaller size than in September of
19863 ; there were fewer second instars ag well The
sequence of evenis seems to have heen later in 1964,
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Ecoiogm&loelggm.
Any estiaation of the time of emergence is diffeslt g
few pupae and no first instars were discovered. Hew.
ever, looking at the late 4th instars and at the i
instars, it might be gnessed that emergence oceur
st the greatest levels from June throngh Octobes
The presence of 2Znd instars throughout the sampiisy
period suggests that emergence took place the vy
round although at a lesser rate in the wintér s
spring.
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Glyptotendipes sp. {(nr. lobiferus)

Glyptotendipes sp. ocetirred in shallow water caly
but in enormous mumbers—up to 2,650 fourth i
stars/m? and up to 19,300 third instars/m?® Th
species generally aceounted for more than half #
the fotal number of organisms af the 10-meter o=
Hon. . lobiferus is a versatile speeies; it can fuse
tion a8 a leaf-miner on aquatie planis or can live s
a loose mud burrow from which it extends and e
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ritus from the surface of the substrate. The

t
- Jeets de n Lake Washington hehaves in this laiter

speries 3
wsg;ecigs of Glyptotendipes arve typieally shailow-
water forzs owing in part to a low tolerance for low
xyEen conceptrations. In Lake Washington, they
greraged 4481/m* at 10 m and 211/m? at 15 m—
paly 2 animals were taken at the greater depths. It
® pmbah}e that their Ifumbers in water shallower than
10 o were also very high,

In September of 1963, there were large numbers
of both Brd and 4th ér_zstars; by November, only 4th
instars were found (Fig. 13). These gradually grew
jarger in size and became fewer in number; by May,
they were virtually absent. This gradual disappear-
gnee of 4th instars suggests that the highest rates of
emergence ocewrred from February through April
From April through June, Glyplotendipes sp. was
very searce. In July, they made an appearance; in
August, there was s sudden shift to 3rd and 4th in-
gtars and pupae. In September of 1964, enormous
pumbers of early instars appeared, contrasting with
the previous September.

The ahove suggesis that this species had 2 genera-
gions per year. One emerged from February through
April and gave rise fo another which compieted de-
velopment in only a few months owing to the rela-
tively warm femperatures that prevaiied in the sum-
mer ab the shallow depths at whieh Flypiotendipes
sp. ocenrred. This summer generation then gave rise
to the generation which appeared as early instars in
September and emerged the following winter and
spring. ‘

Oryptochivonomus spp.

Cryptochironomus sp. {Harmisehia group) was in-
froquently enicountered. The larvse are very small,
seldom exceeding 4 mm in length. They were only
found at the 10- and 15-meter stations but it iz likely
that larger numbers oceurred in the shallow sublit-
toral. Unlike the other chironomids, the 4th instars
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were tie most diffienlt to find, There is a suggestion
that the earlier instars were distributed a little deeper
than the later; 73% of the 2nd instars, 76% of the
3rd, and 94% of the 4th were found at 10 m. Tt
is possible then that larger numbers of the last in-
stars were to be found in wafer shallower than 10 m.
Too few animals were recovered to get a consistent
life history pattern.

Cryptochironomus sp. {defectus group) is totally
unlike the above; if is large (up to 14 mm) and is
the other chironomid predator in Lake Washington,
It has been reported to feed upon the same kinds of
things as Procladius. Like Procladius, the digestive
tracts were generally empty or nearly so. Tt was
found in about the same numbers and had about the
same depth distribution as the other species of Cryp-
tochirenomus (Hig, 14).

Calopsectra spp.

Calopsecira atridorewm wag very abundant at some
times of the year in the shallow.water areas. It is
a medium-sized animal; the larvae reach a length of

8 mm. They construct rambling mud-tabes of con-
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Fre. 15, Seasonal changes in instar and length fre-
quency of Calopsectra atridorewm.
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giderable length on or immediately below the surface
‘and feed on the material that has settled there.

The largest numbers of this species oecurred at
10 m, but there were considerable numbers at 15 and
20 m as well (Fig. 14). There was a tendency for
the 4th instars to be coneentrated in water slightly
deeper than the earlier instars. The Iife history data
do not reveal a very consistent pattern (Fig. 15).
Pupae were found on practically every sampling date
indicating thaf emergence took plaee to some extent
throughont the year. 4th ingfars were most abvndant
in the summer (June through September} and emer-
ing adunlts were probably most abundant at this time
as well, Tike (lyptotendipes sp., there was a sawm-
pling dafe, this fime August, when an anomalous
number of larvae suddenly appeared. These large
numbers were found at 10 and 15 m. The only answer
would appear to be a large-sesle migration of larvae
from the shallow sublittoral o these depths,

Oolopsectre bouser was the smallest {only up io
3 mm) and one of the least common species taken
along the transect. This species is unusual among the
Chironomidae in that it lives in a portable case made
of sand grains mueh like certain caddis larvae. It
earries this case along while moving on the sarface of
the substrate feeding on the material that has seftled
there.

C. bausei was another shallow-water form with its
greatest numbers at the 10-meter station; it was found
in small numbers down te 25 m (Fig. 14). The last
instars tended to be concentrated at greater depths
than the 3rd instars. Too few animals were re-
covered to get a consistent life history pattern, how-
ever, data for the 4th instars and pupae suggest an
emergence peak in August and September and only
a single generation per year. 3rd instars were most
eommon through a good part of the year.

Hydrobaenus spp.

The genus Hydrobaenus, although large and di-
verse, is largely unknown. The larvae of this genus
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Fra. 16. Depth distribution of Hydrobaenus (Bukief-
feriella) sp. and Hydrobaenus sp.
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are probably herbivores which burrow into the super
ficial layers of the mud and feed on the surface; they
do not construet mud-tubes. Examinations of the
stornach contents of individuals of the 2 speecies in
Lake Washington revealed the same dark organic
material found in the other deposit-feeders. H.
(Buleieffericlla) sp. was also diseovered feeding on
periphyton in very shallow water. The perphyton
wag growing on glass slides suspended at some dis-
tance from the bottom, thus the larvae must be fairly
mobile.

H. (Euliefferiella) sp. was one of the more com-
mon chironomids in Lake Washington. The larvae
are medivm-sized (up to 8 mm). Like so many of
the other chironomids, this species was found in the
largest numbers at 20 m {Fig. 18); it was quite com-
mon at 10 and 15 m and in fair numbers down fo
40 m. The 2nd instars were most eommon at 15 and
20 m and the 3rd and 4th instars at 20 m.

The life history data indicate 2 peaks of emer
gence—in September through QOetober and in April
(Fig. 7). On these dates, the pupae were commen
and the last instars had attained their largest size.
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Fri. 17. Beasonal changes in instar and length fﬁ'
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¢ and early instars were found
ear and emergence probably occurred

extent the year rvound. The 2 emergence
o s be indicative of 2 generafions per year
e mﬂ-yence and hatching were apparently so
;;m;féhronized that one cannot be sure on this
s

k. arvae of Hydrobaenus sp. are large (up fo

‘*‘Ifhe and were found in moderate numbers aiong
is Mﬂ)qwt This species of Hydrobaenus is quite un-
Ww?‘[}m(‘,ﬂl’er, especially as regards its size and the
e .{ 2£p of its mouthparts. Hydroboenus sp. was
%ﬁuéfiﬂf}‘.r‘mn 16 to 55 m but was somewhat more abun-
L -1 shallow water (Fig. 16). However, fhere was
Mr;'t--:i;;:et notch at 20 m, espeeially for the 4th in-
y ‘]:ﬁ This is the same depth at which so many
&%%ri.unmid species veached their maximum rumbers,
f“‘?”!”;‘ﬁ!w H. (Buliefferiella} sp. There was a con-
o 'mfi <hift away from the 20- and 25-meter sta-
sders v iiu‘: Ath instars. There were too few of this
. ]p{-ieg‘ vecovered to derive a consistent 1i£e h_istory
’-}L{fﬁrn- Fmergence did appear to be heaviest in th'e
sutumn and the large size of the larvae ane% th-etr
prevalenee in the eooler water of the hypolimnion
would suggest that this species had only 1 generation
per year. . - .

Only 3 or 3 speeimens of Faratendipes sp. were
peeovered; the same was true for the family Cera-
topogonidae. . :

Oeeetis sp. was found in small numbers at the 19-
meter station., Caddis larvae are generally found in
the littoral and sublitforal and the few recovered
probably represented only a small part of a mueh
larger population.

tjons b

NEOMYSIS AWATCHENRIS

A few specimens of Neomysis awaichensis were
eollected with the Ekman dredge. The Mysidacea are
only temporary members of the benthie community.
During the day, they live in the meter or so of water
immediately above the bottomn or on the hoftom it-
self; ab night, they become a part of the plankfon.
Mysids comprised a congiderable portion of the diet
of the bottom-feeding fish, Cottus asper.

PONTOPOREIA AFFINIS

Another animal which frequents bhoth the open
water and the bottom is Powtoporeia affinis. This was
recovered in fair numbers by dredging. This animal
has been studied in Lake Washington by Waldron
(1953} ; the study is primarily morphological but life
history data are presented. Unlike the majority of
amphipods, P. affinis is characteristically found in the
profundal zone of deep, eold lakes. Tt has been found
as deep at 300 m in Lake Superior. When on the
hottom, they feed on the floceulent material on the
mud surface. Their only important predators are
fish; a few were found in the stomachs of Cottus
asper.

In the study of Waldron, gravid females were
found from Japuary through June. Young were
released from March through July with a peak in
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Fig, 18. Beasonal changes in numbers of three size
classes of Ponfoporeia affinds.

early June, IIe concluded that the life span of P.
affinis in Lake Washington is shorter than in the
typical North American lake, one year instead of two,
and that the mature animals die afler producing one
brood of young,

As a study on the life history of Pontoporeia afinis
had already been made, little effort was expended in
tkis direction. The animals were counted and placed
into 3 subjective categories: large, medium, and small
(Fig. 18). Large animals were dominant from Sep-
tember of 1963 to April; their numbers gradually
decreased during this time reflecting post-reproductive
mortality. As indicated by the number of small in-
dividuals, release of the young oecurred from April
through July with a peak early in June just as Wal-
dron hsd concluded. The medium-gized ecategory
pealzed in July and the number of large individuals
began to climb in September. There is no indieation
that the animals sarvived for more than g year, The
depth distribution of P. affinds showed two obvious
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Fie. 19, Deopth distributiors of Pontoporiea afinis
and Helobdella stagnalis,
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zones of concentration: at 15 to 256 m and at 45 m
{Fig. 19).
GYRAULUS SP.

The molluses constitnted only about 119 of the
total biomass of the bottom fauna of Lake Washing-
ton. This contrasts with many other lakes where a
considerable percentage of the total biomass may be
tied up in the form of large bivalves.

The Gastropoda are more typical of small lakes
and the littoral region than of the area in this study.
However, fairly large numbers of the planerbid,
Gyraulus sp., were encountered at the deeper stations.
There is some precedence for this; Planorbidae have
been taken from some of the deep Furasian lakes at
depths of 40 to 350 m. They are generally asso-
ciated with hard substrates or cmergent vegetation
where they graze on the aftached “Aufwuchs” and,
in the lajter case, on the plant tissues themselves.
On the soft sediments in Lake Washington, the snails
glide on the surface ingesting the seston which has
settled there. Their prineipal predators ave generally
fish. Lweches probably account for some small per-
centage of the predatory mortalify.

The freshwater Gastropeda are hermaphroditic and
reproduce either by cross- or self-fertilization. The
fertilized eggs are atfached in a mass to some hard
substrate. The paueity of such substrates in the pro-
fundal zone of Lake Washington leads them fo seek
out small seraps of wood, pleces of cellophane, or,
most often, each other.  Most egg masses were found
on either the oceeupied or uwnoccupied shell of some
snail. The average number of eggs per mass was
about 10 with a range of 4 to 21.

Gyroulus sp. showed a marked concentration zone
between 45 and 55 m (Fig. 20). The only other
molluse found, the bivalve Pisidium casertanum, ex-
hibited a similar digtribution pattern.

The specimens recovered were counted and sub-
jeetively classified into 3 eategories: large, medium,
and small. The nmmber of eggs was also determined
(Fig. 21). The large animals showed a steady de-
erease in numbers from Sepitember of 1963 through
June. The medium-sized individuals showed a simi-
lar deerease through February. This general decline
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Fie. 20. Depth distributions of Gyraulus sp. -and
Pisidinm cagerfanum.
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elasges of Gyroulus sp. and of the eggs of Gyrauius sp

was probably due, in large part, to post-reproduciive
mortality—egg-laying was maximal during this pe
riod. While the nmmberg in the 2 larger eategories
were decreaging, the number of small animals was
markedly inereasing. By February, the mediam-
sized eategory, reflecting the effects of growth frow
the small class, showed slight gains, By July, smal
specimens were searce. A month later, the bulk of
this new generation was medium-sized. In Septei
ber, large individuals showed signs of dominating %
medium-sized ones began to decline.

The egg counis reveal that reproduction oecurre{f
the year round. The number of eggs found per »
corresponded fairly well with the appearance of small
animals, preceding the inflections for these by about
a month. Gyreulus gp. appears to have had a «ingle
generation per year, althongh individuals were be
ginping their life eyeles throughout the year, Ther
was a 2nd peak of egg production in September of
1964. There was a econsiderable difference betwee?
the 2 September dates, especially in the number ©
large animals and eggs. The dissolved oxygen &0
centration, particularly of the deeper water;
substantially lower in 1963 than in 1964

PISIDIUM CASERTANUM

In many lakes, the Pelecypoda contribute the waj¥
portion of the total henthie Momass, especially ;
the form of large mmssels. In the sublitboral &
Esrom Lake, the live weight of Dreissensie P%
morphe reached as high as 11 kg/m? or -99.8%'0f =
total biomass (Berg, 1938). In Lake Washing
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BoWever; there appears to have been only a single
small species in the study area, Pisidium caserianum,
which contributed little to the total biomass, 2 to
5%. P. casertamwm is a ubiquitons species which
gxhibits a number of variefies. According to H. B,
Herrington {pers. comm.}, the variety in TLake Wash-
jogton 1s one of the “short forms” He a].:so. noted
that this species has been reported to exhibif con-
aderable varisbion in dimensions within 'the same
jske with “shorfer forms” being foundl in deeper
water. A cursory look at the Lake Washington spe-
amens gave no indieation of this.

Pisidium helongs to the family Sphaeriidac, mem-
ers of which are offen represented in the profundal
qone of lakes. These animals live in the superfieisl
Jayers of the botfom where they fiiter particles from
the overlying waler. They have a unique mode of
reproduction, produeing very few young at a time
and carrying these until they reach a eonsiderable size
and of the adult form in & marsupium formed by the
ipner gill.

P. caserignuim was most abundant at 45 and 50 m
with a subsidiary peak at 20 m (Wig, 20},

Fach of the specimens recovered was measured to
the nearest tenth of a millimefer., The number of
young in the marsupia and their length were also
determined,

Marsupial elams were found throughout most of
the year; their numbers were Jowest in the late spring
and early summer {Fig. 22). The counts for the 2
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Frz. 22, Seasonal changes in numbers of marsupial
elams of Pisidium ecasertanum,

September dates contrast sharply with the much
higher values of 1964 recalling the situation for
Gyraulus sp. This difference appears to have been
dve to a higher fecundity at this later date. The
numbers of adult elams recovered on these 2 dates
were shnilar-—97 in September of 1963 and 138 in
September of 1964, FHowever, the percentage con-
tributed by individuals of a size 2.0 mm or more—
the smallest individual found bearing young was
20 mm—was 16% in September, 1963 and 349, the
following September.

The larger the size of a specimen of P. Casertanum,
the more likely it was to be carrying embryos. Only
2% of the individuals 2.0 mm in length bore embryos
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F1a. 23. Seasopal changes in length frequency of
Pisidium ecaserianim,

whereas 30 to 339 of those between 3.0 and 3.6 mm—
the maximum size attained--bore embryos. Embryos
were discovered as larpe as 1.2 mm. There must be
a considerable latitude in the size at whiech embryos
are released as animals were found free which were
only 0.6 mm and 0.8 mun individuals were guite com-
mon. As many as 25 embryos were found in a single
marsupinm with an average of 8.

The numbers of P. caserfemum vemained fairly
constant throughout the sampling period, exhibiting
a0 apparent trend (Fig. 28). The histograms dem-
onstrate a marked tendency toward a bimodal dis-
tribution. This is especially marked for the earlier
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‘sampling dates. This same fendency was noted in
the stndy of Foster (1932) for Sphasrium solidulum,
s related species. He was able to attribute the bi-
modality to the existence of two periods of aceelerated
reproduction in each year. This was aseertained both
by eounts of warsupial young and by noting the pres-
ence of 2 distinet size classes of young in most of the
marsupia, Neither circumstanee occurred in the Lake
Washington population.

Probability paper was utilized to facilitate the
interpretation of these distributions {see Harding,
1949 and Cassie, 1050). This procedure removes
some of the subjectivity involved in deciding what
constitutes a distinet sub-population.

Trom Sepiember through January, there were 2
sub-populations of mean size, 14 mm and 2.5 to
9.7 mm. In February, a 3zd sub-population beecame
evident formed by the splitting of the gmaller into
1.0 to 1.2 mm and 1.5 to 1.6 mm eomponents. This
situation remained through the April-May sampling
date. During this period, the largest-sized sub-
population remained a$ about the same mean length
but inereased from 20% of the total population fo
369%. In June, there was a considerable shuffling of
the population, probably refleeting the absence of
any number of young to supplement i6. There were
three sub-populations of mean sizes, 1.3 mm, 21 mm,
and 2.7 mm. The first 2 gradually decreased to means
of 1.0 mrs and 1.6 mm. This coineided with the in-
erease in the number of marsupial young.

OLIGOCHAETA

The Oligochaeta was an important eomponent of
the lake benthos. About one-half of the total number
of organisms and about 1/3 of the total biomass were
contributed by the Oligochaeta. Only 4 species have
been recognized from Lake Washington: Tubifexr fu-
bifex. Limnodrilus hoffmeisteri, Peloscolex variegatus
and Iyodrilus frantsi—all members of the family, Tu-
hificidae. This species list for the Oligochaeta should
not be considered complete. 33 species have been
reported from Lago Maggiore (Brinkhurst, 1963)
and 22 from Hsrom Lake {Berg, 1938). Most eer-
fainly more detailed collections and identifications for
Lake Washington wounld turn up similar numbers,

Both 7. tubifex and L. hoffmeisteri are very com-
mon species, especially abundant in eutrophie or or-
ganieally polluted lakes where the water may be
oxygen-depleted. 7. {ubifex is generally found in
fringe habitais, in wery clean or grossly polluted
water (Brinkhurst, pers. eomm.). In lakes, it is
found at all depths and in all tpes of subsirata. L.
hoffmeisteri s found in all kinds of aguatic habitats,
in lakes, it is frequently restrieted to the littoral and
sublittoral. The other 2 species, P. variegatus and
I. franizi, ave very rarely encountered. P. wariegatus
has been reported on only 2 other oceasions: in 1852,
it was found in the Philadelphia area—and designated
as the type for the genus Peloscolex—and, more re-
eently, in the Great Lakes. I. fronizi had previously
been reported only from lake Tahoe and San Fran-
eiseo Bay in California.

Ecological Monographs
Vol. 39, No.t
Aguatie oligochaetes, like their terrestrial counter-
parts, ingest indiscriminately all the particles com-
posing the sediment below a eertain limiting size and
digest some fraetion of these particles. Most of their
feeding is done at a depth of 2 or 3 om under the
surface of the sediment. Bacferia arve believed to be
their primary food source.

The aquatic ohigochactes are capable of both sexual
and asexusl reproduction. This latler process is
aceomplished by budding and is net commonly found
among the Tubificidae. The Oligochaeta are herma-
phroditic and penerally engage in cross-fertilization,
The fertilized eggs are placed in a cocoon and fhe
young emerge some itime afterward. Stephenson
{1930) reported that Twbifer requires 1¢ to 20 days
to eomplete development, but at low temperatures
auch as are found in the hypohlmnion of Lake Wash-
ington, may take much longer.

Due to the difficulty of distinguishing one species
of Oligochaeta from another, they were dealt with as
a group. For each sample, the cligochaetes were
counted, their dry weight determined, and the num-
ber of eggs in cocoons counted. There appeared to be
3 morphologically differeni kinds of cocoons, ench
with a charaecteristic number of eggs, 2, 3, and 4
These are about half the values given for the Tubif-
cidae in other reports; Stephenson stetes that 4 te
9 ig typical.

The depth distribution curves of numbers and dry
weight for the Oligochaeta were essentially the same
hyperbolie with the largest values oceurring at the
greatest depth (Fig. 24). This kind of depth distri-
bution for the oligochaetes is typieal of medium-deep
lakes provided there is rot a period of oxygen depl_t?'
tion in the decper water. In very deep lakes or 18
shallow omnes, there is generally a maximum at somé
intermediate depth. The relation to depth of the
Oligochaeta was almost direetly opposite to thai Qf
the Chironomidae, the other important group of an-
mals in the Lake Waghington benthos.

The mean weight per individual dropped fro®
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117 pg on the October-November sampling date to
ground 70 pg in the winter and early spring (Fig.
254). The mean weight then steadily increased to
133 pg in August. The value for September of 1964
was very near that of September of 1963, 118 and
110 ng, respectively,

The ratios of eggs to worms deseribed s ourve
similar to the above {(Fig, 25B). The ratio dropped
from 0.458 in September to around 0.190 in the early
spring and then rose to 0.671 in August. The hateh-
ing of large numbers of small worms in the summer
together with the post-reproductive mortality of the
sidults accounted for the diminution of the mean
weight in the anfumn and winter. Sexnal reproduc-
tion oecurred throughout the year although it was
considerably higher in the summer. The various spe-
ces of Oligochaeta in Lake Washington probably had
one generation per year with the dominant species
reproducing primarily in the summer.

HELOBDELLA STAGNAILIS

Two or three species of Hirndinea belonging to the
{amily Glossiphoniidac were encountered in this study
bat only one, Helobdella stagnalis, wag at all com-
mon. It comprised about 95% of the total leeeh fauna
and will be the only one considered in detail.

H. stagnalis is perhaps the most eommon leech in
the world. It oceurs in a wide variety of habitats,
including polluted waters, and is known to survive
at low temperatures and at low oxygen coneentra-
tions. 1t funetions as a seavenger or predator, feed-
ing primarily on snails, especially the Planorbidae,
and chironomid larvae. FHilsenhoff (1963} reported
on laboratory experiments in which Helobdelln stag-
walis fed upon Chironcmus plumosus. He eoncluded
that M. stagmalis exerts a considerable influence on
0. plumosus populations in any lake where both occur.
In examining the material from Lake Washington,

Borrom Fauna or Lake WasmingToN 95

onty 1 specimen of H. stagmalis was arvested in the
act of feeding, a small individual feeding on an ostra-
cod, but the gut eontents of many specimens were of
a dark red color whieh Hilsenhoff considered to be
the presence of haemoglobin from the Chironomus.

The (Hlossiphoniidae have an unusual mode of re-
production where, after crogs-fertilization, the eggs
are earried in membranous eapsules on the ventral
surface of the hody., After hatching the young at-
tach to the venter of the parent by means of their
suckers and, subsequently, let go. These leeches may
bave 2 generations per year depending on the tem-
perature.

H. stagnolis had a very definite maximum at 40 m
and oceurred in relatively large numbers from 20 to
45 m (Fig. 19), This eontrasts with the depth dis-
tributions reported for the TFirndinea in almost al}
other studies. (enerally, leeches are found in the
shallow littoral associated with emergent vegetation.
They have been found in rare instances in small
numbers down fo 15 m (in Lake Erie) and isolated
individuals have heen recovered at depths of up to
50 m, Although this species is known te he capahble
of surviving at the low oxygen levels and low tem-
peratures encountered in the hypolimnion of Lake
Washington, there would seem to be some diffieulty in
moving about and segrehing out prey. Their usual
mode of locomotion is by inehworm movements ae-
complished by alternate use of the oral and caudal
suckers on some hard substrate. They are capable
of only weak swimming movements.

The specimens of . stagnalis were subjectively
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Fro. 26, Seasonal changes in numhers of 3 size clagses
of Helobdella stagnalis and of numbers of eggs and
embryos.
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classified into 3 size eategories: large, medium, and
small. These were enwmerated as well as the num-
bers of eggs or young borne by adults (Fig. 28).
MThese dafa suggest that H. stagnolis took one year
to complete its life eyele. In September of 1963,
small animals dominated. These gradually gave rise
10 medinm and large individuals with the large ones
dominating from April through Juiy. Beginning in
Jamuary, egg-hearing individuals were present; they
achieved their largest nambers in early May. Adults
bearing young animals appeared somewhat later,
Februsry, and reached a peak in June. Coincident
with this, the number of small individuals rose—
beginning in July--such that they again dominated
the total population in September. In June, the
number of large adults began to decline indieating
the reperted mortality of post-reproduetive adults.
The mean number of young borne by adulls was 14.5
with a range of 6 to 36.

DISCUSSION

Although the effect of artificial eutrophication on
the productivity of the benthos of Lake Washington
capnot be assessed on the bagis of the eollections made
in the restricted time period covered by this study,
eomparisons drawn to other lakes, especially those of
similar morphometry, ean provide the basis for some
calenlated guesses. I[f such comparisons are to he
meaningful, the methods utilized in the studies must
be similar and sueh differences as exist must be noted
and their effects considered. One commenlty disre-
garded Mmitation to comparing henthie studies arises
from the use of different-sived screens in washing the
bottom samples. Considerable differences in the xe-
tentive capabilities of sereens of larger and smaller
aperture sizes for early instars of insects and for
small invertebrates of all kinds have been dernon-
strated. For example, Laner (1963) showed that 2.5
times as many 1 and 2 mm Pelopia larvae were Te-
tained by a sereen of 0.20 yam gauge than by one of
0.57 mm gauge. Comparisons drawn on a strictly
pumerical basis will be valid only if the sereens used
are of comparable mesh size. However, due to the
gmall inerement contributed to the total biomass by
very small organisms, comparisons on a weight basis
should be worthwhile regardless of the sereens used.

Measures of hiomass have been made on both a dry
and a wet weight basis; the latter has heen slightly
the more popular owing fo the relative ease with
which it ean he accomplished. The organisms are
merely blotted on absorbent paper and weighed. The
difficulty arises with this teehnique that the amount
of water retained hy the organisms will vary depend-
ing on a large number of facors. Consequently, the
dry-weight technique, where the organisms are dried
to constant weight, was utilized in thig study.

I order to be in & position to compare the Lake
Washington study to the many stadies which derived
wet weight meagures, correetion faetors must be nsed.
A mumber of ecorrection factors have been proposed:
Rawson suggested multiplying the dry weight by 6.7
to approximate the wet weight; using the data of
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Seott, et al. (1928) and accounting for the relalive
proportions of the organismg in Lake Washington,
one arrives at a figure of 9; using the data of Ricker
{1952) and treating it as above, at a figure of 8. This
latter figure will be used as the correction factor with
the understanding that it could be anywhere from 7
to 9. '

The weighted mean dry weight for the profundal
zone of Lake Washington during the period of study
was 8.08 kg/ha, 'This figure accounts for the con-
tributions to the total ares of the lake made by each
of the depth profiles. The mean dry weight of bio-
mass ranged from 4.54 kg/ha at 35 m to 10,60 ke/ha
at 55 m and from 643 ke/ha in July to 10.39 kg/ha
in September of 1964. Using the correetion factor,
the weighted mean web weight was about 64 kg/ha.

Mean benthic wet weights were compiled by Deevey
{1941) for some 262 lakes from 7 geographieal areas
of the world. This compilation ean be considered to
be fairly representative of temperafe zone fresh-
water lakes. There was considerable latitude in the
way the various studies were conducted, hat ecompari-
song made with this compilation should still be of
some value. The fgure of 64 kg/ha for Lake Wash-
ington falls at about position number 168 of 262 in
an ascending scale or somewhaf above the median,

Among lakes of comparable depth in North Ameri-
ca, the benthic standing erop of Take Washington
appears to be about average. Green Lake in Wis-
eonsin (a mean depth of 331 m and 2,973 ha in
area) has had wet weight values of approximately
916 kg/ha reported; Paul Lake in British Clolumbia
(821 m and 630 ha) 61 kg/ha; Lake Athabaska n
Alberta and Saskatchewan (26.0 m and 790,000 ha)
33 ke/ha; and Minnewanka Lake in Alberta (38.1m
and 1,330 ha) 36 kg/ha (Deevey, 1941 and Rawson
1955). Thus Lake Washington appears to be a lake
which maintains a benthie standing erop of average
to slightly above average proportions. The gtanding
crop before the influx of treated sewage was prob-
ably something less than average-—considering the
statement of Seheffer and Robinson (1939) that the
lake was “distinetly oligotrophie.”

Table 4 presents the percentage composition of th¢
most important groups of benthie organisms for Laske
Washington and other lakes of similar morphometry
Take Erie was chosen to demonstrate the before and
after eultural ewtrophication situations; the other
were chosen as examples of lakes with pmfuﬂd“
zones like that of Take Washington both in depth ﬂf“‘
relative consequence to the Iake as a whole, but whieh
weve little or not at all affected by pollution ab the
time of the study.

The most striking change in Lake Hrie, whose ™
cent history has been very much like fhat of Take

Washington, between 1920 and 1958 was the ﬁ: :
£ ibe

appearance of Hexagenio and the assumption o
dominant Tole in the. benthos by the Oligochaet?,
{Beeton, 1961}, The Oligochaeta bhecame more 1

twice ag abundant as the next most common gronP
the Chiropomidae. In 1928, although neither ¥
very common, the Chironomidae were presedl -
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glmost 10 times the numhers of the Oligochaeta.
In the 4 isolated lakes, the Chirenomidae oc-
apred in numbers 2 to 3 fimes those of the Oli-
gochaeta. Lake Washington has a larger percentage
of Dligochaeta than Chironomidae and thus compares
more elosely with Lake Frie in 1958 than with any of
the other examples, TLundbeck (1936) observed that
ealturaliy influenced lakes showed a proliferation of
oligochaetes. He also noted that the Sphaeriidae in-
crensed in numbers in sach lakes. This does appear
o have ceewrred in Lake Erie; the data are not suffi-
cient to draw any conclusions regarding Lake Wash-
mglon.

The biomasses of the Oligochaeta, of the Cligo-
chaeta and the Chironomidae, and of all the organisms
taken together at each of the depths sampled are
presented in Fig. 27. By noting the displacement
of eack line from that on its left, the contributions
of the Oligochaeta, of the Chironomidae, and of all
the other organisms combined fo the total biomass
at esch depth can be determined,

The plot for fotal biomass shows a low point at
35 m with large steady increases ag the stations he-
come shallower and deeper than that at 35 m. At
the shallow stations (10 to 20 m), the Chironomidae
constituted the bulk of the hiomass. With the pro-
gressive deercase of Chironomidae biomass and the
inerease of the biomasses of the Oligochaeta and the
“other organisms” with greater depth, the situation
was realized at 35 m where each of the 3 components
contributed equally {0 a low tofal biomass. Moving
to the deeper stations, the biomass of the Qligochaets,
and of the “others” inerensed markedly and the hio-
mass of the Chironomidae remained at abont the same
level with the net resalt of a steeply increasing bio-
mass with inereasing depth. At the deeper stations,
the Olignehaetn were dominant. The Hirndinea were
the primary eontributors to the “others” at the mid-
depths; the Gastropoda at the desper. Neither was
very eonsequential at the shallow depths.

In contemporary ecology, the study of the inter-
actions hetween populations within a community has
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TapLg 4. Relative percentages of Oligochaeta, Chiro-
nomidse, and Sphaeriidae for selected lakes.
% %o o
Oligo- Chiro- Sphae-
chaeta nomidae riidse
Lake Washington 51 43 3
Lake Erie (1920-303* 1 10 2
Lake Erie (1258)** 60 27 &
Cultus Lake (B.C)*** 34 a5
Convict Lake (Calif ) **** 31 65
Lake Constance {Calif.) 20 57 20
Lake Dorothy (Calif,) 23 69 3

*mostly Henegenia, a burrowing mayfly.
**Beeton, 1961,

***Ricker, 1942; all samples from 30 to 40 m,
*krrRetmers, of of., 1955,

received a great deal of attention. This is especially
true for the study of interspecifie competition. The
subject of eompetition, and the concomitant density-
dependent factors, is a controversial one. It has been
fairly well doeumented for terrestrial plants, hirds,
and some intertidal invertebrates and poorly docu-
mented for the plankton and the marine and fresh-
water infauna,

If, indeed, there is interspecific competition for
some densify-dependent resouree among the benthic
invertebrates of Lake Washington, the considerable
number of species coexisting in a homogeneous en-
vironment such as that of the profundal zone of a
lake is rather surprising. However, there are a num-
ber of devices which tend to isolate one species from
another in their respeetive requirements. Thess are
summarized in Table 5.

There were 4 different modes of feeding: preda-
tion, fiiter-feeding, feeding on the material deposited
on the substrate surfaee, and ingesting the substrate
itself. Further, among the deposit-feeders, there were
a variety of ways in which this was acecomplished.
This variety might have allowed the different species
to exploit subtle differences in the environment to
their advantage.

Temporal separation ig important in that the
amount of a resource utilized by a population of uni-
voltine animals generally inereases as the population
grows older, TFor example, Teal (1957) has demon-
gtrated that the many small larvae of Calopsectra
dives found in Root Spring early in the year assimi-
Iated only a third of the amount of food that the
fewer large larvae assimilated later in the year. Thus
a difference of only 2 or 3 months in the onset of
the life cyeles of 2 closely related species will assure
that their periods of maximum food utilization will
not eoineide. The hfe cyeles of the 2 species of Poly-
pedilum began about 2 months apart; the 2 most
tmportant predators in Lake Washington, Pracladius
euliciformis and Helobdella stagnalis, were similarly
separated. Most of the Chironomidae emerged in
the summer and fall. The favorable weather to be
found at thiz time of year undoubtedly reduces adult
mortality. H. stagnalis and Pontoporeia affinis began
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TABLE 5. Summary of the life histories of the benthie macrofauna of Lake Washingion,
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stations,  Chiror
closely related sp

stations. . plu

_Depth Feeding Time of Gienerations Chironomus 8P

Species Distribution Habits Reproduction [Year Both species of
P.ouliciformis. .. .oovoeiiainnarnannns i0to 26m predaceous IV.-IX. i 20 w.  Polypedi
€, PRIMOSUE oo\ v v e <10 to 20m filter-feeder ext. ? nomid whose Ia
Cosp. (or. ferrug) .. ..o U 30 to >55m filter-feeder IX.-IIL 1 water, emerged t

Pogp, (ar. fallax}. ... ..o 16t0  50m deposit-feeder IX.-X1. 1 her: Polyvedil
Polypedilitt 8P+ oo to 35m deposit-feeder Vi-X. 1 temh Ypesaiun
GLyplotendipes SDu. o vvvveeee e an <10 to 15m deposit-feeder I-IV.& 2 lember.  Glyptot
' VI-IX, N enormons nur
Cryploc. (Harn) 8p....ooeeoviiniieaen <10to 15m ? ? water. A period
Cryploc. (def) 8De. oo iii it <10tc 15m predaceous ? ? place fr T ’
Catridoreum. . ... <10to 25m deposit-feeder ext. ? c¢ from Feb:
CoBAUSEL, .ot <10to 25m deposit-fecder VIIL.-IX. 1 atridoreum was ¢
H. (Buktef) 8D, v vov e <10 to  40m deposit-feeder ext. ? emerged through
Hydrobaenug sp..........o.ooviiianns <l to 5Hm deposit-feeder IX.-XI 1 summer.  Hydrol
Poaffimds. ..o 10to 50m deposit-feeder & IV.-VII. i 15 m, had two
planktonic i * L IWO e

GUranus BDe v v ov e 45 to >55m deposit-feeder ext. 1 n the winter,

P.oaserlanui. .. ..o ooe e 15t0 50m filter-feeder ext. 1 most common af

Oligochaeta—epp.. ... oo ovivinn oo 10 10 >55m substrate-feeder ext. 1 emergence peaks
Hostagnalis. .......... oo 15 to  45m predaceous i-VI 1 8. Neo S
CAYEOmYSiy  ga

their life cycles in the spring. The remainder of the
benthos had rather diffuse reproductive patterns.

The pattern of vertieal distribution affords another
means whereby species can apportion the emviron-
ment. This was perhaps most obviens for eertain of
the eongenerie species and for the predators. The
2 Chironomus species were distinetly separated with
very little overlap in their vertical distributions, at
Jeast in the aren where the sampling was done, The
2 Polypedilum species demonstrated a eertain degree
of spatial divergence although it was net nearly as
marked. Tt should he noted that the earlier instars
of the two Polypedilum speeies were distributed in
almost identical fashion. There was s considerable
difference among the 4dth instars. If this difference
was the result of interspecifie competition, then if
wag an aetive and immediate response to this pres-
gure, either by emigration from congested areas or
by differential mortality from one area. to the next,
yather than a long-term evolutionary response such
as deposition of eggs by the adults on water Gver
different depths. The species belonging to the genera
of Huydrobaenus and Calopsectra were quife distinet
from one another. Both of these genera are very
large and include very diverse larval forms. The
depth distribufions for the three predators showed
peaks at 10, 20, and 40 m for Crypfochironomus,
Procladius, and Helobdella respectively. Again, the
distributions suggest some degree of spatial diversity
and might serve to explain an other wise anomalous
digtribution for the leech.

Considerations such as the above ean only suggest
the role played by competition in the Lake Washing-
ton benthos. The problem awaits a carefully con-
ceived experimental approach.

BUMMARY

1. The macroscopic bottom fauna of the profundal
zone of Lake Washington was studied from Septem-
ber of 1963 to September of 1964, Lake Washington
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is & large, deep lake located near the cily of Beattle
Between 1941 and 1966, the lake reccived large guan-
tities of treated sewage. The sewage, rich in phos-
phates and nitrates, has eaused striking changes in the
chemistry and in the amounts and kinds of phyte-
plankton of Lake Washington.

9. Ten stations were sampled with an Flman
dredge at approximately wonthly intervals. Isasc-
Kidd midwater trawl samples were made avatlable by
the College of ¥isheries of the University of Washing-
ton by which the pelagic phase of the life history of
certain benthic animals was stndied. #4pial elamg

3. Lake Washington is & warm monomicie lake - with 4, pvaiz were |
with & mixing period extending from December ©0 9. The .()Ii e
April in most years. The epilimnion generally o& Sutnher g %/Zchm
tends to about 10 m. The seston values for 1064 wert NG, Pug of
higher than those for 1963 early in the year bat & Probably ma: P
sentially the same once the lnke stratified. In decptt M the prepte lf e
water, the 1964 oxygen values were substaptially depth ﬁ}ln;plesi i
above those of 10963 when they fell o as low &8 L. hetlined with‘ . 35
meg/liter in Oetober. B9 acenrpeg 8;Eh o

4, 24 species were recognized from the pxof.‘n!lfmz Hiderghly o
zone of Lake Waghington, 13 of which were ChiT Werizht per-iné'lgth[‘
nomidae. . Wit high i gy

5. The Chironomidae were the most numerct Fere t!ob'usited e
the buttom fauna eonstituents, accounting for ahott Fr r.»lobrlcll\;n t
459, of the total. 'The larvae were most comnmon i wan {,.e'qum :}f
the shallow-water stations and became prog“’-%mf ; Hagnals, h d} ;
less abundant with an inerease in depth. All of b B peak iﬁa
species studied showed a tendency for the f”“‘kgf vel
instare to be found in greater numbers at the sh
lower depths with a progressive shift of the dep
distribution toward deeper water as the animal P

o}
e

N
into later instars. Procladius culiciformis, most -*mh:::v{'h Am
dant at 15 and 20 m, emerged in the greatest 2P0, Hrpe mg’tm'; a
in May and June. Tt had a single generation 1% e “ho tmnbuf
year's span and was one of the 2 chironomid 5P om fay

frequently encountered in the trawl samp.ies-'
nomus plumosus, the largest chironomid
‘Washington, wag most common at the shallow-
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) . Chirenomis sp. (0. ferrugingovitiaing), a
. ftons: 1ated species, was most common at the deeper
_g@y e % phemosus emerged throughout the vear;
' o p. from September through March.
_ cies of Polypedilum were mos$ ablmdant‘ at
i Polypedium sp. {nr. fallax}, the other chiro-
ww e larvae were recovered from the open
id “;ergzod primarily from Seplember 1o Novem-

’ }’i?y p{»dzlum sp. primarily fl'OIf’l July to Sep-
wiae! Glyptotendipes sp. (nr. lobiferus) ocenrred
fa ;'znoﬁs numbers, up to 19,300/m2, in shallow
g end 4 period of peak emergence probably took
il fr;vm YVebruary through April.  Calopsectra
s Wu_'m was coneentrated in shallow water; adults
sttt 1 throughout the year but especially in the
@m’t“r Hydrobaenus sp., most common at 10 and

P};ﬁa two emergence peaks, in the autumm and
;& r.g;«' winter. Hydrobaenus (Eukieffericlla) sp.,
2 ;umm(){i at 20 m, also appears to have had two
w&sﬁ;mw peaks, in the summer and in the spring.
ﬁiﬁg"fm,ﬁyst‘g awatchensis and Ponfoporeia affinds
gee.onily pé.rbtime meml?ers of the benthic community,
¥ Mg,“,{;@ had 1 generation per year; the young were
witeased from April through July. P. affinis was most
*&Mﬁnt at 20 m and at 45 m,

7. Gyraulus sp. was eoncentrated }?etween 45 and

% m. “Due to its large size, this species made a eon-
aderable contribution fo the fotal bl?mass. lR—epro-
dgnetion occnrred throughout the sampling period with
pesks i April and September of 1964,
4 Pisidium ceserfenum Was most abundant at 45
god 50 m. The length- frequeney histograms for this
species were generally bimodal. The young are carried
is marsupin in numbers which averaged about 8; mar-
gepizl elams were present throughout most of the year
with # peak in September of 1964,

4, The Oligochaeta comprised about ¥4 of the total
samber and ¥ of the total bicmass of the profundal
fgans, Four species were identified hut there were
grobably many more. The Oligochaeta were found
i the greatest numbers and biomass at the greatest
drpth smmpled, 55 m; their abundance progressively
deviined with a decrease in depth. Sexual reprodue-
tisn ocenrred thromghout the year slthough it was
- wnstderably higher in the summer. The average

weight per individual was very low in the winter and

quite high in the summer just before the eocoons
were deposited in their grestest numbers.

i Helobdelie stagnalis was most abundant at 40 m
bat was frequently encounfered from 20 to 45 m.

- B. stagnalis had only a single generation per year
with n peak in releasing young in June.

). The weighted mean dry weight for the profun-
dal zore of Lake Washington during the period of
#indy was 8.03 kg/ba. Among lakes of comparable
depth in North America, the benthie productivity of
“Lake Washington appears to have been about average.
The large contribution made by the Oligochacta to

- the total bottom fauna of Lake Washington is similar

@ the situations reported for other lakes which have

ssdergone cultural entropbieation. The depth dis-

_b. s I8 5

ctributions of the 2 Chironomus species, the 2 Poly-.

pedilum specieg, and the 3 species which are preda-
tory suggest that competition may play a role in de-
termining the spatial distribution of benthic snimals.
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