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ABSTRACT

Malley, D.F., S.G. Lawrence, M,A, Maclver, and
W.J. Findlay. 1989. Range of variation
in estimates of dry weight for planktonic
Crustacea and Rotifera from temperate
North American lakes. Can. Tech. Rep.
Fish. Aquat. Sci. 1666: iv + 49 p,

Dry weights of individual zooplankters are
known to vary from lake to lake, with season,
with variahility in abundance of food, or from
predation and campetition. Furthermore, method-
ological differences in determining weights
probably contribute to the variation.

Dry weights calculated from measurements
of three body dimensions are reported here for
crustaceans and rotifers from four Precambrian
Shield lakes in the Experimental lakes Area in
northwestern Ontario, from Clay Lake near
Dryden, Ontario and fram a prairie pothole Take
near Erickson, Manitoba. Ay well, directly-
obtained dry weights are presented for plank-
tonic crustaceans from three Laurentian Great
Lakes. Length-weight regrassions are presanted
for copepods and cladocerans. Some new data on
the effects of season, Take depth, msthod of
preservation, and on variability of application
of our method among technicians are presented.

Ranges of variation in dry weight of indi-
vidual zooplankters are examined by drawing on
these data and on those in the pubiished litera-
ture. For each of several cladoceran species,
different autnors report as large as 1{-fold
range in weight for individuals of a given
length. For copepods, the corresponding range
is as high as three-fold.

Key wards: Cladocera; Copepoda; Calanaida;
Cyclopoida: Rotifera: Experimental
Lakes Area; Erickson~Elphinstone
District; Clay Lake; Lake Huron:

Lake Ontario; Lake Superior,

RESUME

Malley, D.F., S.G. Lawrence, M.A. Maclver, and
W.J. Findlay. 1989. Range of variation
in estimates of dry weight for planktonic
Crustacea and Rotifera from temperate
North American lakes. Can. Tech. Rep.
Fish, Aquat. Sci, 1666: iv + 49 p.

On sait que le poids sec des organismes
zooplanctoniques varie d'un lac & 1'autre, d'une
saison @ 1'autre, et ce & cause de la variabil-
ité de 1'abondance des aliments, ou § cause de
1a prédation et de la compétition. De plus, des
différences dans les méthodes de détermimation
du poids contribuent probablement @ cette
variation.

On donne dans le présent rapport le poids
sec calculd & partir des trois dimensions cor-
porelles pour des crustacés et de rotiféres

T iy

provenant de quatre lacs du Bouclier précamb-
rien, dans la Région des Lacs Expérimentaux
situés dans le nord-ouest de 1'Ontario, du lac
Clay prés de Dryden, dans 1'Ontario, et d'une
mare de prafrie prés d'Erickson, au Manitoba.
Des poids secs obtenus directement pour des
crustacés provenant de trois Grands lacs Tauren-
tidiens sont aussi présentés. On présente des
régressions de longeur-poids pour des copépodes
et des cladocéres. Le rapport renferme quelgues
données sur les effets saisonniers, les effets
de 1la profondeur des lacs, la méthode de
préservation, ainsi que sur la variabilité de
1'appiication ~de notre méthode ‘par Tes
techniciens.

Les gammes de variation du poids sec des
organismes zooplanctoniques sont &tablies @ par-
tir de ces données et de celles de la documenta-
tion pubiiée. Pour chacune des nombreuses
espéces de cladocéres, différents auteurs signa-
lent que pour une Tangueur donnér, le poids
varie de 1 @ 10 d'un individu & 1'autre, alors
que pour les copépodes, le poids varie de 14d 3.

Mots-cl18s: Cladocéres; Copépodes;
Cyclopidés:; Rotiféres; Région des
Lacs Expérimentaux; District d'
Erickson-Elphinstone; lac Clay: lac

Huron: lac Ontario; lac Superior.

Calanidés;



INTRODUCTION

Understanding of zooplanktom community
structure and trophic relationships requires
that we know the biomass of individvuals at vari-
aus points in the life cycle. For crustaceans,
grewth and development can praduce large changes
in body size over the Tife cycle. In cladocer-
ans, growth is associated with small developmen-
tal changes such that individuals of various
ages are not morphologically distinet (direct
development}. Nevertheless, the oldest individ-
uals weigh 10-20 times as much as neonates. On
the other hand, growih in copepods is associated
with large developmental changes (indirect
development) such that 12 1ife stages of
increasing body size are distinguishable. In
rotifers, growth and development produce ruch
less change in body size and morphology.

OQur studies therefore focus on  instar
stage in copepods, body length in cladocerans
and at the species level in rotifers. Although
growth and development are primary influences on
individual biomass, body. size at given ages or
life stages is influenced by a number of factors
including season (Hawkins and Evans 1979: Reed
and Aronson  1983), food (Makarewicz and Likens
1979), competition (Hail et al. 1970), lake
trophy (Dumont et al. 1975; Bottrell et al.
1976; Yan and Mackie 1987), and fecundity and
body fat content (Yan and Mackie 1987).

We examine here the range of variation
measured in.the dry weights of 1ife stages of
zooplankton taxa from freshwater Takes of cen-
tral and eastern Canada from 1) estimations of
dry weight biomass of individua! crustaceans
fram Experimental Lakes Area (ELA) Lakes 224,
227, and 302; from Clay Lake, near Bryden,
Ontarfo; and from Lake 885, near Erickson,
Manitoba using the indirect method of Lawrence
et al. (1987); 2} from estimations of biomass of
individual rotifers from five lakes; 3) examina-
tion of unpublished data on biomass of crusta-
ceans from the Laurentian Great Lakes; and 4)
reference to the published literature. The ELA
data presented are hased on material preserved
in & final concentration of 4% formalin. We
repert effects of two preservatives on estimates
of the dry weight biomass of cladocerans of ELA
lakes 226 and 239 and we present preliminary
data on the effects of season and of lake depth
on the dry weight bfomass of copepods.

MATERIALS AND METHODS
SITES AND METHODS OF SAMPLING

Naturally oligotrophic Lakes 223, 224,
226, 227, 230 and 302 are located on the
Precambrian Shield in the ELA, northwestern
Ontario (Table 1). Lake 223 has heen experimen-
tally acidified beginning in 1976. Although
trace amounts of six radiocactive metals were
added to take 224 in 1976, it has not otherwise
been chemically altered. It serves as a refer-
ence lake for whole lake experiments. Lake 225
is @ dovble-basin lake divided by a sea curtain

into northeast and southwest basins. The
northeast basin received additions of P, N and
C, and the southwest basin, N and C, from 1973
to  1980. Lake 227 has been artificially
enriched with N and P each year since 1969. The
watershed of unmanipulated reference Lake 239
has been affected by forest fire and blowdown.
The two hasins of Lake 302 were sepdrated by a
curtain. The north basin (302N) was then
subjected to additions of C, N and P for several
years (Schindler et al. 1980b). When the
barrier between north and south basins was
removed, chemical variables of the north basin
returned to pre-manipulation values within two
years. In 1980, the basins were again
separated by a curtain, and sulphuric acid was
added ta 3025 from 1982 to the present. Nitric
acid was added to 302N from 1982 to 1987 and,
subsequently, hydrochloric acid was added from
1887 to the present.

Clay Lake, a riverine lake in the English-
Wabigoon River system of northwestern Ontario,
was industrially contaminated with mercury
(Table 1), Lake 885 is a saline, hypereutrophic
prairie pothole lake, withaut inflow or outflow
Tocated south of Riding Mountain National Park
in southwestern Manitoba (Table 1)}. It containg
no endogenous fish but was stocked with rainbaw
trout fingeriings annually from 1974 to 1979.

Zooplankton sampling methods for ELA Takes
are described by Chang et al. (1980, 1981, 1983)
and Lawrence and Holoka (1987). Impoundments in
Lake 223 (10 m diameter, 2 m depth) were sampled
by net (Lawrence 1980). Clay Lake and large
impoundments 1n that lake were sampled by
Patalas-Schindler trap as described in Lawrence
and HoToka (1983). Lake 885 was sampled using a
modified Pennak sampler as described in Salki
(1981}. Unless otherwise indicated, zooplankton
samples used in this study from Lakes 223, 224,
226, 227, 239, 302, Clay Lake, and Lake 885 wera
preserved in a final concentration of 4%
Formalin.

Zooplankton samples from Lake 223 for
measurement of individuals were selected from
thase taken during the ice-free season from the
open lake, prior to acidification in 1974, and
during acidification, 1978 and 1980. Impound -
ments in Lake 223 were sampled only in summer,
1978 (Lawrence 1980). The zooplankton measured
from Lake 224 were sampled during 1975 to 197B.
Zooplankten from Lake 227 were selected random]y
with respect to season, depth and year, 1974 to
1978, in arder that single average dry weight
estimates could be applied to a given species or
life stage uniformly over all sampling dates and
locations. Zooplankton taken from Lake 302 and
40 L impoundment vessels incubated in Lake 302
were from the ice-free seasons of 1981 and 1983
(Lawrence and Holoka 1987). Measurements wera
made on the zooplankten of Clay Lake taken from
populations inside and outside of impoundinents
between May and September 1978 (lLawrence and
Holoka ~1983). Specimens from Lake 885 were
collected from the lake and from populations
impounded in 20 L semi-continuously Flowing
systems between 6 and 21 June 1979. Since the
time span was narrow, certain life phases did
not appear.



Species camposition of the zooplankton
communities of bakes 223, 224, 226, 227, and 239
were described by Patalas {1971), Malley and
Chang [(1980), Malley et al. (1982), Chang et
al. (1983} and Malley et al. (1988). The crus-
tacean zooplankton communities of Lake 302, Clay
Lake and Lake B85 were descrihed by Ramsey
(1985), Lawrence and Haoloka (1983) and Salki
{1981}, respectively. Ratifers were identified
using Chengalath et al. {1971}, Ruttner-Kolisko
(1974) and Ward and Whipple (1953). Rotifers
were rare in Lake 8B5 at the time of sampling
and were not measured.

MEASUREMENTS AND CALCULATION OF DRY WEIGHT

Measurements were made to the nearest
0.008 mm with an ocular micrometer along the
three principal axes of individuals, i.e. length
(anterior-posterior), width (lateral), and depth
(dorsoventral) (Fig. 1) using a Zeiss binocular
microscope at magnifications of 31 to 200X
(Lawrence et al. 1987). In general, appendages
such as setae or spikes were not measured but
formulae were adjusted to take bulky appendages
into account. Individual species of cladocerans
and rotifers were measured. Copepod life stages
were each measured separately for the various
species. Eggs of some species were measured.

A simple geometric figure {Table 2} was
judged to approximate the shape of each species
or Tife stage as observed under the microscope.
The volumes of these shapes for crustaceans and
rotifers were calculated using measured dimen-
sions, converted to wet weight by assuming that
1 mm~ weighs 1 mg, and thence to dry weight
assuming the latter to be 7% of live weight for
all species, except fFor Asplanchna sp., for
" which th% conversion factor was 4% (Dumont et
al. 1975},

Measurements were taken on up to 150
randomly-selected organisms of a species or life
stage and the biomass of each organism was cal-
culated using the geometric Formulae. As
described by Lawrence et al. (1987), the Formu-
lae were adjusted, if necessary, to agree with
directly determined dry weights of adult cope-

pods and cladocerans. For example, Daphnia

longiremis, from Lake 302, nect discussed 1in
Lawrance et al. (1987}, was assigned an initial
formula of 4/3wabc. This resulted in a ratio of
actual dry weight to calculated dry weight of
0.66. The agreement was improved to a ratio of
0.94 by modifying the formula for this organism
to 4/3ral.7bc. The formulaz in Table 2 include
the adjusted formulae (B to I).

Expression of body shape as a geomeiric
figure was previously done by Ruttner-Kolisko
(1977) for rotifers. The formulae we use to
calculate rotifer biomass are generally Jless
complex than those of Ruttner-Kolisko in that
they do not include separate calculations for
appendages. In Table 3 we show that the dry
weights we calculate using our formulae are very
similar to those calculated from Ruttner-
Kolisko's formulae excluding the calculations of
the volumes of appendages.

EFFECT OF PRESERVATIVE ON CALCULATEDR DRY WEIGHT

Lawrence et al. {1987} hypothesized that
the discrepancy between calculated dry weight
and measured dry weight for cladocerans was due
to distortion upon preservation. Haney and Hall
{1973) showed that Daphnia preserved in sugar-
formalin were significantly less wide than those
preserved in formalin.

To test the effect of two preservatives on
boady dimensions of cladocerans, some zooplankion
samples taken from Lake 226 (NE and SW basins)
and Lake 239 were preserved in the field in a
final concentration of 5 to 10% fermalin while
others were preserved in sugar-formalin (final
concentration 26-50 g - L-! sugar in 5 to 10%
formalin). Length, width and depth were meas-
ured on individuals of three cladoceran species
and weight was calculated according to formula H
(Table 2). To examine if width, depth, or cal-
culated dry weights were affected by the preser-
vative, we used analysis of covariance to test
for differences hetwesn preservatives in length-
width, length-depth and length-weight relation-
ships. MWe assumed. that ocrganism Tength was not
differentially altered by the two preserva-
tjves. Mean lengths of arganisms in the two
treatments were compared by analyses of variance
to determine whether the populations of organ-
isms sampled differed in mean length.

The width and, consequently, the calcula-
ted weights for D. retrocurva were lower by 14
to 24% in sugar-formalin than in formalin alane
{Table 4}, The difference in weight dve to pre-
servative was greater for the small D. retro-
curva (36% Jower) than for the large [13% Tow-
erj. For D. galeata mendotae both widths and
depths were lower in sugar-formalin resulting in
28% lower overall weight in the Tatter preserva-
tive. Again the difference was greatest for the
smaller organisms.

Generally, the dimensions of Diaphanpsoma
birgei and the calculated wefghts were not
affected by preservative. Bosmina lengirostris
had lower width and depth 1in sugar-formalin and
this generally resulted in Jlower calculated
weight in this preservative.

Thus, our data confirm the finding of
Haney and Hall (1973) that sugar~formalin signi-
ficantly reduces the width dimension of daph-
nids. The gaping of the carapace, associated
with preservation in formalin, causes the volume
and the calculated weight to be overestimated
(Lawrence et al. 1987). However, the decrease
in wvolume associated with reduced gaping 1im
sugar-formalin is not sufficient to reduce cal-
culated dry weignts to the observed dry weight.
The empirical cerrection factors used by
Lawrence et al. (1987} are generally larger than
the proportion attributable to gaping alone. It
is important to note that the formulae reported
in Table 2 are valid for formalin-preserved
Daphnia and Bosmina and not for those preserved

in sugar-formalin.



COMPARISON OF MEASUREMENTS BETWEEN WORKERS

Since calculated biomass is dependent upon
the accuracy of measurement, measurements made
on the same specimens by two workers were com-
pared. The two workers measured the same 10
specimens of each of Cyclops bicuspidatus thom-
8si and Holopedium gfbberum {TabTe §J. ~ There
were few Significant differences in average
measurements and calcelated dry weight between
the two workers. The measurements of one worker
were not consistently larger or smaller than
those of the other. There appears to be varia-
bility in weight estimates due to fnaccuracies
in the process of measuring but Jittle worker
bias.

STATISTICAL ANALYSIS

Dimensional data were analyzed by standard
statistical methods. To compare dry weights of
organisms taken from different Tlake depth stra-
ta or season, we used analysis of variance.

lengths and calculated weights were trans-
farmed by using natural logarithms to normalize
the distributions and reduce inequality among
variances (Persson and Ekbohm 1980; Prepas
1984). Ln dry weight of the zooplankters was
regressed against In length according to the
equation:

Taw = Ina + b InL

where Tnw 1is the natural Tlogarithm of the dry
weight in pg; Tna is an estimate of the
y-intercept; b is an estimate of the slope; and
tnl is the log-transformed length measurement in
M7t » Confidence 1limits around the slope,
residual mean squares, and the variance of Inl
ware calculated according to standard linear
regression methods. Slopes of regressions were
considered to be significantly different if
thelr confidence intervals did not averlap.

Once the regression equation has been
prepared for a species or 1ife stage, it can in
turn be used to calculate average dry weight
from a mean of Jlog-transformed length {TnL)
according to McCauley (1984):

Tnw = Tna + b InL

To do this, Persson and Ekbohm {1980) and
McCauley (1984) suggest using calculations to
avoid the bias which accompanies the conversion
of the average Tnw to weight in arithmetic
units. Bird and Prafrie {1985), however, evalu-
ated this use of 7Tn[ and found that weight may
be significantly underestimated. They suggest
that the Tnw of each 1nL be obtained, that these
values be iransformed to arithmetic units using
their equation to aveid bias, and that the
arithmetic weight be averaged to obtain a mean
weight.

Statistical significance was accepted at
the P = 0.05 tevel.

RESULTS
COPEPODS

Estimated dry weights individual 1ife stages

The dimensions and calculated weights of
calanoid copepeds of the genus Diaptomus and of
Epischura lacustris are reported in Table 6.
Diaptomus minutus occurred in five of the six
lakes whereas 0. oregonensis occurred only in
Clay Lake, 0. sicilis onily in Lake 224, and D.
siciloides only in Lake 885. \Where adults of
only ane species of calanoid were present in a
sample, nauplii in that sample were designated
as that specfes. However, most samples contain-
ed more than one species of calanoid, including
occasionally the large predator, E. lacustris.
Therefore, in Tabhle 6, nauplii from Lake 224
represent more than one Diaptomus species and
from Lake 227 are D. minltus with a few E.
lacustris. -

For all 1ife cycle stages, weights of D.
minutus from Lakes 223 and 302 are approximateiy
the same. The copepodid stages of D. minutus
from Lake 227 are generally heavier Than those
from Lakes 223 and 302. For all life stages,
the wefght estimates for D. oregonensis of Clay
Lake and D. sicilaides of Lake 885 are similar
to each other.” The calculated waight estimates
for E. Tacustris from Lakes 227 and 302 {though
based on relatively few organisms) are generally
similar. With the exception of one life stage,
however, E. Tlacustris of Llake 223 are much
heavier than those in the other lakes.

The dimensions and calculated weights of
cyclopoid copepods are presented  in Tabhle 7.
Cyclops bicuspidatus thomasi occurred in all
study Takes. Tropocyclops prasinus mexicanus,
the smallest of the copepuds, occurred in all
except Lake 885 and Mesocyclops edax occurred in
all Tlakes except Lake 224. Cyclops vernalis
occurred in lake 302, Clay lLake and rarely in
Lake BB5. As for calanoids, where possible, the
nauplii in Table 7 are fidentified to species.
Variabiiity between the weights of unspecified
cyclopeid nauptii and copepodids reflects dif-
ferent mixtures of species. A large difference
in size is always evident between female and
male (F,M) adults. F:M bfomass ratios range
from 5.2 in M. edax {Clay Lake) to 1.7 in T. p.
mexicanus (Lake 228) (Table 7). With the excep-
tion of adult females, the estimated weights for
C. b. thomasi of Lakes 223 and 885 are similar.
The “weTghts of adult C. b. thomasi of Clay Lake
are very similar to those of Lake 223. The
mature and immature copepodids of C. b. thomasi
from Lakes 224 and 227 are similar n weight.
The weights of adults of this species from Lake
302 are very much Tower than those Ffrom the
other study Takes. A1l 1ife stages of T. p.
mexicanus found in Clay Lake are heavier than
these organisms in ELA lakes. The copepodids of
this species in Lakes 223 and 227 are similar in
wefght to sach other but heavier than those in
Lakes 224 and 302, which, in turn, are similar
to each other. The weights of mature and imma-
ture copepedids of M. edax are not always simi-
lar among lakes. The adiTts of this species in
Clay take and Lake B85 are up to four times
heavier than those in ELA Takes.




Variation in dry weight with Take stratum and
season ‘

Dimensions and calculated weight of D.
minutus in Lake 223 varied with the depth stra-
tum from which the organism was sampled (Table
8). Organisms sampled Ffrom the epilimnion al-
ways weighed significantly Tless than those
sampled at the same time Ffrom the hypolimnion.

The weight of C. b. thomasi varied greatly
with season, particularly For females (Table
8). Similarly, D. minutus taken in May weighed
less than those taken in October (Table B).

Length-weight relationships

Generally, copepods have Tlength:weight
regressions with slopes between 2 and 3, as
expected. Exceptions are those for some adult
cyclopoids where slopes were between 4 and 5§,
and for aduTt D. minutus of some Takes, where
slopes are below 2 (Table 9}, Figure 2 shows
length-weight regressions for each [ife stage
and for combinations of Tife stages of L. b.
thomasi. As seen in Fig. 2A showing each naup-
Tiar stage, the regression coefficients based on
organisms over a short Tength range are variable
(1.2 to 4.1). However, the regression equation
based on combined N1 to W6, has a slope of 2.2,
within the range of expected values., This ef-
fect of range of length is seen also in Fig, 2B
for copepodids Cl1 to C5. Figure 2C shows that
slopes above 3 for cyclopoid adults are due to
an artifact from calculating a single regression
through weights of both female and male organ-
isms. As indicated in Fig. 2C, the slopes for
each of females and males are lower than for the
two sexes together., In Fig. 2D, the relation-
. ship for copepodids C1 to C6 has a slope of 2.5
compared with that for C1 to C5 of 2.6 and for
adults of 4.1. The overall slope for N1 to C6
(Fig. 2E} 95 only 1.95. This Tow slope s an
artifact of forcing a single regression Tine
through two distinct data sets, separated by a
gap in organism length. The separation is due
to the metamorphosis from N6 to CI which invol-
ves a rapid increase in crganism length without
a proportionate increase in weight.

The Tength-weight regression equations for
some species, e.g. M. edax and C. b. thomasi,
do not vary ameng lakes.

Regressions calculated
for some stages of T. p. mexfcanus, are similar
ampng lakes, but for other stages are very dif-
ferent. For example, regressions for the naup-
111 of 7. p. mexicanus, and for copepadids are
very simitar between Lakes 227 and (lay lake,
but those of adults and other life stage combin-
ations are different between the two Takes.
Regressions for different cyclopoid species are
not generally similar to one another.

The regression equations for [. minufus
are similar among Takes for immature copepodids,
immature copepodids plus adults and For all
stages together, but not for nauplii or adults
along. The regressions for D, oregonensis and
D. siciloides are similar to each other, but
different from those for D. minutus. The egua-

tions for E. lacustris differ from those of
other calanoids and from lake to Take.

CLADDCERANS

Of the twelve cladoceran species in the
Jakes examined, Diaphanosoma birgei (D. brachy-
urum in Chang et al, 1980, 1981, 1983) and Bos-
mina longirostris occurred in all except Lake
885. In. the Tatter Take, the only prominent
cladoceran was Daphnia schoedleri. Daphnia gal-
eata mendotae, from Lake 223 in our study, may
be” a mixture of O, g. mendotae and D. dubia.
Chydorus sphaericus %ctua]]_y a mixture of 1it-
toral chydorid specfes} occurred sporadically in
pelagic samples from Lake 227 (Chang et al.
1980}, 224 (Chang et al. 1983) and 302
{Lawrenca and Holoka 1987).

Length-weight relationships

Length-weight relationships calculated for
species of cladocerans from the three geographi-
cal areas are given in Teble 10. The slopes of
these regressions are near 3 except for Holoped-
ium gibberum in Lakes 223 and 302 for which
slopes are more variable.

A regression based on 70 B, g. mendotae of
Lake 223 in 1978 dincluding necnates, females,
males, and egg or embryo-bearing females is not
different from the regression for 43 females ex-
cluding neanates and egg-bearing individuals
{Table 10). A regression based on 76 D. g. men-
dotae in Lake 223 in 1974 of mixed age, sex and
reproductive status is virtually identical with
the Ttatter two. Thus, presence of eggs and
males has little influence on the regression.
The slopes of the regressions far this species
are similar regardless of lake, but the
y-intercepts for organisms from Lake 224 and
Clay Lake differ from each other and from those
of Lake 223,

The regressions for D. longiremis of Lake

302 and D. g. mendotae of Clay Lake are simi-

lar. The slopes of regressions for D. retro-
curva of Lake 227 and Clay Lake are the. same,
but the y-intercepts differ. The regressions
for D retrocurva of Lake 227 and D. g. mendotae
of Lake 224 are very similar to each other. The
regressfon for D. schoedleri of Lake 885 does
not resemble that for any other daphnid. The
regressions for D. .birgei of Lake 223 and for
directly weighed 0. birgei are the same, The
stopes of the regressions for D. birgei from all
the lakes are similar to each other and resemble
those of the Daphnia species, but the
y-intercepts may vary.

Regressions fer B. Jlongirostris of Lakes
224, 227 and Clay Lake and for L. sphaericus of
Lake 223 are very similar. The regressions for
B. longirostris of the two year classes of Lake
302 are similar, but they do not resemble any

of the other regressions for this organism.

Regressions for H. gibberum are based on
several different geometric formulae (Table
10). The two regressions for Lake 302 are
similar and resemble that for Lake 223 organisms
¢ 1 mm lony. Regressions for Lake 223 organisms

do not resemble those from Lake 227.



ROTIFERS

NDimensions, formulae and calculated dry
weights of rotifers of FLA Lakes 223, 224, 227,
and 302 and of Clay Lake are presented in Table
11. Keratella cochlearis from Clay Lake are
estimated fo be Four times heavier than those
taken from the ELA lakes. Otherwise, individual
species vary very 1ittle in biomass from lake to
lake, except For Synchaeta, Ascomorpha and Aspl-
anchni, where the differences among lakes could
be due to the presence of different species.

EGGS

The average dimensions and calculated big-
mass of eggs of organisms taken from several ELA
lakes are given in Table 12, The eggs of roti-
fers weigh 25-35% of the adult body weight.
Eggs of copepods are 1% or less of adult female
weight., The eggs of calanoids are larger than
those of cyclopoids even for equal-sized
females. The eggs of cladocerans are approxi-
mately 10% of the estimated weight of mature
females except for those of H, gibberum which
are only about 1% of the body “wefght of the
Tfemale,

DISCUSSION
METHODS OF DRY WEIGHT DETERMINATION

Several techniques have been used for the
determination of dry weight biomass of zooplank-
ton individuals. The First is drying and direct
weighing of organisms, individually or in groups
(Richman 1958; Burns 1969; Doohan and Rainbow
1971; Dumont et al, 197%; Pederson et al. 1976
Persson and FEkbohm 1980). Frequently, the
organisms are measured (usually the length)
before drying in order to calculate dry weight-
Tength regressions (reviewed in Bottrell et al.
1976 and McCauley 1984) which subsequently can
be used to estimate the hiomass of organisms of
known length. Occasionally, the dry weights of
large numbers of organisms are averaged. This
may be satisfactory for cepepods of like life
Stage and sex or for rotifers but is not usefyl
for cladocerans.

Secondly, volume of organisms may be esti-
mated and converted to wet- or dry-weight hio-
mass {Hauwerck 1963; Ruttner-Kolisko 1977;
Bottrell et al. 1976; Pace and Orcutt 1981;
Lawrence et ai. 1987). Usually volume is
estimated by equating the organism to a common
geometric shape, the volume of which is calcy-
lated using measured axial dimensfons. These
weight estimates also may be regressed against
length.,  Calcutation of volume from geomatric
shapes had been used primarily for rotifers
until it was extended to crustaceans by Pace and
Orcutt (1981). In a third method, volume is
measured by displacement of scale models of
zaoplankton individuals (Lewis 1979).

VARIATION IN INDIVIDUAL DRY WEIGHT ESTIMATES
Copepods

Our directTy-obtained and calculated dry
weights for species of copepods are generally
within the range of values found by other work-
ers {or these organisms from other temperate
Horth American lakes (Tahle 13). There are some
exceptions. Our estimates far naupliar D. minu-
ius are an order of magnitude less than those
for  organisms  from Clear lLake, Ontarig
{Schindler and Noven 1971). Adult male and
female D. sicilis from Lake 224 are only one-
guarter and one-half the weight, respectively,
of weights reported in the Titerature. Male and
female C. b. thomasi from Lake 302 are VEry much
smaller and Tighter in weight than those from
other ELA lakes and from the literatyre. The
M. edax of lake 885 appear to be much larger
than reported elsewhere except for those found
in a pond in Mew York State by Hall et al.
{1970}. The weights for D. minutus raparted by
Roff and Kwiatkowski (1977) are about 2 tp §
times greater than our values or those of other
workers,

Cladocerans

The calculated biomass estimates of species
of cladocerans from our lakes fall, with a few
exceptions, within ranges found for these organ-
isms in other North American temperate lakes
(Table 14}. The calculated weights for our very
small B. Jlongirestris are below -the range of
other publ7shed estimates for this organism, al-
though the upper end of our range is generally
similar to that of others. The lower Timit of
the weight range for D. retrocurva in our lakes
is much lower than those for Lake Erie {Culver
et al, 1985) or Lleke Michigan (Hawkins and
Evans 1979}, The upper limit of our waight
range of calculated values for D, birgei is much
greater than reported ranges.” Five organisms
out of 408 were greater than 1.2 mm in length,
I¥ these five are omitted, the range of weight
is reduced to D0.56 to 9.5 g, closer to other
pubTished ranges,

Rotifers

Biomass of rotifers fs most often calcu-
lated from geometric values by occasionally
rotifers are dried and weighed. Our calculated
vaTues generally fall within the ranges of val-
ues published by other workers ({Table 15).
There are some exceptions. Gastopus stylifer,
Kellicottia bostoniensis and K. taurocephela in

ELA Tlakes are Jighter then these in other
lakes. Keratella hiemalis and Trichocerca

cylindrica in ELA lakes are much heayier than in

ather Takes. Rotifer biomass may be affected by
the trophy of the lakes from which they are
taken. Lake Erken in Sweden is described as
naturally eutrophic {Nauwerck 1963} and Clay
Lake in Ontario fis mesotrophic {J. Rudd,
Freshwater Institute, pers. comm. ). The rpti-
fers from these lakes tend to he larger than
those from the oligotruphic lakes of ELA, e.g.,
comparison between G. stylifer and A. priodonta
in Lake Erken and ELA lakes; K. cochlearis in

Clay take and ELA lakes (Table I5).



LERGTH-WEIGHT RELATIONSHIPS
Copepods

As animals grow, weight increases approxi-
mately as the length cubed {Peters 1983). Fur-
thermore, length-weight regressions caiculated
For a population of a species are expacted to
have a stope of about 3. The average slope of
length-weight regressions for a wide variety of
animal species reported by Peters (1983) is 2.43
(4 = 21, S.0.= 0.81, wedian = 2.98, range = 2.0
to 3.45).

several factors can cause the slope of the
regression te deviate from the theoretical maxi-
mum value of 3. Nauplii and copepodids show
different patterns of growth {Lawrence et al.
1987). With developwent, nauplii tend to elon-
gate Ffaster than they grow in the other two
dimensions and therefore have lower regression
slopes than do copepedids which tend to grow
more or less propertionately in three dimensions
(Table 9, Regressions 39, 40 vs 51 to 55). This
is also shown in Fig. 2A vs 28,

A second feature of copepod growth is a
dramatic elongation at the metamorphosis from NG
to Cl. This can be seen in Fig. 2E. As a con-
sequence, the regression equations calculated
for pauplii and copepodids together have a lower
slope than for either nauplii or copepodids
alone {Table 9, Regressions 106 to 108).

Figure 2C shows an increase in slope with
cambining of the sexes. Females and males
exhibit different growth rates. The slope of
the regression for combined sexes (Table 9,
Regression No. 69) s greater than that for
either sex (Fig. 2, CGF, C6M). The large slope
of C5 {Fig. 2B) is also the result of combining
females and males.

Spurious deviations from & slope of 3
pccur when the langth range is very small. Fig-
ure 2 shows highly variable regression slopes
for individual naupliar and copepodid stages.

Therefore, to use the equations in Table 9
to calculate dry weight for organisms of known
length and tife stage, we recommend that either
the equatfons for "nauplii" (Regressfon No. 1 to
6, and 39 to 50) and for "copepodids + adults"
(Kos. 27 to 34; 89 to 105} be used. However, if
organisms have only been measured and have not
been identified to Tife stage, then the "all
Tife stages" {No. 35 to 38; 106 to 115} may bhe
used,

Table 16 shows tha results of using vari-
ous equations from Table 9 for organisms of sel-

ected lengths. For example, weight of D, minu-

tus of Lake 223 of 0.7 mm length is calculated
To be 1.098 pg using the "copepodids" regres-
sion {No. 7), 1.118 ng using the “adults”
regression {Ho. 16), 1.086 wug using the
"eppepodids + adults” regression (Ne. 27), or
1.191 ug using "all l1ife phases" regression
{o. 35). The range of these estimates is 9% of
their mean. For C. b. thomasi of Lake 223, the
range of estimates using various life stage
regressions for an organism of 1.0 mm tength is

259 depending upon the regression eguation used
(Tabla 16).

There are differences for a species
depending upon the lake for which the regression
was calculated (Tahle 16). For example, weights
of C. b. thomasi of 1.0 mm Tength calculated
from "copepadid + adult" regressions varied from
2.2 to 2,3 pg in ELA Takes to 2.5 pg in Lake 8BS
and to 5.7 pg in Lake Erie.

From Table 18, the differences im body
size among species are clearly seen. Tropocy-
clops mexicanus adults are short and light-
weight, whereas E. lacustris are Jonger and
heavier, Effects of varjation in body shape
among species can also be seen on weight esti-
mates. For example, weights calculated from the
"copepodid + adult" regressions for C. b, thom-
asi of 0.5 mm length, are lighter than E. lacus-
tris, D. siciloides and M, edax.

Pace and Orcutt (1981) obtained & regres-
sion for D. siciloides from eutrophic Lake
Oglethorpe which is virtually identical to the
ane we -obtained for that species from hypereu-
trophic Lake 885. Ueight estimates for (. b.
thomasi copepodids of a given length from Lake
Erie using the equations of Culver et al.
{1985}, are up to three times higher than ours.
Of the equations generated by Culver et al.
(1985) for copepods of lake Erie, only that for
C. vernalis resembles those forwed for organisms
from our lakes. Those workers usually calcula-
ted regressions for female copepodids whereas
ours are based on male and female organisms.

Cladocerans

Regression equations for some cladoceran
species are similar; however, not all equations
for a given species are the same from lake fo
lake (Table 10). Organisms from Lake 224 are
slightly Tighter, and those of {lay Lake two
times heavier, for a given length, than those of
take 223 (Table 17}. '

In general, D. birgef have similar regres-
sions to D. g. mendotae and within the common
length ranges produce similar weight estimates
(Table 17). Culver et al. (1985) observed sim-
ilarity between these two species in & study of
Lake Ontario and Lake Erie organisms. The equa-
tion for D. schoedleri of Lake 835 resembles
that for organisms ot Lake Danard (Hayward and
Gallup 1976); the weights produced for common

“lengths (Table 17) are 23-27% different. The

range for D. schoedleri of Lake 885 is larger on
both upper and Tower ends than that from Lake
Danard ({Hayward and Gallup 1976}, although,
within the common range of Tengths, the weights
are in general agreement (Table 17). The egua-
tion for B, schoedieri of Lake Danard more
closely resembles that of D. Jongiremis of Lake
302, If weights are estimated for C. sphaeri-
cus, B, Tongirostris, D. g. mendotse and [.
birgei, usfng the regressions reported by Culver
et ai. (1985), the resulting weights are up to
10 times higher than the weights we calculate
for individuals of the same lengths using our
regressions (Table 17).

The regressions for B, Tongirostris fall
inte four groups: Lake 223, Lake 7223 impound-
ments, bake 302 (which resembles that of 0. g.
mendotae of Clay Lake), and Lakes 224, 227 and



and Clay Lake {which resembie those of L. sphae-
fig%;lof Leke 223 and small H. gibberum of Lake
27). .

Equations for H. gibberum are generally dif-
ferent from one another.  Intercomparisons of
regressions for Holopedium produce weight esti-
mates for a common series of lengths which dif-
fer by more than two times {Table 17). Equa-
tions produced by Yan and Mackie {1987) For this
species resemble those for Lake 223 arganisms
{using formula E, Tahle 2, for weight calcula-
tions). However, as seen in Table 17, the
weight estimates Ffor individuals of a given
tength vary greatly depending upon the Tength-
weight regression used. Yan and Mackie {1987)
have shown that simple length-weight regressions
can predict the weights of Holopedium on a lake-
to~iake basis, bhut that consideration of clutch
size and a body fat index significantly improved
estimates of dry weight.

FACTORS AFFECTING DRY WEIGHT OF INDIVIDUALS

Adult C. b. thomasi of six lakes provide an
example of large variation in average dimensions
and dry weight with life stage within a single
species (Table 7). Part of this variation is
the result of seasconal variation as seen in C.
b. thomasi from Lake 223 (Table 8) and from Lake
Michigan (Hawkins and Evans 1979). According te
Warren et al. (1986), seasonal change in copepod
size is governed primarily by temperature, and
secondly by seasonal predation by young-of-the-
year fish. Reed and Aronson (1989) also found
that total lengths of copepodids of C. b. thom-
asi verfed with water temperature, Diaptomus
minutus males and females of Lake 223 indergo a
less pronounced varfation in size with season
(Table B). As Mawkins and Evans (1979} found in
Lake Michigan oryanisms, weight is high in early
spring and late fall, and low in summer.

There are also Take to Take differences
not attributable to season. Samples of C. bh.
thomasi from both Lakes 302 and 885 were taken
in Tate spring but are very diffarent in mean
size and weight. Lake trophy may be a factor.
Lake 302 1s oligotrophic, and Lake 885 is hyper-
eutrophic.  Carter et al. (1983) reported an
influence on body length of adult female D.
minutus of Secchi depth and true water colour of
the Take water. They hypothesized that less
transparent waters provide a measure of protec-
tion against visually feeding fish predators,
thereby favouring siightly larger adults.

Lake trophy and manipulation affect the
weight per unit length of cladocerans {(Table
17). The B. langirestris of 0.4 mm length from
experimentally eutrophied Lake 227, and meso-
trophic Clay Lake are about twice as heavy as
those of oligotrophic Lakes 223 and 302. Organ-
isms obtained from an impoundment in Lake 223
are about 50% heavier than those taken from the
open Jake at the same time. The D. g. mendotae
in mesotrophic Clay Lake are about two times
heavier than those found in oligotrophic ELA
lakes. The same trend is seen in H. gyibberum of
aligotrophic Lake 223 and eutrophic Lake 227.

In summary, though we do not understand well
the basis of body size variation in organisms
within and between lakes, several factors can be
Tnvaked, e.g., climate, food source, predation,
competition, season and lake morphemetry and
trophy. As well there may be genetic variation
in 1ife history parameters. Wyngaard (1986) has
reported that there is & genetic component in
the variation in body size of M. edax from two
geographical locations.
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"Table 2. Geometric figures and their formulae used to calculate
volumes of zooplankters. Formulae are for organisms
preserved in 4% formalin.

e Factor for
Shape Formula adjustment for Designation in
: appendages/gape tables following

General ellipsoid 4/3n (abc) A
of revolution
4/3n (abc) x 1.25 B
4/3r{abc) x 1.4 C
4/3n (abc) x 1.5 D
4/3n {abc) X 2 E
4/3r (abc) x 3 F
4/3n (abc) x 0.3 G
4/3n (abc) x 0.5 H
4/3n (abc) -x 0.7 I
Elliptic cylinder n (1bc) J
Cone 1/3w(1bc) K
Rectangular polyhedron lwd L

length/2; b = width/2; ¢ = depth/2; 1 = length; w = width;
depth.

(=1
Hou
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Table 3.

sets of calculations
depths given in Table 11,

Rotifer dry weights calculated using formulae given in this
paper (Table 11} and those of Ruttner-Kolisko {1977). Both
are based on mean lengths, widths and

weight, pg individual-?

Species Ruttner-Kolisko This paper
formula®
Asplanchna priodonta 0.533 0.525
4/3r (ab?)
Canochilis unicornis 0.010-0.013 0.021-0.028
m (162 )/3
Gastropus stylifer 0.015-0.020 0.015-0.020
w{1bc)
Kellicottia Tongispina 0.007-0.008 0.014-0.017
7 {1b%}/3
Keratella cochlearis 0.002-0.011 0.009-0.044
7 (1b%)/6
K. hiemalis 0.027 0.027-0.028
Twd
Polyarthra major 0.161 0.127
Twd
P. remata 0.012-0.018 0.010-0,015

Twd

0.039-0.049
Twd

P. vulgaris

0.031-0.041

e Formulae for volume of the rotiferan body from
(1977); appendages not included in
converted to
7% wet weight
weight).

(except Asplanchna where
Terms a,b,c,1,w,d as in Table 2.

Ruttner-Kolisko
calculations.
dry weights assuming 1 mm® = 1 ng and dry weight is
dry weight is

Volumes are

4% wet
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The effects of two preservatives on two body dimensions and calc-
ulated dry weights of cladocerans. Width, depth and weight are
adjusted Y-means from analysis of covariance, using length as the
X-variable. Mean lengths are compared separately by analysis of
variance. P is the probability that the adjusted Y-means or

“means of the Tengths are the same.

Tfeatment

Adjusted Y-Means Observed Mean
Length, pm

N Width, um Depth, um Weight, pg

Daphnia retrocurva

Lake 226 NE (all sizes:lengths 527 to 1597 um)

formalin 82 284.0 390.8 2.128 921.6
sugar-formalin 46 233.4 383.4 1.827 952.3
P 0.0001- 0.31 0.019 0.54

Lake 226 NE (small:lengths 527 to 853 pum)@

formalin 16 283.0 294.8 1.088 681.6
sugar-formalin 20 186.7 275.5 0.693 : 720.6
p 0.0002 0.0668 ' 0.0007 0.16

Lake 226 NE {large:Tengths 899 to 1597 ym)d

formalin 26 291.3 456.2 2.917 1069.3
sugar-formalin 26 262.6 460,1 2.550 1130.6
P 0.0164 0.70 0.0103 0.16

Lake 226 SW {all sizes:lengths 574 to 1395 pm)

formalin 45 312.9 374.3 1.963 861.4
sugar-formalin 45 222.7 370.3 1.494 882.4
p <0.0000 0.58 0.0001 0.57

a8 Subsets of lLake 226NE, all sizes.



Table 4. (cont'd.) 15
Adjusted Y-Means Observed Mean
Length, um
Treatment N Width, pum Depth, um Weight, ug
Daphnia galeata mendotae
Lake 239 (all sizes:lengths 574 to 1457 um)
formalin 70 442,2 491.4 4,042 964.6
sugar-formalin 82 334.8 471.0 2.950 976.3
P <0.0001 0.0045 <0.0001 0.69
Lake 239 (small:lengths 574 to 946 pm)
formalin 34 458.0 411.9 2.966 812.6
sugar-formalin 34 325.7 383.8 1.955 814.9
P <0.0001 0.0081 <0.0001 0.92
Lake 239 (large:Tengths 961 to 1457 pm)
formalin 36 425.9 556.9 4.896 1108.1
sugar-formalin 48 342.1 539.8 3.776 1090.5
P 0.0004 0.071 0.0001 0.49
Diaphanosoma birgei
Lake 226 NE,SW
formalin 32 302.7 300.7 1.469 711.2
sugar-formalin 33 303.0 292.6 1.623 739.2
p 0.99 0.49 0.35 0.62
Lake 239
formalin 82 262.6 298.7 1.156 743.2
sugar-formalin 84 264.1 319.5 1.213 696.7
P 0.85 <0.0001 0.26 0.0386
Bosmina longirostris
Lake 226 NE, SW
formalin 69 167.8 259.9 0.286 316.9
sugar-formalin 56 157.9 245.0 0.249 329.1
P 0.0186 0.0002 0.0002 0.23
Lake 239, Sample 1
formalin 34 166.5 267.3 0.293 325.8
sugar-formalin 35 158.6 251.0 0.258 340.9
P 0.0391 0.0002 0.0002 0.22
Lake 239, Sample 2
formaTin 85 144.7 224.9 0.183 285.0
sugar-formalin 94 136.4 216.0 0.178 286.4
P 0.0008 0.0016 0.63 0.84
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Table 5. Comparison of measurement§ and calculated dry weights (means *
S.E.) by two workers on adult female Cyclops bicuspidatus thomasi

and on Holopedium gibberum.

Length, um Width, pm Depth, um Weight, -
pg individual-t

Cyclops bicuspidatus thomasi, N = 10

Worker 1 1238.0t11.7  349.1:4.6  252.8#6.2  4,014%0,187
Worker 2 1204.0¢11.3  351.3t2.3  273.7%#4.3  4.320%0.147
Worker 2 .as % | '
vorker 1 98.9 -~ 100.6 108.3 107.6
Difference N.S. N.S. P <0.05 N.S.

Holopedium gibberum, N = 10

Worker 1 1184.1+98.1 345.6+18.0 462.4+34.3 7.866+1,810
Worker 2 . . 1172.0¢88.1 331.2+18.3 412.8+24.9 6.460+1.199

workef 2-as %
Worker 1 _ 89,0 95.8 89.3 82.1

Difference N.S. N.S. CNLS. N.S.
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Table 6, Dimensions and calculated dry weights (means ¢ S.E.) of 1ife stages of

of species of cglanoid copepods from six lakes. Formulae are defined in
Table 2, One mm” volume s assumed to weigh 1 mg (wet weight) and dry
weight is assumed to be 7% of wet weight. N is the number of dindividuals
measured. F and M are female and male, respectively., Length is the longest
dimension along the anterior-posterior axis, width is the Tateral dimension, -
and depth is the dorso-ventral dimension (Fig. 1). Data for organisms from
Lake 223 are taken from Lawrence et al. 1987.

Species/ Length Width Depth dry Weight
Life stage/ Llake H 1m nm pm Formula i)
Sex
Nauplius 2238 10 J132.2+« 0.9 69.4% 0.6 65.2+ 0.8 D 0.033%0,001
1 2240 11 145,6+ 4,2 Bl.7+ 2.0 69.7¢ 1.8 0.046%0.003
227 24 131.3+ 1.0 71.9¢ Q0,7 64,0+ 1.1 0.033+£0.001
joea 20 141.0¢ 1.5 72.2% 1.4 68.2% 1.6 0.039+0.002
Clayt 10 132.9+ 1.9 80.8¢ 1.4 73.0¢ 0.9 0.043+0.001
ggsd 10 161.9+ 2.9 B4.3% 1.3 73.0¢ 1.0 0.055+0.002
Naupiius 2238 10 153.4+ 1,9 80.2+ 1.1 77.5% 1.3 D 0.053+£0.002
2 224b 10 176.0+ 3.0 96,1+ 1.4 80.2% 1.9 0.075+0.004
227 29 157.2¢ 2.2 8.0+ 0.9 77.4% 0.9 : 0.057+£0.002
j0ze 20 152.8+ 1,9 77.4% 1.3 74.6% 1.5 0.049+0,002
Clay® 10 173.1¢ 2.1 90,5+ 1.5 85.3¢ 1.4 0.074x0.003
885d 10 184.7+ 5.7 50.4+ 0.9 8.8t 1.4 0.075+0.004
Nauplius 223d 10 192.4+ 2.8 93.2+ 1.1 86.0+ 1.0 0 0.085+0,003
3 2240 10 213.7t 3.4 104.3t 1.7 83.9+ 0.9 0.103+0.003
227 26 189.3+ 2.0 97.6% 0.8 B88.3+ 1.0 0.090+0.002
3028 20 181.6% 2.2 88.8+ 1,3 84.8% 1.1 0.075+0.002
Clay® 10 201.1+ 1.7 104.4+ 1.0 97.0+¢ 1.8 0.112+0,003
gg5d 10 217.4¢ 4.6 102.0t 0.0 9.4+ 0.9 0.110+£0.003
Nauplius 2234 10 224 .5+ 1.1 106.2%t 0.9 97.7¢ 1.4 0 0.128+0,002
4 224b 11 246.9+ 2.4 114.3t 1,1 98.8+ 0.9 0.154:0,004
227 24 226.0+ 3.2 110.3+ 1.0 93.1+ 1,0 0.135+0.004
3p2d 20 212.4+ 1.9 97.2+ 1,1 96.6% 2.0 0.110+0.004
ClayC 10 234.6¢ 3.1 119.9+ 1.8 107.0+ 1.6 0.166+0.006
ggsd 10 242,1x 4,0 109.4+ 0.9 95.9+ 1.0 0.140+0.004
Nauplius 2238 10 257.0t 2.6 114.2% 1,2 107.6% 1.5 C 0.163£0.005
5 224b 10 295.0t 6,3 127.4%¢ 1.4 112.3% 1.1 0.223£0.011
227 22 269.5% 2.8 118.0+ 1.1 104.6% 0.9 0.171+0,004
jpoz@ 20 246.2t 4.6 109.B+ 1.4 103.0t 2.0 0.143+0,004
Clay® 10 283.3¢ 2.2 123.8% 1.7 125.0% 2.4 0.226+£0,008
ag5d 10 278.7¢ 2.4 118.%% 1.4 105.0% 1.3 0.168£0.009
NaupTius 2234 10 291.5+ 1,9 119.9% 1.3 123.1% 1.1 B 0.197£0.003
5] 224b 11 357.4+ 6.2 141.6% 2.0 123.4+ 1.3 0.287+0.010
227 20 331.0+ 8.0 128.8: 2,4 119.0ft 1.3 0.237+0.015
3028 20 275.4% 5.7 107.0¢ 1.8 105.4% 1.7 0.144+0.007
Clay© 10 340,1x 6.2 137.1¢ 1.4 147.,4+ 2.5 0.316+£0.014
gasd 3 324.0+ 9.3 128.0+ 0.0 119.0%¢ 2.0 0.226+£0.010
d  Diaptomus minutus
b Diaptomus spp
3 0. oregonensis

D. sic

iloides
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Species/ Length Width Depth Dry Weight
Life stage/ Lake N um um um ug
Sex
Copepodid 2232 20 415.1%+ 3.2 127.3t 1.3 115.%% 0.279+0.006
1 2eab 17 458.0t14.1 142.8t 5,3 105.0¢ 0.3310.031
224¢€ 1 564 192 126 gd.625
2274 13 44,2+ 6.0 132.4% 1.9 112.5% 0.306+£0.012
227¢ 5 481.4+ 8.9 158,72 5.5 133.2t 0.468+0,036
3024 20 406.5+10.9 121.0+ 3,9 105.6% 0.225+0.017
Clay© 10 465,.6¢ 4,8 152.1% 1.9 125.1+ 0.407+0.015
ggsd 1 448 144 120 0.28
Copepndid 2238 20 517.4+ 2.3 138.2+¢ 1.8 126,7% 0.416+0.010
2 224b 14 584.6+19,1 163.6% 5,2 132.2+ 0.596+0.046
224E 3 664.0+ 3.3 194.0t 1.6 154.0% 0.907+0,012
2278 13 567.9+ 5.5 151.2+ 1.9 137.3t 0.541£0.015
227¢ 5 681.6+ 7.0 208.8t 4.4 185.4: 1.214+0.066
3022 20 528.4¢ 6.0 150.2+ 2.4 128.6% 0.470+£0.015
Clay® 10 p13.4¢ 4.0 174.2+¢ 1.4 153,0% 0.754+0,015
Copepodid 2234 30 BO6.1t 7.7 172.0f 2.1 151.4% 0.730+£0.025
3 224b 21 754,.9+10.5 211.6+ 3.1 170.4% 1.262+0.056
2274 14 702.0+¢ 3.7 186.4* 3.0 16l.6% 0.971+0.031
227¢ 5 B44.8+32.6 ?25B.6+x12.7 236.0% 2.324+0.280
3028 20 636.8+ 6.4 174.0+ 1.9 153.0+ 0.779+0.025
Clayt 10 704.8+ 7.2 194.8t 1.9 1a7.2% 1,052+0,016
gesd 1 736 208 176 0.99
Copepodid 2234 30 771.7£13.7 214.2+¢ 5,3 192.2% 4.3 1.500+£0.097
4 22ab 11 861.8+38.0 226.9%£11.3 192.5% 9.6 1.836+0.,238
224¢@ 2 1116.0+£84.0 342.0r 6.0 282.0f 6.0 4.947+0,563
2274 16 853.5+11.8 219.0+t 1.6 194.3t 2.7 1.6661:0.041
277¢ 3 1040.0+721.2 308.0+14.4 254.0%17.1 3.768+0.517
3ped 20 731.4+ 6.0 201.8+ 3.5 18l.6% 2.4 1.232+0.038
ange 7 1092.0+54,7 317.7+18.9 270.9%17.3 4.512+0.739
Clayt 10 816.0¢ 9.8 217.9+ 2.6 186.6x 2.6 1.525+£0.054
Copepodid F 2238 15 878.9+26.7 234.5¢ 9,0 219.4% B.0O 2.174x0.237
5 M 2238 25 836.3+16.8 227.8+ 5.8 211.9% 6.0 1.908+0.126
F 2248 3 880.0+16.0 236.0% 8.0 206.0+ 5.3 1,958+0.070
M 2242 2 840.0t 8.5 228.0¢ 8.5 186.0+ 4.2 1.637+0.114
M 2248 3 1496,0+17.4 436.0x10.6 356.0f 4.0 10.645+0,412
Fozeat 8 1254.0:38.6 334.1 7.0 279.0+ 6.3 5.407+0.350
Wo224f q 984.0+£19.4 273.0+ 5.0 240.0+ 7.3 Z2.962+0,166
F 2278 6 916.0+14.4 237.0+ 4.8 ?214.B+ 3.2 2.140+0.079
M 2274 7 907.4+ B.3 238.4+ 3.1 211.4% 5.0 2.100£0.084
F227¢ 2 1404.0+ 8.5 390,.0+ 4.2 318.0+ 4.2 7.982+0.241
M 2278 2 1320.0£25.5 360.0+ 0.0 2306.0+ 4.2 6.666+0.221
3022 20 831.0+16.2 222.8+ 4,3 202.4% 3.6 1.740+0.085
302e 10 1285.6x24.2 378.4%11.5 325.6%12.6 7.359+£0.593
Clayc 10 982.4+14.5 ?254.9+ 2.0 ?217.5+ 7.1 Z2.504+0,117
a4 Diaptomus minutus
b Diaptomus spp
C 0. oregonensis
d 7. sicilaides
i Epischura lacustris

D. sicilis
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Species/ Length Width Depth Dry weight
Life stage/ Lake N um um tm g
Sex )
Adult
Copepodids
Diaptamus 223 72 945.5+ 7.9 255.3% 224 7+ 2.514+0.064
minutus 224 7 953,1x16.7 240.0% 207 .44 2.182+0.105
Female 227 17 1031.3%14,9 282.4% 244 6% 3.272x0,109
302 76 967.6%f 6.3 254.5% 229.5¢ 2.604+0.047
Clay k! 889.3+13.1 221.3% 210.7+ 1.904+0.120
Diaptomus 223 50 863.0¢ 5.6 231.0t 200.5% 1.822+0.040
minutus 224 8 892 ,.5+15.7 227.6% 198.0t 1.844+0.080
Male 227 22 925,6+16.8 255.,4% 228.4% 2.484+0.086
302 61 880.9¢ 5.% 234.3% 206.5% 1.962+0.037
Clay 1 800 208 192 1.5
D. oregon-
ensis
Female Clay 10 1290,8+25.5 332.0% 278.8¢% 5.518+0.2498
Male 10 1136.7£17.5 284.9% 245.0¢ 3.642+0.107
D. sicilis
“Female 224 8 1428.0£39.3 372.0% 309.0% 7.639+0.606
Male 7 1028.6218.3 265.7* 219,09+ 2.760+£0.119
D, sici-
Toides
Female 885 11 1261.3¢ B.4 3728.1% 291.5+ 5.535+0,132
Male 5 1190.0£12.4 294.4% 273.0% 4.379£0.054
Epischura 223 10 1854.4+49,1 552.0% 449,6+ 21.277¢1.277
lacustris 224 16 1721.9%¢45.9 470.6¢ 3B1.B% 14.426%0.895
Female 227 20 1615.8+29.9 443.4+ 374 .4+ 12.417+0,529
3oz 9 1529.3£36.9 446,71 368.0£10. 11.535+0.547
Epischura 223 10 1636.0¢41,8 470.4% 393.6% 13.979+£0.754
Tacustris 224 11 1675.3+38.4 452.7% 364 .4+ 12.900£0.958
Male 227 15 1464.3+x26.2 390.2¢ 330.0% 8.682£0.325
302 16 1444.5+21.9 404,2¢ 339.8+ 9,140%0,377
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Table 7. Dimensions and calculated dry weights (means * S.E.) of 1ife stages of
species of cyclopoid copepods from six lakes. Parameters are described
in Table 6. Data for organisms from Lake 223 are taken from Lawrence et
at. 1987.

Species/ Lake N Length Width Depth Dry weight

Life stage/ um um pm Formula g

Sex

Nauplius 27234 10 B9.6%t 2.3 49,6+ 1.6 6.8 2.4 0 0.009+0.001
1 223b 10 110.1* 1.1 71,2+ 1.7 .50.7¢ 0.3 0.022+0,001
224C 11 111.4+ 1.8 68.9: 1.4 49,8+ 1.3 0.021+£0.001

227¢ 13 115,5% 5.4 65.9+ 3.0 56.7+ 2.3 - 0.025%0.003

3fzc 20 94.6% 2.0 Rz2.0+ 1,7 40.8%f 1.1 0.011+£0.001
Clay? 10 81.1+ 1.4 56.4+40.6 48.9% 1.1 0.012+0.0004

Ba5 10 107.5%¢ 1,1 70.0:0.0 59.1+ 1.1 0.024+0,001

Nauplius 2238 10 102.4¢ 4.3 49,2+ 2.4 49,6 1,6 D 0.017%0,002
pd zz3b 10 128.4% 1.5 B4.4% 1.4 57.8t 1.2 ; 0.035£0.001
224¢C 11 130.4¢ 2.4 80.1+ 2.0 60.1% 1,3 0.035+0.001

227¢ 20 126.1¢ 3.0 76,3t 2.3 61.1f 1.5 0.033+0.002

3p2¢ 20 109.4+ 4.8 60.4+ 2.3 ag.4% 2.1 0.018+0.002

Clay? - 8 114.0¢ 2.4 70.9+ 2.3 4.8+ 1.1 0.024+0,001

885 8 126.1¢ 2.4 79.2+ 1.7 61.5+ 1.7 0.034+0,002

Nauplius 2234 10 126.4t 3.7 6.8+ 2.4 64.0¢+ 0.0 I 0.031+£0.002
3 223b 10 152.4% 1.6 94,0 1.4 f4.4+ 1.5 0.051+0.002

: 224¢ 10 150.9¢ 2.0 92.5+ 1.7 g8.2+% 1.7 0.052+£0.002
22ic 25 160.1+ 4.9 93.6t 2.6 76,4+ 2.2 0.064£0,005

jgec 27 119.7¢ 3.6 66.5¢ 1.9 50,5 1,4 0.023&£0,002

Clay® 1 140 76 64 0.04

B85 10 148.8+ 2.7 89.1+ 1.0 75.5% 1.5 0.055£0.002

Nauplius 2234 10 136.0¢ 3.6 82.6% 1.8 62.4% 1.6 1] 0.039+0.002
4 223b 10 174.2t 1.4 102.6t 1.4 74,2+ 1.3 0.073%0.002
224¢ 12 186.5¢ 4,3 106.7+¢ 1.8 79.4¢ 1.9 0.088+0.005

227¢ 26 175.5% 4.0 99,7+ 2.0 84,5+ 2.0 0.084+0,005

3pzc 22 148.0+ 4.9 73.B 1.5 8.2+ 1.9 0.036+0.003

Clay? 10 145.7+ 1.8 85.4+ 1.0 71.8+ 1.0 0.049+0.002

885 10 177.7¢ 1.3 103.2+ 1.2 83.0+ 0.0 0.084+0.001

Nauplius 2238 10 152.0t 4.3 84.8¢ 2.4 5.5+ 1.6 C 0.044+0,003
5 223b 10 198,1r 1.9 114.1% 1.5 81,9+ 0.8 ). 095+0, 002

’ 224¢ 10 220.7+ 2.8 114.0x 0.9 96.4%+ 1,2 0,125+0.003
227¢ 26 221.8% 5.3 118.3¢ 2.5 101.3+ 2.3 0.140+0.008

3p2t 21 189.0+ 6.0 100.0+ 3.5 63.2¢ 1.3 0.062+0.004

Clay? 10 1le9.6+ 1.4 98.6% 1.0 81.6¢ 1.0 0.070+0.002

885 10 202.6t 1.3 112.9+ 1,1 92.5% 1.2 0.109+0.002

Nauplius 2234 10 154.4+ 2.4 g87.0t 2,1 65.0+ 0.8 B 0.0400, 002
6 223b 10 242.2t 3.2 126.9% 1.7 89.7+ 0.7 0.127+0.003
2z24¢ 10 260.0f 0.8 131.2+ 1.2 109.1% 0.6 0.170+0,002

227¢ 28 ?50.5%¢ 9.7 122.1% 3.4 106.6% 3.6 0.162£0.013

ne2c 19 240.0¢ 8.7 110.7% 3.6 77.7+ 3.6 0.100£0.010

Clay? 10 198.2+« 1,3 107.9% 1.3 91,88 1,2 0.090£0.002

B85 10 239.7+ 1.8 120.5¢ 1.1 105,6% 1.1 0.140+0,003

3 Tropocyclops prasinus mexicanus

b Cyclops bicuspidatus thomasi
€ Mixed species
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Species/ Lake N Length Width Depth Dry Weight
Life stage/ pm pm pm Formula ug
Sex
Copepodid 2232 10 228.8% 2.4 83.2t 4.0 68.8% 4.2 B 0.061+0,006
1 2230 35 362.9t 6.7 139.8% 2.6 88.8+ 1.7 A 0.177%x0.006
224b 19 419.9+ 5.6 148.7¢ 1.4 103.6¢ 1.7 A 0.238+0.007
2278 7 262.1* 6.5 99.6% 1.6 79.0¢ 1.4 B 0.095+0,.004
2270 10 403.9+13.2  148.7+ 1.5 101.4% 4.3 A 0.225+0.015
2274 3 432.,0t20.,8 159.3t 4,5 130.0+ 2.0 D 0.491+0.022
3oz 21  306.7+16.3 111.6% 6.4 76.4% 6.2 B 0.145+0,025
Clay@ 10 308.7+ 3.3 112.9% 1.1 85.3% 1.5 B 0.1364£0.004
885 10 409.9+ 2.8 152.5¢ 1.8 118.8% 2.6 A 0.273+0.010
Copepodid 223% 10 290.4¢ B.4 99,5+ 4.1 72.8% 2.5 B 0.098+0.009
2 223b 32 471,1%+ 9,0 1s4.8%+ 2.6 110.1% 2.6 A 0.320+0.017
224b 18 537.3t 7.8 175.6% 1.7 12B.2t 1.4 A 0.445£0,013
2274 7 310.6% 2.3 104.6% 1.3 87.4+ 3.1 B 0.130+0,005
227D 8 504.1%14.6 170.2+ 4,2 131.6% 2.9 A 0.414+0.019
2p7d 5 549.6+ B.8 171.6% 3.2 132.6% 3.8 D 0.688+0.032
302¢ 19  378.4+#19.1 135.2+ 7.6 86.3+ 4.4 B 0.230£0.040
Clayd 10 362.6% 5.0 121.9+ 1.6 94.6+ 1.0 B 0.192+0.005
B85 10 514.0+ 2.5 177.6t 2.0 135.8% 1.6 A 0.455+0,009
Copepadid 2234 10 326.0t 4.6 116,4% 3,2 91.2+ 4.6 B 0.158+0,010
3 223b 34  616.6£11.5 203.5% 5.4 136.2% 4.3 A 0.653+0.035
2242 1 324 117 26 B 0.17
224b 17 706.6+ 9.7 216.3t 2.5 153.8t 2.0 A 0.865+0.026
2274 4 3p4.5+14.0 113.5¢ 4.3 100.0¢ 2.9 B 0.191+0.020
227b 9 627.9+18.6 207.7¢ 3.2 155.0+ 3.8 A 0.74620.045
2274 6 680.0t23.5 216.0¢ 8.0 161.7% 6.5 D 1.327+£0.1356
3024 16 376.5t% B.6 111.0+ 2.4 80.2+ 1.1 B 0.134£0.007
302¢ 10 632,0¢26,0 215.2¢11,3 151,2+ 9,4 1] 1.187+0,179
3p2¢ 9 529.3+15.1 206.2+11.2 133.8% 6.5 B 0.684+0.076
Clay? 10 404.7¢ 3.6 132.2¢ 1.6 104.6% 2.1 B 0.257+0.009
885 10 655.3:10.3 214.5%¢ 2.3 152.1¢ 1.9 A 0.783:0.013
Copepodid 2238 10 371.2t 6.7 136.4+ 5.4 BO.6* 3.5 B 0.211+0.017
4 223b 45 774.0¢11.9 246.8+ 4.2 183.2¢ 5.3 A 1.333+0.080
2242 3 414.0+ 0.0 174.1% 4.9 105.3% 4.8 B 0.257+0.006
224b 17 853.8£10.4 264.6t 4.8 182.1% 2.8 A 1.520£0.063
2274 5 411.2¢+ 3,9 128.6% 2.8 115.4% 1.5 B 0.280+£0.009
227b 11  763.9:16.5 227.2t 5.0 178.6¢ 3.9 il 1,150+0. 068
227d 5 832.B:37.9 235.4+ B.9 191.4%15.1 ] 2.120+0.338
jpza 18  418.7+11.0 124.2+ 2.4 96.9+ 2.9 8 0.233%0.013
3029 10 761.2¢12.2 246.4+ 5.9 167.2+ 7.3 ] 1.743%0,128
jozc 16  724.2£12.1 239.0t 7.6 154.2%f 4.6 B 1.253%£0.098
Clayg2 10 460.9811.5 142.0t 2.8 112.2+ 2.4 B 0.340+0.021
B85 10 805.9x16,6 240.9% 5.0 192.7+¢ 3.9 A 1.382+0,081
Copepodid 2238 10 457.6x12.7 15%6.8t 4.0 123.2+ 3.4 B 0.411+0.027
5 223b 20 917.2t17.4 280.4+ 8.8 ?211.1t 8.6 A 2.055+0,179
2248 3 438.0t 3.0 146.7+ 1.3 109.0 6.1 B 0.320+0.017
224b 7 1076.6%16.7 299.1%12.3 242.9t 7.0 A Z2.891+0.271
M 224b B 961.5%37.6 257.3t 8.0 195.0t 3.0 A 1.776%0.108
2274 6 447.5: 9.7 140.7% 5.6 109.8t 4.4 B 0.320+0.027
227b 6 918.0¢10.6 268.0+ 6,1 194.2+ 4.7 A 1,753+£0.068
297d 5 986.4%45,3 303.6+19.9 242.4+14.4 1] 4,132+0,600
3028 18  466.2%¥12,9 146.7+¢ 3,9 110,0+ 5.0 B 0.357£0.029
302d 19 969.7+36.9 298.3+14.9 224,2+ 9.4 D 3.788+0.372
302¢ 11 746.9+ B.9 221.5¢ 6.0 171.6% B.3 B 1.321+0,108
Clay® 10 488.5£10.0 149.2%# 4.9 117.9t 3.6 B 0.400+0.033

a4 Tropocyclops prasinus mexicanus

Cyclops bicuspidatus thomasi

¢ Hixed species
Mesocyclops edax
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Species/ Lake N Length Width Depth Dry Weight
Life stage/ um um wm Hg
Sex
Adult Copepodids
CycTops 223 20 1027.6%35.2 331.,2¢14.5 212.1+10.4 2.9183+£0.334
hicuspidatus 224 18 1199.3+ 8,4 372.0+¢ 3.7 277.7t 4.2 4,555%0.127
thomasi 227 14 1231.0+17.4 383.1+ 6.6 270.9% 6.9 4.698+0,183
Female o2 28 713.6%10.2 223.9+ 4.3 146.9t 3.5 0.871+£0.040
Cilay 10 1065,5%+40.3 319.9+12.5 244,4x 9.4 3.172+£0,396
- 885 11 1094.8£12.0 353.3t 3.8 275.4%+ 3.0 3.967+0.122
Cyclaops 223 15 BB4.7£22.7 239.0t 6.1 149.9t 4.1 1.193+£0.084
bicuspidatus 224 11l 1000.4x 5.2 244,86 1.8 178,9% 3.8 1.604+0,034
thomasi 227 15 925.6+11.3 254.3+% 6.3 185.6% 5.7 1.608+0.092
Male 302 10 64,0+ 9,0 207.2+ 2.4 114.0¢ 2.4 0.578+0.025
Clay 10 880.0+11.4 225,3% 4.2 160.4% 2.7 1.165+0.030
885 9 go4.0+ 8.9 233.8¢ 4.5 168.7% 3.6 1.294+0,048
Cyclops 302 39 1122.2+14.9 403.,9¢ 6.8 252.1t 5.9 5.359+0.250
vernalis Clay 13 1173.3%£35.0 433.2£12.2 284.2+11.5 6.825+0.608
Female 885 1 1302 460 384 10.5
Cyclops 302 39 791.3+10.2 249.0t 3.4 160.5+ 1.8 1.460£0.043
vernalis Clay 13 816.0+12,1 252.0t 7.6 167.8% 4.3 1.604:0.116
Male
Mesocyclops 223 10 1309,2+21,4 423.9+ 6.2 286.4% 4.0 8.785%0,380
edax 227 15 1406,4£17.0 411.7¢ 3.9 327.5¢ 4.9 10.469+0.344
Female 302 29 1171.4+ 8.4 371.0% 3.9 249.9+ 2.7 5.972+0,099
Clay 5 1620.8¢65.4 507.6%29.6 422.4+23.0 19.553+2,848
885 2 1614 +17.0 648 £ 5,7 450 -+35.4 25,801+1,535
Mesocyclaps 223 9 780.4+14.6 ?246.6% 3.1 170.2t 1.8 1.807%£0.070
edax 227 17 8655.9+ B4 241.4+ 2.2 1B5.6%f 3.5 2.146x0.064
Male 302 32 795,0¢ 7.7 233.1x 1.5 165.0t 2.6 1.690£0.049
Clay 5 1025.6+ 6,6 205.2+ 4.8 226.2t 2.5 3.768+£0.118
885 1 1094 400 320 1.7
Tropocyclops 223 30 42,1+ 5,2 172.5+ 1,2 132.5¢ 1.5 0.571+0.014
mexicanus 224 10 517.9+10,8 162.3+ 3.2 111.9+¢ 2,1 0.434x0.022
prasinus 227 14 5472.8+10,4 179.0f 4.7 129.1x 2.8 0.579+0.029
Female 302 57 508.4+ 3,0 168.2+ 1.0 116,7% 2.9 0.457+0.014
Clay 10 609.0+ 7.1 192.7+ 1,6 154.9+ 2.4 0.834+0.023
Tropocyclops 223 30 455.7¢ 4.9 133.5¢ 0.6 9B.5% 1.7 0.276£0.007
prasinus 224 4 441.0+13.2 133.0+ 3.5 96.8t& 0.8 0.261+0.014
mexicanus 227 16 463.0+ 8.0 133.8+ 1.7 106.7¢ 1.0 0.303£0.007
Male 302 48 423.1% 2.8 126.9% 1.0 92.2+ 1.8 0.228+0.006
Clay 10 4842+ 5,5 141.0+ 2.8 111.5% 1,2 0.350+0.012
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Dimensions and calculated dry weights (means + S.E.) of Lake 223 argan-
isms sampled from different lake strata or seasons. Copepndid, female
and male are abbreviated C, F and M, respectively. N is number of
individuals. Mean dry weights from two strata or two seasons were
compared using one-way ANOVA. F-probability is the probability that
the values are not different.

N Length Width Depth Dry weight  F-proba-
pit um um ug hility

I. LAKE DEPTH STRATUM

Diaptomus minutus

€1 19Jun74 gpid 10 403.2+ 3.2 124.8+2.1 110.4* 1.6 0.254+0.005

Hypo? 9 427.0¢ 1.6 129.8#0.9 119.9+ 1,3 0.306+0.003 <0.0001
C2 19Jun74 Epi 10 513.6% 3.7 132.8+#2.4 126.4+ 3.7 0,395%0,015

Hypo 10 521.2¢ 2.1  143,5%1.,2 127.0% 1.8 0,436:£0.010 0.0433
C3 19dJun74 Epi 10 585,6£17.7 163.2t4.6 136.0+ 6.0 0.603+0.050

Hypo 10 6l16.0+ 9.9 176.0¢2.4 158.4+ 1.6 0.788t0.022 0.0033
€4 19Jun74 Epi 10 739.2+14.5  195.2% 3.2 177.6% 3,7 1.177+0.046

Hypo 10 812.8+25.5 241.6+10.8 208.4+ 9.7 1.946%0.223 0.0034
C5F 1%Jun74 Epi 6 797.3t17.2 203.7+ 6.8 197.8+ 6.1 1.481%0.103

Hypo 2 960.0+ 0.0 256.0+ B.00 240.0+ C.0° 2.787+0.084 0.0005
CoM 19Jun74 Epi 6 728.2+10.7 193.0¢ 5.9 184.8% 9.9 1.179£0,084

Hypo 8 884.0+ 9.4 240.0+ 0.0 218.0+ 2.9 2.120£0.043 <0.0001
C6F 1%Jun74 Epi 20 919.4+19.6 241.8* 2.4 213.6* 3.2 2.181%0.067

Hypa 10 928.1%22.6 254.2% 4.4 223.4+ 1.9 2.417+0.081 0.0427
C6F 17Jul174 fpi 10 921.6% 9.0 233.4+ 3.3 215,2+ 2.2 2.123+0.054

Hypo 10 1011.0¢12.1  295,1* 2.9 ?265.8+ 5.3 3.632+0.085 <0.0001
CeM 19Jul74 Epi 17 833.9+11.3 220.2%3.2 201.4+ 3.0 1.703t0.058

Hypo 3 875.0¢ 2,5 237.3%1.5 217.0+ 3.8 2.065+0.054 0.0203
II. SEASON
Cyclops bicuspidatus thomasi
C6F  May74b Lake 9 B862,9%10.5 262.1%4.3 163.9+ 4,7 1.366¢0.071

Aug74 Lake 10 1164,1#20.5 390.7+6.7 253.1* 5.3 4.257+0.271 <0.0001

L6M  May74b Lake 7 815.4:27.3 219.

136.0¢ 4.9 0.907£0.098
2

0r7.1 9
Aug74 Lake 7 946.9¢18.3  253,9+2.8 161.6+ 2.1 1.425:0.046 (0.0004

Diaptomus minutus

C6F May74b Lake 10 943.6+ 8.8 255.7+ 3
0ct74C Lake 10 962.8+ 5.9 1

C6M May74b take 10 894.2¢
Oct74C Lake 10 856.0t

.0 2.348+0.057
-8 2.913+0.091 <0.0001

8 243.9+1.8 204,
2

5t 3.4 2,045£0.049
250.7x2.6 207.4¢ 1,9

2.407+0.058  0.0001

2 Epi =

epilimnion; Hypo = hypolimnion.

Before lake temperature strata established.

¢ After fall lake turnover.
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Tabie 9. Length-weight regressions for calanofd and cyclopaid copepads of six lakes. Equations are generated from measured lengths
and caleulated dry weights. The siope_(b) Ege 95% confidence level (C.1.); y-Tatercept (Ina}; the average logarithm of the
iength, {InL): estimated variance of Tnk, (5%°); correlatfon coefficient {r); number of observations {N}; residual mean square
(8MS) and range of length measurements are presented for the relationship 1nw = 1pa + bInL, where 1nw is the Jogarithm of the
dry weight {#g}. Lengths are measured as shown in Fig. I. Formulae are defined in Table 2. Lake 223 data are taken from
Lawrence et al. 1987,

Regres-
Species sﬁnn Lake ] 1na b+ C.I. Tnl 5x% RHS cr Range of length Formula
0. mm

CALAROID COPEPODS

NAUPLIT (H1-N6)

223 60 1,2461 2,2650£0.4722  -1.6083 0.0793 0.0061 ¢.99 0.128-0,300 Hi-4

[N -

Diaptomus 1 ]
minetus 2 102 120 0.8700 2.0669%0.1152 -1.6326 b, 0623 0.025% 0.96 0,128-0.312 s :C
D, oregonensis 3 Clay (] 1.2249 2.1547£0,0794  -1.5284 0.0990 D.0092 0,99 0.121-0,384 [
D, siciloides 4 885 53 0.9177 2,0694:0,0096 -1.5245 0.0494 0.0063 0.93 0.144-0.339
Wixed species § 224 63 0.9475 2.0676%0.0656 -1.4766 0.0989 0.0066 0.99 0.121-0.393
1 227 145 0.9926 2,0097£0.06%4  ~1.6044 0.097¢ 0,0172 0.98 0.121-0.423
COPEPODIDS (C1-C5} :
Db, minutus 7 223 140 1.0783 2.7879:0.0875  -0.4306 0.0708 . D.D196 0.98 0,384-1.120 ]
8 227 7t £,9126 2.6829:0.0802  -0.3787 0, 0700 n.oo7e 0,99 0,405-0.960
9 an2 140 1.0267 2.7540:£0.0957  -0.4998 0.0683 0.0159 0.99 0.336-1.020
0, oregonensis t8 Clay 50 0.9227 2.4235£0.0704  -0,3654 0.0867 0.0040 1.00 0.435-1.046
0. sicitoides ‘11 BE&a B 0.8713 2.1912:0.47568  -0.6055 0.0416 D.0110 0.98 0.416-0.736
Epischura 12 224 9 1.1839 2.9946£0.1908  -D,0422 0.1671 0.0087 1.00 0.564-1.524
Tacustris 13 227 22 D.B&53 2.937320.1285  -0.0863 n.1079 0. 00BE 1.00 0.459-1.418
14 3gab 17 1.1549 3,2935£0.5346 h. 1806 0.0144 0.8145 0.96 {.944-1.424
Hixad species 1§ 224t 63 0.9799 2.7765+0,6922  -3.4550 D.0706 0.0093 0,98 0.378-1.080
ADULTS (C6)
. minutus 15 223 122 1.0332 2,6060£0.2797  -0.1002 0.0065 0.0157 0.86 0.728-1.104 B
17 224 15 0.825% 1.6870t1.1410  -0.0840 0.0032 0.0124 0.66 0.840-1.032
18 227 a9 1,0808 1.8630+0.3840 -0.0328 0.0084 0,0114 0.85 0.816-1.200
19 102 147 1,0174 2.5894£0.2222  -0.0757 0.0046 0.0085 0.8% 0.784-1.152
0. oregonensis 20 [lay 20 0.9717 2.7323£0.4721 0.1902 0. 0074 0.0071 0.594 1.014-1.430
b. sicﬁlis 21 224 15 0.93%1 1.0360£4. 1630 0.20412 £,0326 0.0026 1.00 0.948-1.560
D. siciloides 22 8BS 16 0.9608 3.1588+1.0484 0.2137 0.0012 0.0043 0.87 1.142-1.318
E, Tacusiris 23 223 20 1.4670 2.4741£0.4840 0.5515 0.0120 0.0121 0.93 1.430-2.044
- 24 224 27 1.2603 2.5222+0.4337 0.5280 D.0092 D.0106 0.92 1,392-2.016
25 227 35 1,2702 2.4850£0,4071 0.4347 0.0085 0,018 0.91 1.272-1.812
26 oz 25 1.4269 2.2224+0,718t 0. 3865 0.0046 0.0133 G.80 1.264-1.648
COPEPOBIDS AKD ADULTS (G1-C6)
0, minutus = 27 273 262 1.0542 Z.7482:0.0621  -0.2767 0.0679 0.0178 0.98 0.384-1,140 1]
- 28 227 110 1.0377 2,025520,0866  -0.2560 0.0755 a4.0157 0.99 0.405-1,200
29 302 247 1,0282 2.7523£0,0492 -0.2474 0.0741 0.0115 0.99 0.336-1.152
D. aregonensis 30 Clay 70 0.9772 2.5304+0,0544  -0,2060 0.1133 0,0058 1.00 0.435-1.430
B. 5icéloides k1t 885 24 1.0889 2.5288+0,00923  -0.0594 0,169t 0.0077 1.00 0.414-1,318
E. Tacustris 32 224 kli] 1.1337 2.7882+0,1161 0.3354 0, 1477 0.0123 0.99 0.5614-2.016
33 227 57 1.2M4 2.606520.0651 0.1777 0.1624 0,0496 1.00 0.459-1.812
34 3p2d 42 1.2333 2.75610.2804 0.3031 0.3183 0.0158 0.95 0.544-1,648
ALL LIFE PHASES {W1-CA)
D. minutus 35 223 322 0.9212 2.1497:0.0376  -0.5243 0.3383 0.0400 0.92 n.128-1.140 B,C,D
16 302 367 {.5059 2.1291+0,0287  -0.7003 0,4935 0.0374 0.9% 0,128-1.152
b, oregonensis 37 Clay 130 n.g212 1.0983£0.0408  -0.Bi&7 0.5435 0.0298 0. 9% 0.121-1,430
D. sic&luiﬂ 5 38 885 17 1.0968 2,10951%0,0354  -1.0678 0.5316 0.0132 1.00 f.144-1,318
Copepodid only.
Copepodid only.

1-3

f-5
Copepodid 1-4 only.
Copepedid 4-6

only.



Table 9. {cont'd)

Regres-
Species sion Laka i} Tna h#C.a. TnC sx¢ RMS r Range of length Formula
Na. ’ mm

CYCLOPGID COPERODS
NAUPLIT (NI-N&)

Cyclops bicuspi- 39 2238 &0 l.zgop 2.2520£0.1011  -1.8208  D.0716 0.0:08 0,99 0.108-0.256  RNl-4 : D
Tl Thoreer— a0 8BS 58 1.3463 2.2569£0,0736  -1.8186  0.0782 0.0060 0.99 0.102-0.243 N5 : C
Hesocyclups edax 41 3027 15 o.3811 2.2034+0,3174  -1.6744  0.0622 0.0188 0.97 0.128-0.206 HG  : B
T 42 3029 18 1.1897 2.3724+0.4371  -1.8500  0.0642 0.0464 0.94 0.104-0.2788
Trogncyclaps 43 223 G0 1.7143 2.57620.2718  -2,0883  0.0491 0. 0535 0.93 0.080-0.160
prasinus mexi- 44 227 17 1.4576 2.4529+0,2128  -2,0515  0.0746 0.0118 0.99 0.085-0,198
canus 45 30¢F 18 z.13a0 2.8069:0.3696  -2.2164  0.0507 0.0262 0.97 0,080-0.168
— 45 3020 29 p.goE4 2.2658t0,3697  -2,2478  0.0462 0.0420 .92 0.076-0.176
47 Ciay 49  1,3581 2.2981£0.0805  -1.9935  0.1033 0.0079 0. 499 £.076-0.204
Mixed species 48 23 B4 1.6235 2.0594£0,0850  -1.78GT 0, 0897 0.0102 0.5% 0. 102-0. 264
49 27 138 1.53BB 2.4474£0.0780  -1.7388  0.0920 0.0195 0.98 0.085-0.315
50 302 120 1.0145 2.3082£0,0819  -1,8713  D0.1192 0.0329 0.98 0.976-0. 206
COPEPODIDS (C1-C5)
C. b. thomasi  '§1 223 186  0.9832 2.7307£0.0764  -0.5435  0.1143 0.0287 0.98 0,272-1.120 A
T 52 223@ 50 0,860l 2.589620,0764  -0.4756  0.0791 0.0068 °©  0.99 £.398-0, 962
52 224 86 0.7719 2.5549:0.0601  -0.4206  0.1040 0.0081 0.99 0.382-1.116
54 227 a4 0.7674 2.433340,1330  -0.5078  0.0A97 0. 0167 0,98 0.315-0.960
8  BESC A0 0.7924 2.3468:0.0949  -0.5488  0.0675 0.0058 0.99 0.396-0.896
Mixed Cyclops sp.56 302 43 1.0300 2.505(£0,2000  -B.5536 - 0.1165 0.0479 .97 0.304-0,800 B
H. edax 57 227 25  1.320§ 2.6629£0,2402  -0,3529  -0.0847 10,0274 0.98 £.396-1.068 b
= 58 302f  f3 1.313% 2.3005£0,2084  -0,3379  0.1333 0.0234 4,99 ¢.412-1,184
50 3029 21 1.3506 2,7528+0.2662  -0,4170  D.1088 - 0.0352 0.98 0.412-1,156
60 307 50 1.3424 2.802740.1861  -D.3424  0.1p15 0.0425 0.98 0.412-1,184
T. p. mexiganus 61 223 50  1,2209 2.796540,2437  -1.1210  0.05%1 0.0430 0.96 0.224-0.512 B
T B2 b 7 g.57%g 2.135460.75:8  -0.8928  0.0115 0.0059 0,96 0.324-0.441
63 237_ 29 0.7164 2,3186¢0.2043  -1,0653  0.0444 0.0124 0.98 0.234-0.458
6  302f 17 0.7921 2.6362:0.3673  -1.0892  0.0728 0.0346 0.97 0.240-0.492
65 3029 22  0.8084 2.6215:0.3657  -1.1284  0.0626 0.0404 0.96 0.228-0.488
66 302 6L 0.9578 2,7323:0.1874  -1.0086  0.0672 0. 0354 0.97 0.274-0.544
67 Clay 50  D0.7323 2,3132£0.1194  -¢.9)82  0.0301 ©, 0057 £.98 0.294-0.531
ADULTS  (L6)
€. b. thomasi Bl 223 35  0.7606 3.914540.3602  -D.0460  0.0238 0.48257 0.97 0.752-1.238 A
- §9 223 20 0.8066 4.0823t0,3991  -0.0838  6.0223 0.0173 0.98 0.752-1.238
700 2 29 0.492% 5.5302£0,4203 0.1126  0.0086 0.0101 0.98 0,984-1,243
71 227 29 0.7546 3.6183+0. 4063 0.0591  0.8235 0.0258 0.96 0.828-1,345
72302 3B 0.9795 3,4802¢0.4989  -0.3586  0.0052 0.0116 0.93 0.620-0.816
73 Clay 20  0.7852 3.9756£0,7578  -0,0357  0.01a4 0.0400 0.93 0.0p0-1.302
74 BBS 20 0.8772 5.2722:0.5389  -0.0015  0.01L6 0.0145 0.98 0.864-1.190
C. vernalis 5 02 78 1.21717 3.4934:0.1661  -0.0625  0,0372 0.0199 D.98 0.696-1.360
— 76 Clay - 26 1.2549 3.8299£0,2566  -0.0249  0.0401 0.0155 0,99 0.752-1,398
M. edax 77 223 19 1.34m 3.0087£0, 110 0.0220  0.0735 0. 0065 1.00 0.704-1.430 D
- 78 237 312 1.24%7 3.1820£0, 1486 0.0763  0.0652 8.0107 0.90 0.792-1.512
79 302fF o 1.zapl 3.3097:0,2783  -0.0414  D,0389 0.0123 0.9% 0.776-1.216
B0 3029 20 1.2758 3.1546¢0,1421  -0.0477  ©.0460 0.0040 1.08 £.732-1.252
8l 302 &1  1.2648 3.2083t0.1163  -0,0458  0.0404 0.0082 0.99 0.732-1.252
I. p. mexicanws B2 221 60  1.6112 3.6336:0.2809  -0,7007  0.DLLD 0.8128 0.96 £.384-0,582 )
T 81 224 14 0.9889 2.8054:0,4361  -0,7057  0.009& 0.0050 0.97 0. 405-0. 552
84 227 30  1.1615 2.9550£0,5726  -0.60831  0.0116 0.0243 0.89 0.405-0.594
B5  jo2f 20 1.6l22 3.4372£0.475]1  -0D.7802  0.009 0.0094 0.96 0.400-0. 544
86 3029 20 1.0262 3.1726¢0,6524  -0.7718  0.0019 0.0218 0,92 0.392-0.524
@7 302 105  1.5269 3.4806:0,3882  -0,7615  0.0104 0.0415 0.87 0.392-0.552
88 Clay 20  1.5255 3.6749+0,3068  -0.6111  D.0158 0. 0064 0.98 0. 448-0, 659

Copepodid 1-1 only,

S0 dndividuals (C1-C5) selected randamly {10 stage='} from 166 and 20 C6 (to F, 10 M) selected randomly for preparation of Fig. 2.
Samples takea in 1981,

Samplas taken in 1983,

Copepodid 3-5 only,

ora —hd 0
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Regres-
Species sion Lake N 1ma b+ C.1 Tt 5%2 RHS r Range of length Formula
to. mm
COPEPOBIDS AND ADULTS {C1-Cd)
C. b. thomasi ag 223 201 0.8370 2.6608%0.0744 ~0.45869 D.1341 0.0386 0.98 0.272-1.238 f
an 2238 70 0.7885 2.5331£0.1264 -0.3637 0.0941 4.0293 0.94 0.398-1.218
9t 224 115 D.8114 2.6440t0.0832 -1, 2861 0.1344 0. 0269 1.99 0.382-1.248
92 227 73 0.83M 2.5760£0.1103 -11. 2826 0.1407 04.0309 0.98 0.315-1.344
23 BB5 60 0.BB50 2.544040.1492 -0.3670 0.1163 0. 0382 a.98 0.396-1.190
M. epdax 94 227 57 1,3149 2.7917£0.1240 -0,1119 0.1185 0. 0254 4.9% 0.396-1.512 D
a5 ozt 39 1.2632 2.9012+0.1622 -0.1858 0.1042 0.0224 G.99 0.412-1.214
96 3029 41 11,3045 2.7516£0.1514 -0,2368 g.1112 0.0250 0. 09 0.412-1,252
97 302 111 1,2931 2,8220+0,1075 -0.17%4 g,0901 0.029L 0.98 G.412-1.252
T. p. mexicapus 98 223 110 0.9245 2.5B800£0.1319 -0.8927 0.0771 0.0372 0.97 0.224-0.582 i
99 2241 21 0.5987 2.215344.3253 -0.7681 04.0178 0.00846 0.96 0,324-0.552
10t 227 59  0.7697 2,3791+0,.1538 -0.8787 0.0615 0.0210 0.97 0.234-0,594
102 i0ze 37 1.1881 2.5513+0.2226 -0.9222 0.0618 0.0267 0.98 0.240-0,544
103 apz¥ 42 0.4926 2.305120.2353 -0.9586 0.0701 0.0393 0.96 0.228-0.524
104 3oz 166 1.0431 2.8400+0.1479 -0.8523 0. 04583 0.0420 0.95 0.224-0.552
145 Clay 70 0.9412 2.550620,1226 -0.8304 0, 0450 0.0117 0.98 0.294-0.65%
ALL LIFE PHASES (N1-C5H} ' .
C. b. thomasi 106 223 261 0,6154 2.0340£0. 0537 -0.7704 0.4500 0.0877 0.98 0.108-1.238 A,0,C,D
107 2232 130 0.6288 1.9629:0.0437 -1.0362 0.6149 0.0434 0.99 0.108-1.238
108 BAs 118 0.7303 1.6536241.0518 -1.0B05 0.6279 0.0502 .99 0.102-1.150
M. edax 109 3nzf 54 1.2084 2.4404%8,0747 -0.5993 o,45440 0,0399 0.99 0.128-1.214 8,c,0
110 3029 53 1.2484 2.4310%49,0652 -0.7201 0.6635 0,0399 1.00 (.104-1.252
T. p. mexicapus 111 223 170 0.4774 2. 025600623 -1,3146 0.1953 0.0672 0.88 0.0B0-9.5R2 8,C.D
1i2 227 76 D,4804 2.0204x0.0724 -1.1410 0.3055 0.0302 0.99 0.085-0.594
113 jn2f 55  0.4511 2.0950t4.1102 -1.3457 0.4328 0.0705 0.98 0,080-0.544
114 3029 71 0.070A 1.9200£4.0801 -1.4852 0.4668 0.0526 0.98 0.076-0.524
15 Cilay 119 0.41482 1.8636 00541 -1.3094 0.3987 0.0349 0.99 0.076-0.659

? 50 individuals (C1 to C5) selected randomly (10 stage-!) from 166 and 20 C6 {10 F, 10 ¥} selected randamly for preparation of Fig. 2.

Samplas taken in 1981,
semples taken in 1983,

Copepodid 3-6 only.
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Table 10. Length-weight regressions for cladocerans of 5ix lakes. Equations are generated from measured Jengths and caleuiated dry
welghts, Parameters are described in Table 9. Lengths arz measured as shown in Fig. 1. Formulae are defined in Table 2.

Ranges
Species Lake N Ina b& C.1, TnL sx2 RHS r Length Calculated dry Formula
’ mm weight, pg
Alona Clay 16 2.2367  2.7418%0.4558 -1.1369 0.0341 0.0231 0.9¢e 0,243-0.409 b.20- 1,01 A
rectangula
Bosmina 2238 a3 2.4751  3.3nl4#0.0946 -1.2210 0.0413 0.0083 0.99 0. 204-0,492 0.05- 1.13 H
Tongirastris z23b.c 70 2.4198  2.A798:0.1916 -1.1214 0.0373 0.0237 0.9% B, 204-0.486 d9.11- 1.6l A
224 12 2.9552  3.3460:0.8784 -1.1870 0.0100 0.0171 0.94 0.252-0,348 0.20- 0.64 i
227 68 3.1104  3.3500%0.1178  -1,3275 n.0494 0.0115 n.99 0.180-0.414 0.08- 1.1 i
3p2b.d 1pp 1.B747  2,9074:0.1632 -1.2140 0.0470 4.0314 0.98 0.168-0.432 0.03- 0.58 A
juzb.2 7 1.7930 2.7151:0.2556 -1.2543 0.0793 0.1004 0.92 0.112-{.560 0.04- 1.54 A
Clayb 40 3.2245  3.4501+0.1903 -1,2444 R.0353 0.0121 0.99 0.179-0.40% 0.07- 1.17 A
Ceriodaphnia Clay 15 2.7286  3.3370+0.5188 -0.7782 0.0763 0.0817 G.97 0.275-0.704 0.20- 4.18 A
lacustris )
Chydorus 223 8 3.1270  3.367B+0.2938 -1.3387 0.0i09 0.0011 1.00 0.230-0.326 0.30- 0.49 A
sphaericus Clay kL] 3.5035  3.214240.2757 -1.4548 0,0196 0.0103 0.98 0,198-0.339 0.18- D.98 A
Daphnia
D. catawba 2232 58 0.9455  3.1108:£0.0976 -0,1599 0.0B33 n.0i13 0.99 0.560-1,542 0.41- 10.82 §
D. g. mendotae 2233.F 75 1,0797  2.718B%0.0870 0.2537 0.2431 0.0352 0.99 0.336-2,429 0.23- 43,11 H
22319 70 1,0956 2.7101%0.0776 0,3799 0.1755 n.0183 0.99 0.464-2.507 0,33~ 44.42 H
2239 13 1.064%  2.7540£0.1058  ©0,422? 0.1267 0.0146 0.99 0.768-2.507 1.56- 44,42 H
224 3z 0.8989  2.B476t0.2294  0.4524 0.0087 £, 0385 0.98 b.052-2.292 1.76- 30.57 ° 1
Ciayb 31 [.7533  2.7013+0,2591 -0.2860 0. 0407 0.0194 0.97 4.560-1.046 0.96- 6.77 A
D. longiremis oz 40 1.6274  3.3367¢0.4511 -0.0205 0. 070 0.0136 0.93 0.816-1.104 2.52- 6.66 1
0. retrocurva 227 17 0.B637  3.1262+0,2333 -0.2154 0.0829 0.0441 4,99 0.540-1.538 0,31- 11.421 H
Clayb ap D.6323  2,7024+0.2297 -0.0230 0.0409 0.0206 0,97 0.720-1.590 0.79- 5.34 A
0. schoedleri Bas a6 1.3933  3.0114:0.0868 -0.0307 0.2727 0.0440 0.99 0.403-3.201 0.4 -174.4 H
Diaphanosama 2232 85 1.2740  3,2454:0,1908 -0.2%40 0.1026 0.08B00 0,96 0.390-1.318 0.07- 11.13 H
. birgei 224 10 0.9638  3,3283:0.6550 -0.2734 0.0640 0.0466 0,97 0.576-1.116- 0.56- 4.9% H
227 54 1.0720  2.9054+0.1992 -0.3344 0.0726 0.0378 0.97 0.384-1.104 D.18- 4.10 H
j02b.d 50 1.0436 2.7318%0.2122 -0,3224 n.1235 0.0674 0.97 0.380-1.760 0.11- 14,98 R
apzb.e  5p 0,940  2.6410%0.1946 -D,3452 n.o582 0.02687 0.97 0.404-1,096 0.30- 3.53 A
Clay 158 . 1.0148  2.8321%0,14R4 -0.5837 0.0717 0.0640 0.95 0.320-1.126 G.10- 6.47 H
235,240,362 oh.i 71,1949  3.D073:t0,7157 -0.2518 D.0419 . 0.0307 0.97 0,497-1.043
Holopedium 7223 56 2.116%  2.6972:0.0478 0.1790 0.1214 0.0038 1.00 0,512-1.967 1.37- 54,81 E.
gihberum 2213 56 2,1202 1.9705+0.1305 0.1790 0.1214 0.3283 0,97 0.512-1.967 Z.06- 41,11 D,Fd
2238 43 1,8135  2.74060.1080  0,3418 4.0300 0.0036 0,99 1.030-1.967 7.02- 41.11 ]
2232 13 2.5050  2.0426£0.2123 -0.3593 0.0421 0.0047 n.99 0.512-0.998 2.06- 9,98 F
227 a9 2.7880  3,2102+0.1362 -D.2082 0.1250 0.0515 0.98 0.324-1.44p 0.74- 6£5.94 £,
227 89 2.B522  2.5810t0.1951 -0.2082 0.1250 0.1057 G.94 0.324-1.440 1.11- 45.46 n,F)
227 27 2.2752  4,5992:0.7053 0.1615  0.0104 0.0317 £.94 1,032-1.440  11.50- 49.48 n
227 b2 3.1690  3.1429+0.1963 -0,3691 0.0890 0.0523 0.97 0.324-0.984 1.11- 24,19 F.
3024 50 2.2852  2,4328+0,3666 -0.5098 0.0699 p.1138 0.88 0.352-1.028 0.59- 8.46 D,F]
agze 52 2.4285  2.6195%0,3396 -0.4477 0.0804 0.1t69 0.90 0.320-1.128 0.28- 10.66 n,Fd

z Data taken from Lawrence et al. [1987),
Width adjusted at measurement.
Sample taken from experimental enclosure to which 30 ug-L" cadmium had been added (Lawrance 19801},
1981 samples.
. 1983 samples.
data taken from organisms sampled in 1974 [Lawrgnce et al. 1987), range of length is here corrected to 0,336-2.42% wm.
data taken from organisms sampled in 1978, Group of 70 contains females, males, neanates and egg and embryo bearing females;
p group of 43 contains only non-egg/embryo bearing females.
1 Dried and weighed,
j 9 groups of 10-40 individuals.
Bepth measerement is mettiplied lby 3 if organism length is <1000um,
hy 1.8 0 n H " 31000um,
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Table 11. Dimensions and calculated dry weights (means & S.E.) of rotifers
from five lakes, Formulae are defined in Table 2. One mm3 valume
is assumed to weigh 1 mg (wet weight) and dry weight is assumed to
be 7% of wet weight except for Asplanchna spp. where dry weight is
calculated as 4% of wet weight. N is the number of individuals
measured.

Species lLake N l.ength Width Depth  Formula Dry weight
um um pm ug
Anuraeopsis 224 7 75.6+ 1.7 A4.0¢ 1.3 44,0+ 1.1 A 0.005+£0.0003
fissa 227 24 76.8+ 0.9 42.9t 0.5 40,3% 0.5 0.005+0.0001
Ascomorpha 223 10 8l.6x 2.5 H7.1+* 1.8 66.5¢+ 1.8 A 0,014+0,001
ecaudis

A. ovalis 223 10 85.3+ 1.4 74.4+ 0.8 53,9¢ 1.5 A 0.013%+0.0003

Ascomorpha 224 4 121.2+ 2,6 78.8B+£ 2,3 78,88 2.3 A 0.028:0.001
5p. 227 9 117.0+ 4.2 78.4% 2.3 67.9 2.1 0.023+£0.002

Asplanchna 227 27 394,7+10.2 254.0+¢ 5.8 239.1% 5.5 A  0.525%0.037
priodonta

Asplanchna 302 10 538.4£10.1 364.4t 6.5 364.4* 6.5 A 1.501+£0,061
Sp. Clay 6 303.7+26.6 243.8:12.4 278.8+11,5 0,374x0,072

Cephalodella 302 10 119.2% 4.6 61.6¢ 1.4 8l.6¢ 0.7 . A 0,022+0.001
gibba

Cephalodella 302 10 2.4+ 1,3 33.2+¢ 0.6 33.2% 0.6 A 0.003x0,0001
Sp.

Colletheca 223 20 76.9+ 3.8 44,2+ 1.8 42.7+ 1.7 A  0.006+0,001
SP. 224 9 101.0¢ 5.4 42,0+ 2.6 42.2¢ 2.5 0.007+0.001

227 13 84.1t 4,2  37.9% 1.5 36.6% 1.5 0.004+0.001

Conochilis 223 16 89.4¢ 3.7 78.4+x 3.7 73.5¢ 3.8 A 0,0210,003
unicornis 224 13 10v.9+ 3.7 8l.5¢ 3.8 78.2t 3.2 0.026+(.003
(contracted) 227 27 107.7t 3.4 B2.,3x 2,6 BD.2t 2.5 0.028+0.002

Conochi- 227 3 150.0% 6.0 97.3+ 1.7 97.3¢ 1.7 A 0.052£0.003
Toides sp.

Filinia 227 25 148.7+ 3.2 84,2t 2.3 76,7 2.6 A 0.037£0.003
Tangiseta 224 1 153 a1 a1 0.04
Floscularia 302 15 164,3% 4,3 70.9+ 1.5 70.9+ 1,5 A  0.031%0.002
5p,

Gastropus 223 10 88.9+ 2.6 RO.2¢ 1.7 73.0x 1.3 A 0.019+0.001
hyptopus 224 8 86.0x+3,9 69.1% 4.6 69.1+ 4.6 0.016+0.003

G. stylifer 223 20 87.8¢ 1.9 70.8% 1.3 44,2+ 0.9 J 0.015+0,001

227 24 97.0% 2.8 B0.2+ 2,9 47,3+ 0.9 0.020+0.002
Hexarthra Clay 10 182.7+ 5.7 138.4% 4.2 123.9+ 3,2 L  0.223x0.018
sp.
Kellicottia 223 10 112,2+¢ 1.1 7.0+ 0.0 39,4+ 1,2 B 0.012+0,0004
bostoniensis 224 3 117.0+ 5.2 45.0t 0.0 41,0 1.0 0.010+£0.001
227 7 114.4% 3,2 47.6% 1.7 35.3+ 1.5 0.009+0,001
K. longispina 223 20 13l.6% 1.1 56.2% 0.7 ig,2+ 0.8 B 0.016x0.0004
224 21 130.0+ 2.1 52.7+ 1,3 46.8t 1.1 0.015:0.001
227 37 122.6f 1.5 55.0¢ 0.7 4.2t 0.7 0.014+0.001
Clay 10 146.1x 1.5 56.4% 0.6 47.5¢ 1.1 0.017+0.001
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Table 11, (cont'd)

Keratella 223 20 93,3t 0.9 53.8% 0.6 38.3+ 0.3 B  0.009%0.0002
cochlearis 224 15 102.5+ 2.1 53.9% 1.3 42,7+ 0.6 0,011+0.001
227 31 99.0t 1.4 52.2+ 0.8 44,8t 0.7 0.0I1£0.0004
Clay. 10 182.9:13.0 78.0t 5.6 57.1% 4.2 0.044%0.007
K. hiemalis 224 4 111.3+ 2.1 64.0+ 1.0 54,0+ 0.0 L 0.027¢0.001
227 22 110.5¢ 0.9 64,1% 0.8 55.3f 0.6 0.028+0.001
K. tauro- 223 14 1169,3t 1,2 73,0+ 0.8 47.5%1.0 A 0,015£0.0004
cephala 224 4 112,5+ 2,6 61.8+ 2.8 47.3t1.3 0.012+0.001
227 3 114.0¢ 3.0 75,0t 6.0 49.3+2.6 0.016+0, 002
Lecane 224 2 108.0t 9.0 B5.5+ 4.5 44.0+1,0 L 0.02B+0.0002
sp. 227 3 96.0£13.1 78.0¢ 7.9 69.0+£7.9 0.038+0,011

Lepadella 302 10 BO.B: 4.4 58,4 3.0 ?B.8+1.4 A 0,005£0.001
sp.

Manommata 302 10 88.4+ 3.5 5.2+ 1.8 85.2+1.8 A 0.010+0.001
sp.

PToesoma 223 20 111.4¢ 4.1 102.6¢ 3.6 102.0%3.9 A 0.046x0.004
Tenticulare

P. trunpcatum Clay 10 150.1* 3.0 119.9+ 1.6 110,1x1,1 A 0.073t0.003

109.8+ 8.7 97.2¢

Ploesoma sp. 224 7
115.0+ 4.9 100.0% 4,

2 A 0.038+0.008
227 b

0.043£0.005

(S REs

Poelyarthra Clay 10 200.6+ 2,3 116.1t+ 2.4 98,9+1.9 d  0.127+£0,005
major

P. remata 223 20 B4.7+ 1.7 52,2+ 1.1 47.8¢1.2 J 0.013t0.001
224 9 Bl.Of 3.4 51.0% 3.4  42.9+1,7 0.010+0.002

227 14 B2,3* 3.0 56.9t 3.0 55.1+2.8 0.015x0,002

Clay 10 80.8+ 2.9 54,0+ 1.7 51.6%1.5 0.013+£0,001

P. vulgaris 223 20 120.3x 2,2 71i.4¢ 1.9 65,0¢1.5 J 0.0310,002
224 19 123.2+13,1 72.9% 2,6 62.6%2.6 0.032+0,003

227 48 126.8+ 1,5 77,1t 2.6 71.2%*1.5 0.041+0.002

Clay 10 109.8+ 1.8 74.2¢ 0.9  70.0£0.9 0.031+0,001

Synchaeta 223 10 74.3t 1.4 70,0t 0.9 65.7¢1.4 A 0.013:0.001
5p. 227 27 193.1x 7,2 145.7+ 5,1 139.0%4.7 0.156+0,015
302 10 156.0+ 4.4 109.6f 3,0 109.6+3.0 0.070+0.006

Clay 10 283.7£13,5 184.1%# 1.9 191.2+2.0 0.366+0.019

Testudinella 302 10 102.0+ 1.7 87.2+ 3.5 30.B+0.9 J 0.015%0.001
parva

Trichocerca 223 10 318.5¢ 5.4 73.8+ 1.7 81.02.6 A 0.070+0.004
cylindrica 224 6 368.2+13.4 BO0O.2+ 2.5 B6.51.4 0.094+0, 006
227 12 314,2+13.8 78.2t 3.3 78.2%#3.3 0.074+0.008
Clay 10 313.4¢ 6.8 78.2+ 1.4 77.4%£0.9 0.070£0,003

I muTti- Clay 10 208.1% 1.5 99.6+ 1.0 92.5+1,2 A 0.070x0.002
crinis

Trichocerca 223 10 95.8+ 1,9 41.1t 0.9 38.6%0.6 A 0.006820.0003

sp. (small) 224 3 90,0t 0.0 34.7¢ 1.3 34.7¢1.3 A 0.004+0.0002
227 5 94,4t 2.0 41.2¢ 1.7 41.2¢1.7 A 0.006%0.001
302 10 97.6% 2,5 32.4+ 0.4 32.4%0.4 A 0.004+0,0002
Clay 10 92.0%¢ 1.5 41.9+ 0.9 42.2+0.9 K 0.006%0,0003
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Table 12. Dimensions and calculated dry weights {(means + S.E.} of eggs of
copepods, cladocerans and rotifers from several lakes in ELA,
The formulae used to calculate volume was 4/3x{abc) where symbals
are as in Table 2. One mm° volume is assumed to weigh 1 mg (wet
weight), and dry weight is assumed to be 7% of wet weight. N is
the number of eggs measured.

Species Lake N Length Width Depth Dry weight/egg
pm__ um pm ug
COPEPODA
Calanoid copepods
Diaptomus 223 8 113.9%1.9 110.6%2.4 111.6+1.8 0.052:0,002
minutus
D. sicilis 223 1 115 115 115 0.06°

Cyclopoid copepods

Cyclops bicus- 223 26 86.520.9 76.4+1.0 76.8+1,2 0.019+0.001
pidatus thomasi

Mesocyclops 223 2 121.5%6.5 96.0+0.0 92.5+3,5 0.040+0,004
edax 3oz 7  95.7+1.6 93.1+1.6 91.1£0,7 0.030+0, 001
Tropocyclops 223 6 62.2+1.7 56.7£0.6 54.5%£1.2 0.007+0.0004
prasinus
mexicanus

CLADOCERA

Bosmina 223 5 134.2:3.5 97.2+1.2 93.2+1.7 0.045+0,002

langirostris

Japhnia galeata 223 6 241,2%4.9 195.2+ 4.5 190.0+2.0 0.329+0.019
mendotae

0. Tongiremjs 302 10 192.5+2.1 127.7£1,7 127,7+1.7 0.115+0,004

Diaphanosoma 223 1 256 121 102 0.12
birgei

Holopedium 223 5 155.8%1.7 155.8%1.7 155.8+1.7 0.139+0.005
gibberum 302 4 149.5%7.3 145,5£7.3 149,5+7,3 0.125+0.018
ROTIFERA

Anuraegpsis 227 10 58.2%2.1 34.1+0.8 33.3+0.9 0.002%0,0002
fissa :

Colletheca 223 5 42.2:x0.8 27.2+1.3 25.0+0.0 0.001+0,0001

sp.

ConochiTus 223 1 83 51 51 0.01
sp.

Kellicottia 223 20 63,2%0.5 40.2+0.7 37.7:0.3 0.004+£0.0001
bostoniensis :

K. langispina 223 20 84.3t1.9 45.5%0.9 43.7+0.8 0.006+0.0003
Keratella 223 20 55.1%0.9 41,8+0.5 37.0+0.4 0.003+0.0001
cochlearis

K. hiemalis 223 5 70.2:0.8 55,0+1.3 49,0+1.4 0.007+0.0004

K. tauro- 223 16 64x8x1.0 48.8+0.7 45.2+0.7 0.005+0,0002
cephala

Polyarthra 223 5 63.6%0.4 38.0£0.0 38.0+0.0 0.003+0.0002
remata 227 10 62.2¢0.3 37.9£0,3 38.1+0,5 0.003+0.0001

P. vuigaris 223 4 B3.5%4.6 50.8£2.2 49,2+1.8 0.008+0.001
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Table 13. Comparisons of dry weights of dindividuals and eggs of copepods found
in temperate North American lakes. Where the authors presented biomass
as volume or wet weight, a dry weight estimate was calculated assuming
assuming 1 mm® weighs 1 mg (wet weight) and dry weight is 7% of
weight. * indicates weight obtained by drying and weighing of organisms.
N is the number of organisms. Copepodid is designated as C.

Species Dry weight Collection Site Source

N wg individua

1-1

CALANOID COPEPODS

Nauptii

Immature
Copepodids

Diaptomus minutus

Adults

Females

Males

Immature
Copepodids

Nauplii

Eggs

720

501

190

489

120
102
185

56

142
105
« 15

30
314

180

a8

Diaptomus oregonensis

Adults

Females

Males

31
104
10

31

50
10

0.067-0.45*
0.03-0.32

0.9*% (500um
0.87-1.17*

0.83-3,23*
3.0

6.1%
0.23-10.64

3.55*
9.0*

3.8-10.9*
2.342%
9.9*
3.84-8.66
5.52

3.3-10.1*
8.a%
3.373*
4.33-4.80
3.64

)

Lake Erie
6 Lakes
Lake Ontario

Muskoka-HaTli

Lakes, Onta
Lake Erie
Cornell, NY
Lake Ontario
6 lLakes

Clear Lake,

Muskoka-Hali
Lakes, Ont

Lake Ontario

Lake Michiga
6 N.Ontario

Lake Ontario
Lake Erie

5 lakes

3 ELA lakes

l.ake Michiga
5 ELA lakes
Lake Ontario
1 ELA Jake

Clear Lake,
Clear Lake,
Lake Erie

4 ELA lakes

Clear Lake,
Clear Lake,
2 ELA lakes

Clear Lake,
1223

Muskoka-Hali
Lakes, Onta
Lake Ontario

Lake Michiga
Silver Lake,
Lake Ontario
Lake Erie

Clay Lake, O

Lake Michiga
Lake Ontario
Silver Lake,
Lake Erie

Clay Lake, O

burtan
rio

ponds

Cntario
burton
ario

n
Takes

n

Ontario
Ontario

Ontario
Ontario

Ontario

burton
rio

n
Minn.

ntario

n
Minn.

ntario

Culver et al. 1985
This paper Table 6
Wilson and Roff 1973

Yan and Strus 1980

Culver et al. 1985
Hall et al. 1970
Wilson and Roff 1973
This paper Table &

Schindler and Novén 1971
Yan and Strus 1980

Wilson and Roff 1973

Hawkins and Evans 1979
Roff & Kwiatkowski 1977
This paper Table A2
Culver et al. 1985

This paper Table 6
Lawrence et al. 1987

Hawkins and Evans 1979
This paper Table 6
This paper Table A2
Lawrence et al. 1987

Schindler and Novén 1971
Schindler 1972

Culver et al. 1985

This paper Table 6

Schindler and Novén 1971
Schindler 1972
This paper Table 6

Schindler and Novén 1971
This paper Tahle 12

Yan and Strus 1980
Wilson and Roff 1973

Hawkins and Evans 1679
Comita and McNett 1976
This paper Table A2
Culver et al. 1985
This paper Table 6

Hawkins and Evans 1979
This paper Table A2
Comita and McNett 1976
Culver et al. 1985
This paper Table @
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Species N

Dry weight

pg individuat-?

Collection Site

Source -7

Diaptomus oregonensis (cont'd)

Immatupre 30 3.23* {C5) -Lake Erie Culver et al. 1985
Copepodids 50 0.41-2.50 Clay Lake, Ontario This paper Table &
Diaptomus sicilis
Adults 13.7* Muskoka-Haliburten Hitchin and Yan 1983
Lakes, Ontarie
12.6% Lake Ontario Wilsan and Roff 1973
Females 524 13.6% Lake Superior This paper Table A2
13.4-23.0% Lake Michigan Hawkins and Evans 1979
B8 14.1* Lake Ontario This paper Table A2
8 7.64 Lake 224 This paper Table &
Males 359 10.9* Lake Superior This paper Table A2
8.6-14.5% Lake Michigan Hawkins and Evans 1979
85 10.7* Lake Ontario This paper Table A2
7 2.76 Lake 224 This paper Table &
Diaptomus siciloides
Females 77 4.75-10.5% Lake Erie Culver et al. 1985
~ 11 5.54 Lake B85 This paper Table 6
Males 110 3.45-7.47% Lake Erie Culver et al. 1985
5 4,38 Lake 885 This paper Table 6
Epischura Jacustris
Adults 15.9% Muskoka-Haliburton Yan and Strus 1980
Lakes, Ontario
5.9-13.9% Lake Michigan Hawkins and Evans 1979
Females 29 21.8% Lake Huron/Gegrgian This paper Table A2
Bay
69 23.9* take Superior This paper Table A2
55 11.54-21.28 4 ELA lakes This paper Table 6
17 13.8-20.2* 2 FELA Takes Lawrence et al. 1987
Males & 15.2* Lake Huron/Geargian This paper Table A2
Bay
61 18.8* Lake Superior This paper Table AZ
52 8.68-13.98 4 ELA lakes This paper Table 6
7 11.43* 1 ELA Take Lawrence et al. 1987
Immature 2z 7.0% Lake Superior This paper Table A2
Copepodids 0.8-3.6% Lake Michigan Hawkins and Evans 1979
48 0.47-10.64 3 ELA lakes This paper Table 6
CYCLOPOID COPEPODS
Nauplii 0.34* Clear Lake, Ontario Schindler and Novén 1971
0.01 Corpell, NY ponds Hall et al. 1970
680 0.096-0.405* Lake Erie Culver et al. 1985
558 0.01-0.17 b Lakes This paper Table 7
Immature 0.78-1.75% Muskoka-Haliburton Yan and Strus 1980
Copepodids Lakes, Ontario _
3.0 Cornell, NY ponds Hall et al. 1970
{(Cyclops spp.) 0.6-2.2* Lake Michigan Hawkins and Evans 1579
663 0.06-4.13 6 Lakes This paper Table 7
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Species N

Dry weight
vg individual™

Collection Site

Source

Cyclops bicuspidatus
thomasi

Adults
Females 194
39
297
67
101
90
Males 21
29
309
70
40
Immature
Copepodids 115
377
323
127
336
Eggs
306
26
Cyclops vernalis
AduTts
Females
127
53
Males
70
52
Immature 224

Capepodids

4.05*
3.24-4.6*%

3.1*

4.9%

4.1+

3.8+

1.9-5.6%
3.4-4.9%
0.87-4.70
2.75-3.52%

1.8*

0.33-1.43*

Clear Lake, Ontario
Muskoka-Haliburton

Lakes, Ontario
Lake Ontario

Lake Huron/Geargian
Bay

Lake Superior

Lake Ontario

Lake Michigan

Lake Erie

6 lakes

3 ELA Tlakes

Lake Huran/Geargian
Bay

Lake Superior

Lake Ontario

Lake Michigan

6 lakes

2 ELA lakes

Clear Lake, Ontarig

Lake Huron/Georgian
Bay

Lake Ontario

Lake Superior

Lake Ontario

Lake Erie

4 lakes

Clear Lake, Ontarie
Lake Erie
Lake 223

Muskoka~Haliburton
Lakes, {ntario
Cornell, NY ponds

Lake #ichigan
Lake Erije
3 Lakes

Lake Michigan
Lake Erie
2 Lakes

Lake Erie

Schindler and Novén 1971
Yan and Strus 1980

Wilson and Roff 1973
This Paper Tahle A2

This paper Table A2
This paper Tahle AZ
Hawkins and Evans 1979
Culver et al. 1985
This paper Table 7
l.awrence et al. 1987

This paper Table A2

This paper Table A2
This paper Table A2
Hawkins and Evans 1979
This paper Table 7
Lawrence et al. 1987

Schindler and Novén 1971
This paper Table A2

Wilsen and Roff 1973
This paper Table A2
This paper Table A2
Culver et al. 1985
This paper Tahle 7

Schindler and MNavén 1971
Culver et al. 1985
This paper Table 12

Yan and Strus 1980
Hall et al. 1970

Hawkins and Evans 1979
Culver et al. 1985
This paper Table 7

Hawkins and Evans 1979
Culver et al. 1985
This paper Table 7

Culver et al. 1985
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Species N

Dry weight

ug individual=?

Collection Site

Source

Mesocyclops edax

Adults
Females 23
120
61
39
Males 63
29
Immature 150
Copepodids 63
Fggs 300
9

Tropocyclops
prasinus mexicanus

Adults

Females 121
45

Males 108
26

Immature

Copepodids 188

6.46-10.7*%
18.0

0.175*
0.03-0.04

0.3-0.5%
0.06-0.41

Muskoka-Haliburton
Lakes, Ontario
Cornell, NY ponds

Lake Huron/Georgian
Bay

Lake Erie

5 lakes

2 ELA Takes

5 ELA lakes
1 ELA lake

Lake Erie
2 ELA lakes

Lake Erie
2 ELA lakes

Muskoka-Haliburton
Lakes, Ontario
Mirror Lake, NH
Lake Michigan

5 ELA lakes
1 ELA Take

5 ELA lakes
1 ELA lake

Lake Michigan
4 ELA lakes

Yan and Strus 1980
Hall et al. 1970
This paper Tahle A2

Culver et al. 1985
This paper Table 7
Lawrence et al. 1987

This paper Table 7
Lawrence et al. 1987

Culver et al. 1985
This paper Table 7

Culver et al. 1985
This paper Table 12

Yan and Strus 1980

Makarewicz and Likens 1979
Hawkins and Evans 1979

This paper Table 7
S.G. Lawrence,
unpublished data

This paper Table 7
5.G. Lawrence,
unpublished data
Hawkins and Evans 1979
This paper Table 7

a4 gstimated from graphic material.
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Table 14. Comparisons of dry weights of individuals of cladocerans in temperate
North American lakes. * indicates weight obtained by the drying and
weighing of individuals or groups of organisms. A1l other dry weight
values were calculated from dimensional data. N is the number of
organisms. Length (mm) of organisms are given in parentheses.

Species Dry weight Collection Site Source
‘ N pg individual-
Bosmina 2.0 Clear Lake, Ontarie Schindler and Novén 1971
fongirostris 0.7-4.,0a* Clear Lake, Ontario Schindler 1972
0.54-0.78* Muskoka-Haliburton  Yan and Strus 1980
Lakes, Ontario
295 1.4* Lake Huron/Georgian This paper Table A2
Bay Table 1
102 2.4* Lake Superior This paper Table A2
1.20 (0.26mm) Lake Severson, MN Comita 1972
1.8% Cornell, NY ponds Hall et al. 1970
1.17+0.088* Mirror Lake, NH Makarewicz and Likens 1979
1.0-2.8a* Lake Erje Culver et al. 1985
92 3.0* Lake Ontario This paper Table A2
0.6-1.8* Lake Michigan Hawkins and Evans 1979
100 0.95-1.04* Lake 223 Lawrence et al. 1987
456 0.03-1.54 5 Takes This paper Table 10
Ceriodaphnia 60 1.9% Lake Ontario This paper Table A2
lacustris 15 0.2-4.18 Clay Lake This paper Table 10
Chydarus 0.59-0.9* Muskoka-Haliburton  Yan and Strus 1980
sphaericus Lakes, Ontario
7 1.1* Lake Huron/Georgian This paper Tahle A2
Bay, Ontario
2.0% Cornell, NY ponds Hall et al. 1970
0.1-1.2a* Lake Erie Culver et al. 1985
0.8-1.2% Lake Michigan Hawkins and Evans 1979
38 0.18-0.96 2 Tlakes This paper Table 10
Daphnia 5.3* Clear Lake, Ontario Schindler and Novén 1971
catawba 0.32-19.58%  Mirror Lake, NH Makarewicz and Likens 1979
74 1.91-10.4%* lLake 223 Lawrence et al. 1987
58 0.41-10.82 Lake 223 This paper Table 10
Daphnia galeata 10.2* Clear Lake, Ontario Schindler and Novén 1971
mendotae 8.76% Muskoka-Haliburton  Yan and Strus 1980
Lakes, Ontario
45  4,0% Lake Huron/Georgian This paper Tahle A2
Bay
372 20.3* Lake Superior This paper Table A2
2.5-8.9* Lake Michigan Hawkins and Evans 1979
50 4.6-21.94b* 3 ELA jakes Lawrence et al. 1987
209  0.23-44.42b 3 1akes This paper Table 10
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Species N

Dry weight

g individual~

Collection Site

Source

Daghnié
retrocurva
100
20
77
Daphnia
schoedleri
86

» 4"576*

A4-174.4
0.4-3.2mm)

1
(0.55-2.05mm) Alberta
)
(

Muskoka-Haliburton
Lakes, Ontario
Lake Huron/Georgian

Bay, Ontario
Lake Erie
Lake Ontario
Lake Michigan
Lake 240
2 lakes

Lake Denard,

l.ake 885

Yan and Strus 1980

This paper Table AZ
Culver et al. 1985
Wilson and Roff 1973
Hawkins and Evans 1979
This paper

This paper Table 10
Hayward and Gallup 1976

This paper Table 10

Diaphanosoma 1 4.0% Lake Huron/Georgian This paper Table A2
birgei Bay
7.0 c* Cornell, NY ponds Hall et al. 1970
229  0.32-3.26% 3 ELA Takes Lawrence et al. 1987
408 0.07-14.98 5 lakes This paper Table 10
Holopedium 20.0(4-713)* Clear Lake, Ontario Schindler and Novén 1971,
gibberum - Schindler 1972
' 10,94* Muskoka-Haliburton  Yan and Strus 1980
lakes, Ontario
2.0-9.43% Mirror Lake, NH Makarewicz and Likens 1979
98 14.5% Lake Huron/Georgian This paper Table A2
: Bay
2 12.5% Lake Ontario This paper Table A2
1 33.0% Lake Superior This paper Table AZ
1.9-10.9* Lake Michigan Hawkins and Evans 1979
42.69-129.34* 5 N.Ontario lakes Roff and Kwiatkowski 1977
98 1.45-83.0* Plastic Lake, Yan and Mackie 1987
(0.51-2.12mm) Ontario
134  6.2-146.0* 29 S. Ontario lakes Yan and Mackie 1987
(0.87-2.18mm) ,
79 4.5-21.47* 3 ELA lakes Lawrence et al. 1987
247  0.28-65.944 3 ELA Takes This paper Table 10
a

b Estimated from published graph

Sample may contain Daphnia dubia specimens

g Designated as B. brachyurum

Various formulae are used fo arrive at these values (Table 10)
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Table 15. Comparisons of dry weights of individuals of rotifers from various sources.
Where authors presented biomass as volume or wet weight, dry weight value
was calculated assuming 1 mn® weighs 1 mg (wet weight)}, and dry weight
is 7% of wet weight. Where available, the number of individuals weighed and
average length (mm} is given. * indicates weight was obtained by drying and
weighing of organisms.
Species Dry weight Collection Site Source
N ng individual=t
Asplanchna 1.2-12.02(30-300x10° 13) Lake Erken, Sweden  Nauwerck 1963
priodontad 8.0 (200x109 ug Lake Windermere, Eng. Ruttner-Kolisko 1977
- 1.5 (37.5x10° 4 Lake Kinneret, Israel Berman et al. 1972
550 0.48-0.60%(11x10° u®)  Ghent, Belgium pond Dumont et al. 1975
54 1.6% Lake Superior B. Wilson (pers. comm.)
2.0 Cornell, NY ponds Hall et al. 1970
0.212+0.003* Mirror Lake, NH Makarewicz and Likens 1979
27 0.525 Lake 227 This paper Table 11
Conochilus 0.028 {0.4x10° ,3) Lake Erken, Sweden Nauwerck 1963
unicornis 0.082£0.005 Mirror Lake, NH Makarewicz and Likens 1979
5 0.021-D.028 3 ELA lakes This paper TabTe 11
FiTinia 300 0.42-0.48* Lake Patan, Nepal Dumont et al. 1975
Tongiseta 0.028 (L=0.136 pm) Lake Severson, MN Comita 1972
44 0.037 2 ELA lakes This paper Table 11
Gastropus 0.0385 {0.55x10° 43) Lake Erken, Sweden  Nauwerck 1963
stylifer 26 0.015-0.020 2 ELA lakes This paper Table 11
Kellicottia 0.063 (O.UOOQmma) CTear Lake, Ontario Schindler and Novén 1971
‘bostoniensis 0.066+0,012* Mirror Lake, NH Makarewicz and Likens 1979
20 0.009-0.012 3 ELA lakes This paper Table 11
K. longispina 0.007 (0.1x10% »3) Lake Erken, Sweden Nauwerck 1963
- 0.0056 {0.8x10° pd) Lake Windermere, Eng. Ruttner-Kolisko 1977
0.126 (0.0018 mm3 )} Clear Lake, Ontario  Schindler and Novén 1971
0,100£0.015+ Mirror Lake, NH Makarewicz and Likens 1979
88 0.014-0.017 4 lakes This paper Table 11
Keratella 0.0035 (0.05x10° 1) Lake Erken, Sweden  Nauwerck 1963
cochlearis 0.005 (0.070 ug wet Lake Lanao, Lewis 1979
weight) Philippines
0.001 (0.015x10° ua) Lake Kinneret,Israel Berman et al. 1972
0.0105 (0.15x108_,3) Lake Windermere, Eng. Ruttner-Kolisko 1977
0.049 (0.0007 mm?) Clear Lake, Ontario Schindler and Novén 1971
350 0.11% Ghent, Belgium pond Dument et al. 1975
0.07 Lake Suwa, Japan Bottrell et al. 1976
0.013 (0.108mm) Lake Severson, MN Comita 1972
0.005 Cornell, NY ponds Hall et al. 1970
0.070+0.008* Mirror Lake, NH Makarewicz and Likens
1979
76 0.009-0.044 4 Takes This paper Table 11
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Table 15. (cont'd)
Species Dry weight Collection Site Source
N  pg individual™
eqg 0.003 - (0.046 ng Lake Lanaa, Lewis 1979
wet weight) Philippines
20 0.003 £0.001 Lake 223 This paper Table 12
K. hiemalis 0.0035(0.05)(10E u3) Lake Erken, Sweden Nauwerck 1963
0.005 Cornell, NY ponds Hall et al. 1970
26 0.027-0.028 2 ELA lakes This paper Table 11
K. tauroce- ¢.084 {0.0012 nms) Clear Lake, Ontario  Schindler and Novén 1571
phala 0.096+0.007* Mirror Lake, NH Makarewicz and Likens
‘ 1979
21 0.012-0.016 3 ELA Takes This paper Table 11
Polyarthra 0.035 (0.5x10° g3) Lake Erken, Sweden  Nauwerck 1963
remata 0.0105 (0.15x10 u3) Lake Kinneret, Berman et al. 1972
Israel
0.049 (0.0007 - ) Clear Lake, Ontario  Schindler and Novén 1971
77 0.012-0.015 4 lakes This paper Table 11
P. vulgaris 0.0385 {0.55x10° u3) Lake Erken, Sweden Nauwerck 1963
0.020 (0.2%g wet Lake Lanao, Philip- Lewis 1979
weight) (0.077mm) pines
0.098 (0.0014 mm) Clear Lake, Ontario  Schindler and Novén 1971
0.043* London, Eng. reser- Doohan 1973
voir
0.060+0.002* Mirror Lake, NH Makarewicz and Likens 1979
97 0.031-0.041 4 lakes This paper Table 11
egg 0.0031 {0.044 pg wet) Lake Lanao, Philip- Lewis 1978
pines
4 0.008 Lake 223 This paper Table 12
Triéhocerca 0.007 (0.0001 nma) Clear Lake, Ontario Schindler and Novén 1971
cylindrica 38 0.070-0.094 4 ELA lakes This paper Table 11

d

Dry weight is calculated as 4% wet weight (Dumont et al. 1975)
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Table 16. Dry wefghts {ug individual-?) calculatad using regression equations for copepeds of representative Tengths.
The regression equations used are those given in Table 9, except as noted. A dash indicates the Tength is
outside the range of lengths on which the equation was based; a blank indicates no inforwation is available.

Length Diaptomus minutus D. D. Epischura lacustris
am aregonensis siciloides .
d
Lake 223 224 227 302 Erie Clay Efgga BBS Ug1e-b Erie 223 224 227 302
thorp
Nauplii ' ' ! |
0.08 - - - -
0.15 0.047 0.0148 0.057 . 0. 0450
0.25 0,151 0,138 0.172 0.143
0.3 0.228 0,201 N.255% 0.208
Copepodids
0.25% - - - - - - - -
0.3 - - - - - - - -
0.4 0.231 0.221 0.226 - - - - -
0.5 0.430 0.401 0.417 © 0,470 0.526 0,412 0.312 -
0.7 1.098 0.99%¢ 1.054 1,062 1,100 1.128 0.837 -
1.0 2.969 - 2.814 2.521 - 3.281 2.386 3.197
1.2 - - - - - 5.685 4,077 5.828
1.4 - - - - - 8.988 6.412 9,682
Adults
0.4 - - - - - - - - - - - - - -
0.5 - - - C- - - “ - - - - - - -
0.7 (1.118)% - - {1.206)° (1.869)% - - - - - - - - -
1.0 2.832 2,298 2.964 2,778 - 2.651 6,197 - 2.B58 5,887 - - - -
1.2 - - 4.163 - - 4.364 B.BG0 4.559 4.475 11.877 - - - -
1.4 - - - - - §.650 - - - - - 8.283 B.266 8.858
2.0 - - - - - - - - - - 24.239 20,385 - -
Copepodids + Adults
0.25 - - - - - - - - -
0.3 - - - - - - - - - -
0.4 0.233 (0.214)° 0,225 - - - - - - - -
0.5 0.431 0.401 0.417 0.459 0.517 0.519 - - - D.534 -
0.7 1,086 1.038  1.0%4 1.078 1.210 1.188 - - 1.210 1.300 -
1.0 2.895 2.845 2,812 2.665 2.982 - 2.858 - - 2.982 3.341 3.480
1.2 - 4,762 “ 4,233 4.729 4,475 - - 5,198 5,413 5,718
1.4 - - - 6.260 - - - - 6.984 8.139 8.746
2.0 - - - - - - - - 17.211 - -
All life stages
0.08 - - - -
0.15 0.043 0.044 0. 058 0.047
0.25 0.130 0,132 0.160 0.144
0.3 0.193 0.194 0.230 0,214
0.4 0.358 0.1358 0.409 0.403
0.5 0.578 6.578 0.638 0.658
0.7 1.191 1,180 1.250 1.378
1.0 2.563 2.521 2.550 3.014
1,2 - - 3.671 4,498
1.4 - - 4,995 -

2 Equations of Culver et al. (1985) .
Equation of Pace and Orcutt (1981); no length range or AMS given
€ Length is slightly outside of the range over which the regression was calculated
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Table 16. (contd)

Length Tropocyclops prasinus mexicanus Cyclops bicuspidatus thomasi
mm . d B f g h

Lake 223 224 2a7 302 oz 174 Clay 223 221 224 227 885
Nauplii I c I
0.08 0.002 - 0.007 (0.008)° (0.012)¢ - - -
0.15 0.043 0.041 0.042 0.034  0.050 0.098  0.048 0.053
0.25 - - - - - 0.151  0.151 -
0.3 - - - - - - - -
Copepodids
0.25 0.072 - p.083  0.060 0.058  0.060 - -
0.1 0,121 - 0.126 0.099 0.093 0.098  0.126 0.093 - - - -
0.4 p.270 0.l01 0,246 0.217 §.201  0.207  0.246 0.205 D0.221 0.209  0.234 0,258
0.5 0.503 - - - - - 0.414 0,377 0.394 0.370  0.402 0.435
0,7 - - - - - - - 0.045 0.94)  0.873  0.912 0,953
1.0 - - - - - - - 2.503 - 2,173 - -
1.2 - - - - - - - - - - - -
1.4 - . - - - - - - - - - -
Adults
0.4 0.181 {0.206)°{0.216)° 0.194 £.216 {0.154 - - - - - -
0.5° 0.406 0.386 0.417 0,421 0.465 0.313 0.399 - - - - - -
0.7 - - - - - - - - - - - .7 -
1.0 - - - - - - - 2,167 2.143  1.645 2.176 - 2.422
1.2 - - - - - - - 4.424 4,412 4.508 4,209 - -
1.4 - - - - - - - - - - - - -
2.0 - - - - - - - - - . - - - -
Copepodids + Adults
0.25 0.072 - 0.081 0.087 0.056 0.060 - - - - - -
6.3 0,115 - 0.124  0.085 0.095 (.093 ¢.118 0,006 - : - - -
0.4 0.242 0.2480 0.247 0.216 0,223 0.188 0.247 0.206 0.225 0.202 t.221 0,240
0.5 0.430  0.394 0,419 0.407 0,430 0.317 D.437 0.372  0.392 0.38 ¢.392 0.423
0.7 - - - - - - - 0.911 0,906 0.B8% n.4931 0.997
1.0 - - - - - - - 2,359 2,200 2.282 2.339 2.470
1.2 - - - - - - - 3,624 3.469 3,695 3,742 -
1.4 - - - - - - - - - - - -
2.0 - - - - - - - - - - - -
M1 life stages .
0.08 -+ 0.010 - n.008  D.0089 0.014 - - -
0.15 0.036 0,036 0.031 0.029 0,045 0.041° 0.047 0.052
0.25 0,101 0.100 a.08  0.077 0.117 6,115 0.128 0,142
0.3 0.145 0.144 0.131 0.109 0.164 0,167 0.183 0.203
.4 N.261 0,258 0.239  0.190 0,280 0.300 0,321 0.355
0,5 0.409 0,404 0.381  0.291 0.424 0.472  D.497 0.550
0.7 - - - - - 0.%36 0.95% 1.060
1.0 - - - - - 1.933 1.928 2.128
l.i - - - - - 2.801  2.754 -
i. - - - - - - - -

Equations of Culver et al. {1985}

Length 15 sl1ightly cutside of the range aver which the regrasgion was calculated
1981 and 1983 organisms

1981 arganisms

1983 organisms

A1l available organisms used to obtain equation

Equal numbars of each stage used to obtain equation

2T~ R TR =



Table 16. (contd)

a1

C. vernalis

Mesocyclops edax

Length
i a d e f a
Lake oz Clay Erie 223 227 Joz 302 302 Erie
Nauplii ! |
0.08 - -
0.15 0.037 0.037
0.25 0.115 0.125
03 - -
Copepodids
0.25 - - - -
0.3 - - - -
0.4 0.331 - -
0.5 0.600 0.505 0.504 0.583
0.7 1.469 1.174 1.337 1.472
1.0 3.797 2.869 3.763 3.928
1.2 - - - -
1.4 - - - -
Adults
0.4 - - - - - - -
0.5 - - - - - - -
0.7 0.982 - 1.320 - - - -
1.0 3.413  3.535 3.860 3,505 3,557  3.450  3.589
1.2 6.453 7.106 6. 680 6.260 6,381 6.307 6.37%
1.4 - - 10.621 10.224 - - -
2.0 - - - - - - -
Copepodids + Adults
0.25 - - - - -
0.3 - - - - -
0.4 0.683 0.293 - - - -
0.5 1.208 0.546 0.407 0.479 0.554 -
0.7 2,855 1.396 1.351 1.271 1.399 2.383
1.0 7.106 3.780 2,916 3.577 3.733 6.692
1.2 11.324 6.2848 6.185 6.070 6.165 -
1.4 - 9.669 - - - -
2.0 - - - - - -
ATl Tife stages
0.08 - -
0.15 0.033 0,035
0.25 0.116 0.122
0.3 0.180 0.190
0.4 0.364 0.383
0.5 0.627 0.659
0.7 1.426 1.484
1.0 3.405 3.555
1.2 5.314 5.538
1.4 - -
d Equations of Culver et al. {1985)
d 1981 and 1983 organisms
g 1981 organisms

1983 organisms
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Keratella ' Polyarthra " Conochilus

L
il
Copepoda Daphnia
; ; L L gi?:s
Bosmina Dfap hanosorna Holopedium
T

L
L
ooyt

Figure 1, Axes of measurements on copepods, cladocerans and rotifers.
L is Tength, D is depth, and W is width.
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Figure 2. Length-weight regressions for 1ife stages and groups of Tife
stages of Cyclops bicuspidatus thomasi of ELA Lake 2?23.
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Fiqure Range Length

Panel Stages i Tma h 2 L1, r ?m]
AE Hl i a.7307 2.0638 ¢ 2.0827 0.60 0.108-0.115
Ak ne n 0,.6207 [.9446 ¢ 2.1542 0,57 0.121-0.124
A nz 10 1.026% 3.1949 + 1,BBEC n,7% 0. 145-0, 169
L9 5 fn4 1 1.8419 1,9824 ¢+ 1.4980 n.71 O 166-0.179
ALE HE 10 -{. 067 14132 ¢ 0,718 n.83 0.1%2-0,211
ALE e 10 -0,1759 13716 + 10147 12 0.Z28-3.256
1,0,F cl 0 1.4316 1.2025 + Z,6787 0.76 0. 196-0,422
5,0,0 ] HH 0.1700 1.5429 + 1,9702 2.51 0.489-0.544
B,0.E [ H] N.8679 2,6587% * 1,1094 .86 a,608-0, 6BR
3.0,F c4 1 1.054]1 1.33i4 + 0,9580 0,93 9.104-0, 768
4,0,F cs 10 1.0238 4.0253 ¢ 0.5661 0,98 {.032-0,982
C.0,E CaF 1o n.n9la 31.8076 t 0.1100 0,99 0. 116-1,230
C.0,E 2114 1] 0.5309 2,9169 L 1, 1755 n.an 0,752-0.950
A Nl to NG 60 see Tahle 3, Regrossion hp. 19,
I Ci to CH &0 see Tahle 9, Avgression No, 52,
C C6F + L6M 20 st¢¢ Table 9, Ragression No, 69,
1] Ll to C6 HH see Table 9, flegression No. 90,
E B oto 6 130 see Tahile 9, Regression Ho. 107.

Figure 2. continued
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APPENDIX 1

In two publications (Lawrence 1980; Lawrence and Holoka 1983) esti-
mates of individual cladoceran biomass were made by assigning a value to a
length interval. The 1éngth intervals were established by measuring 40 - 200
organisms as described in the text, calculating a dry weight for each and then
ordering the data by length and identifying discontinuous groups. The calcu-
lated weights within each group were averaged to obtain the assigned biomass
(Table Al).

This size-class method for measuring cladocerans gives rise to inaccur-
ate biomass estimates since animals within a size class include a wide range

of weights. For example, Daphnia galeata mendotae 900-1399 um in length are

~assigned a value of 7.31 g individua]“ . Using the Lake 223 regression
(Table 10), an organism 900 um in Tength weighs 4.37 pg and one 1399 um long
weighs 14.58 ug. Biomass values can be over- or under-estimated depending on
the distribution of lengths in the sample examined. This method is no longer:

used in our laboratories.
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APPENDIX 2

In several cruises on three of the Great Lakes, B. Wilsond, N.
Watson? and J. Roffb collected samples of zooplankton. Selected specimens
were dried and weighed by B. Wilson as described in Wilson and Roff (1973).

On Lake Ontario, a single station was sampled eight times during 1972
(Wilson and Roff 1973), in Georgian Bay of Lake Huron, eight stations were
sampled once by MWatson and Wilson during a single crujse, and on Lake
Superior, 19 stations were sampled By Wilson during a single cruise. Samples
from each Take.were pooled and a single dry weight value produced for each
~species. Some of the Lake Ontario values appear in Wilson and Roff (1973) in
somewhat different form. Mean dry weights of species from Lakes Huron and

Superior (Table A2) are published here for the first time.

d Great Lakes Laboratories of Fisheries and Aquatic Sciences, Burlington,
Ontario.
b Department of Zoology, Guelph University, Guelph, Ontario.
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Table A2, Individual mean dry weights (ug) of crustacean zooplankton species of
three Great Lakes. N is the number of individuals dried and weighed.
F is female, M is male, C indicates immature copepodids.

Species Lake Ontario Lake Huron Lake Superior
(Georgian Bay)
Sex N ug N ug M ng
CLADOCERA
Bosmina longirostris F 92 3.0 295 1.4 102 2.4
Ceriodaphnia lacustris F 60 1.9
Chydorus sphaericus F 7 1.1
Daphnia galeata mendotae F 45 4.0 372 20.3
D. retrocurva F 67 3.3 100 4.8
Daphnia species 580 4.0
Diaphanosoma leuchten- F 1 4.0
bergianum
Eubosmina coregoni F 161 2.2
Holopedium gibberum F 2 12.5 08 14.5 1 33.0
Leptodora kindtii F 4 12.0 2 20.5
Polyphemus F 4 28.0
COPEPGDA
Cyclops bicuspidatus F 297 3.8 194 4.9 39 4.1
thomasi M 309 2.2 21 1.8 29 2.5
Cl-5 323 2.2 115 1.4 377 1.8
Diaptomus ashlandi F ' 216 4.4
M 165 3.8
D. minutus F 120 5.0
M 105 4.0
D. oregonensis F 31 9.9
H 31 8.6
D. sicilis F 88 14.1 524 13.6
M 95 10.7 359 10.9
Epischura lacustris F 29 21.6 69 23.9
M 6 15,2 61 18.8
C1-5 2 7.0
Eurytemora affinis F 16 7.7
M 25 5.4
Cl-5 18 5.1
Limnocalanus macrurus F 110 53.2 62 63.1 221 56.3
M 120 38.4 9 56.8 203 45,5
cl 20 1.8
ce 2B 2.3
€3 41 4,2
€4 38 7.9 4 11.5
€5 29 20,2 5 21.6
Mesocyclops edax F 23 B.4
C1-5 49 3.4
Senecella calanoides F 105 B2.0
M 85 68.9






