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ABSTRACT

The life history, behaviour, population dynamics and

productivity of Diacyclops bicuspidatus thomasi in West Blue

Lake was investigated over a two-year period. Analysis re-

vealed that the population was multivoltine, consisting of

three cohorts developing annually with reproduction occur-

ring in the spring, summer and winter. Highest fecundity

occurred in the spring and was significantly higher in Lgl 4

than in L972. Copepodid stage 4 of. cohort 1 exhibited dia-

pause, entering the profundal- sediments in late spring and

emerging in the autumn, coinciding with the development of

the same staqe from cohort 3 in the water column. Diacyclops

b . thomasi showed no strong evidence of diel vertical migration,

but each life history stage was generally located at a certain

depth which varied seasonally. Population strategies of dia-

pause and staqe depth selection are discussed.

Population structure and abundance trends did not vary

significantly among sampling stations. Population estimates

were highest in the spring, followed by surrmer and winter

periods, and were approximately two-fold higher in L97 4 than

in L972. Population estimates based on a single deep station

v/ere not representative of the lake. Instantaneous mortality

estimates were also highest in the spring and/or summer, and

lowest in the winter.

Length-weight relationships were described for D. Þ.

thomasi in both carbon and nitrogen units. Relative and



instantaneous growth rates varied for each stage or groups

of stages both within and between cohorts. productivity,

over the May to August period, estimated with both the in-

crement summation and instantaneous growth methods, averaged

approximately .2I g c m-2 in :3i2 and .33 g c m-2 in Ig74.
' _1Productivity estimates in calories were 1. t5 kcal m ' in

Ig72 and 2.42 kcal m-2 in Lgl4. productivity based on a

singre deep station over-estimated productivity for the lake.

Naupliar stages I-5 contributed less than 10?of total pro-

ductivity in both years. Copepodid stages 2, 4 and 5 made up

approximately 1 0 and 6LZ of the total productivity during

L972 and L914, respectively
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INTRODUCTION

Diacyclop s bicuspidatus !þomasi (r'onees) is a major cyclo-
poid species in temperate North American l-akes (pennak I957).

Although this species is found in virtually every pond and

l-ake in most temperate regions, there have been only limited
studies on its life history (McQueen 1969, Carter 1974, Selgeby

L975, Armitage and Tash L967, Moore 1980, peacock I9B2). Unfor-

tunately, this information on copepod life history is essential
for timnologists to understand the role of copeþoas as secondary

producers in aquatic systems. rn addition, there has been only

limited detailed work on the behaviour, population dynamics and

productivity of D. b . thomasi in any lake system. The objective
of this thesis is to describe the rife history, behaviour, popu-

lation dynamics and productivity of D. Þ. thomasi in west Blue

Lake, Manitoba. The information obtained in this thesis is not

only applicable to D. b. thomasi in other lakes , but is also

useful- in describing the ecology and role of other copepod species

in aquatic systems.

Typical of other temperate copepod species, the popu-

lation of D.b. thomasi is multivorti-ne, with severar co-

horts developing annually. Murtivortine populations tend
to be complex because of a large degree of stage overlapping
(Al-1an and Goulden 1980, paguette and pj-nel-Al]oul_ Lg82) .

consequentry, a detailed anal-ysis of the population requires
identification and enumeration of arl or most l_ife history

-l
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stages. This can be a formidable task especial-ly when 12

life history stages are invol-ved and also since the identifi-

cation of some of the naupliar stages is still of taxonomic

concern (Lewis et al. 1972). In addition, freguent sampling

is essential so that the development of l-ife history stages

is not missed.

As part of the life history information on D. Þ. thomasi,

data \^/ere obtained on diapause and diel vertical migration of

this species in west Blue Lake. The majority'of work on cope-

pod diapause has ¡".., conducted in Europe, and has been de-

tailed for a number of cyclopoid species (Elgmork 19B0) .

Zooplankton species entering diapause may have a competitive

advantage over other species which remain in the water column.

Although diapause of D. b . thomasi in l-ake systems has been

known for some time (Birge and Juday 1908), the importance

and occurrence of this behaviour as part of a population

strategy has not been furly demonstrated. Almost no infor-

mation on vertical migration of D. Þ. thomasi is avail-abre

in the literature (Hutchinson 1967) . This is unfortunate

since diel migration of this species may result in stages

or groups of stages migrating through or serecting preferred

temperatures and/or food concentrations which can signifi-

cantl-y affect productivi ty estimations. several hypotheses

have been put forth suggesting that migration may have

advantages in terms of metabolic efficiency and female

fecundity (Mclaren L974, Enright lg77) , and may also act

as a mechanism to avoid predation from visually oriented
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planktivores (Zaret ancl Siuf fern I976, VJright et aI. 1980,

Stick and Lampert 19Bl). Too few detailed field studies have

been conducted on stage migration or depth sel-ection by

limnetic copepod species to understand the strategy involved

in vertical migration (Hutchinson 1967, Ringelberg I980,

Orcutt and Porter 1983) . In Vilest Blue Lake, a detailed

analysis of stage distribution of P. Þ. thomasi was conducted

prior to and following the onset of thermal stratification.

The Iife history strat.egy of vertical migration or depth

selection of D. b. ihonl-rti is discussed in the text.

Information on zooplankton population structure,

fecundity, growth, and even numerical- abundance has often been

derived from a single deep station which is assumed represen-

tative of the lake (Kajak and Hillbricht-Ilkowska L972, Ward

and Robinson I974, Paquette and Pinel-Allou1 1982). However,

this assumption may be erroneous, especially in large lake systems,

where large variability in zooplankton popul-ations occurs (Patalas

1969, Patalas and Patalas I97B). In Vüest Blue Lake, the popu-

lation structure and numerical- abundance of D. Þ. thomasi were

compared among several sampling stations in the lake. Population

estimates were determined for the mean depth of the lake.

severar estimates of zooplankton mortality are avail-
able in the literature, most invorving primarily the roti-
fer and cradoceran groups (Edmondson Lg7l, Keen and Nassar

19Br) . The procedure most frequently used for estimating
mortality is the egg-ratio approach (ndmondson Lg77) , a
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method which is inappropriate for zooplankton groups with
complex life histories such as the copepods (Taylor and

slatkin r9Bl). Few mort-atity estimates of copepod species

have been determined with more reasonable approaches (e.g.

comita 1972, confer and coorey 1977). rn l¡rest Blue Lake,

total mortari-ty was estimated for each cohort of D. Þ. thomasi.

A number of studies are avairable in the riterature
describing groi/'¡th of l-imnetic populations from field samples

(Coo]ey I973, Rigler and Cooley Ig74, Borgmann et aI. Lg7g,

Paquette and Pinel-Al-foul 1982) . Field derived estimates

usually require well defined cohorts which j-nvolve laborious

identification and enumeration, and frequent sampling. For

this reason, many investigators estimate growth in the l_abor-

atory to simulate conditions of field growth (IJinberg rg7L,

Mclaren and Corkett 1981, Landry I9B3). However, problems

arise as to which temper:aLure(s) and food concentration(s)
to use in the raboratory, since the species may exhibit diel
verticar migration in the field (Bell and ward 1970) " rn
west Brue Lake, growth was estimated from fiefd sampres for
each cohort of D. Þ. !ègn',gÊA. rn addition to relative growth,

instantaneous growth was; determined using a procedure developed
for fish (draprnan 1968, Ricl<er L975), r,,ihich has si¡rce been applied to in-
rrertebrate ¡npulations (waters L977, Rigler and Dou¡ning, j_n press) .

Although many es't-imates of copepod prorluctivity are

avaj-lable in the literal-ure, onry a few studies have been

conducted in North America (Comita L972, Cooley L973,
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Schindler L972, Rigler and Cooley L974, Swift and Hammer

Lglg, Borgmann et al . L979, Tremblay and Roff I9B3) . Many

researchers have determined development times in the labora-

tory rather than from field data (Winberg IglI and others) .

However, as indj-cated above, it may be difficult to extra-

polate these laboratory results to the field. In addition,

several researchers have calculated productivity for mu-Lti-

voltine populations based solely on one growth curve leneraì rv

laboratory derived (Ka j ak and Hill-bricht-Il-kowska I972) -

The magnitude of error for a single growth curve is not known-

Others, because of lir¡ited data collections, have estimated

productivity based on the production to biomass (P/B) ratios

calculated from adult body mass using an empirical relation-

ship. This approach has been severely criticized by ¡lcl,aren

ancl Corbett (f 984).

In l,riest Blue l,ake, productivity of P-. Þ-" thomaïL- was

estimated for each cohort using two popular rnethods: the

i¡rcreinent sLlmmation methocl (Winberg 191),, Þ/aters )-911) and

the IÌrstantaneous growth method (Chapman 1968, Ricker f975).

These approaches are discussed in detail by Downing and Rigler

(in press). GeneraÌIy, the increment summation method is

described as a discrete linear model- whereas the instantaneous

growth method involves an exponential approach (Gj.llespie and

Benke L979) . Tf- sampling intervafs are small relative to

changes in mortality and growth, then both increment sunrmation

and instantaneous growth should yield simitar estimates of pro-

ductivity" Productivity estimates of D" b. thomasi were ex*
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pressed in both carbon and ca]ories, and the advantage and

disadvantages of both measurements considered. rn addition,
productivity estimated from one growth curve was compared

to estimates for al-l- cohorts in an attempt to assess error
associated with estimates based solely on one qrowth curve.

Ifost researchers investigating copepod productivity

have either neglected or combined naupliar stages (winberg

r97r, Kajak and Hirl-bricht-rrkowska L972, swj-ft and Hammer

L979) . unfortunately, the importance of individual stages

to total- productivity has not been resol-ved, and the magni-

tude of error associated with neglecting or combining stages

is not fully known (Rigler and cooley 1974, George 1976) .

on theoreticar grounds, one would not expect production to
be highest in the early life history stages. A detailed life
history analysis is required for a better understanding of
productivity and the contribution of individual stages to
production. rn west Blue Laker productivity of D. Þ. thomasi

rn¡as estimated for most life history stages in each cohort,
and the importance of naupliar production is dj_scussed in the
text.

This study was conducted in west Bl-ue Lake in west

central Manitoba during the period I972 to Lgjs.



LITERATURE REVIEW

l-. Taxonomy and Distributj-on

The genus Çygþp¡, first described by O.F. MuIIer
L975, belongs to the subfamiry cyclopinae, one of the three
subfamifíes of the family cyclopoidea. The cyclops genus

is mainly confined to temperate North Ameri-ca, Asia, and

Europe (Hutchinson ]-96l). yeatman (1959) records 29 species
of the genus Cyclops in North America.

Cyclops bicus idatus was first identif,ied by Claus
in 1857, and can bé clivided into two sub-species in North
America: C. Þ_. l-ubbocki Brady tB6B, and C. b. thomasi

Forbes lBB2. There are two morphological differences be-
tween these subspecies (Edmondson r959) . one difference is
the number of segments comprising the flrst antennae.

Cyclops bicuspidatus thomasi has L7 segments whereas C. b.
lubbocki has only 1,4. Another major dj_fference is that the
outer termina] spine of the endopod of leg 4 is twice as

long as the inner terminal spine for c. Þ. thomasi, and only
1.5 times as long as the inner spine for c. b. lubbocki.

The subspeci_es present in West Bl-ue Lake is C. Þ.

!þe!LeE. which is the common facustrine form in North America
(Hutchinson L967).

Recent-ly, severaf i.nvestigators have used the genus

Diacyclo ps instead of Cyclops to describe Cycfops bicuspidatus

Llgryær (e " g. carter e b ar-. 19B0 ) . For consistency with
current literature, bhe qenus Diacyclo

7

the text
ps is used throughout
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Diacyclops bicuspidatus thomasi is the dominant cyclo-
poid copepod in temperate North American lakes. pennak

(1944, 1957) described it as one of the dominant cyclopoid
species in the mid-western United States. Dodds (1919)

found it in colorado l-akes at elevations ranging from L25o

to 3700 m.

In Canada, it is wideJ_y distributed. It is a domin-

ant component in the plankt-on from Lake okanagan in British
corumbia (Patalas and sal-ki 1973) to small- rakes in New

Brunswick (Patafas pers. comm.). rt has been found in every

major temperate l-ake (Patalas Ig75, Watson Ig74) , except

those perhaps in the maritim.e provinces (carter et ar. rg8o) .

rts exclusion from the maritime provinces may be related to
either competition or the simple fact that it has not yet
dispersed there (Carter et al_. 1980) . fts northern distri-
bution is somewhat restricted. patalas (r975) , and pataras

and Patalas (1978) noted D. Þ. thomasi in Great slave Lake

but not Great Bear Lake. Archibard (rg71) reported it in
only one of the 36 l-akes he investigated in the yukon terri-
tory. Moore (1980) , however, had observed this species i-n

Yel-lowknife Bay in the subarctic. simirarly, sutherl_and (1982)

reported it in the Tuktoyaktuk Harbour in the Northwest Terri-
tories. D. b. thomasi is al-so present in high alpine lakes in
Al-berta (Anderson L972) .

Diqcyclops bicuspidatus thomasi has been found tobea
ma]or component of the Great Lakes plankton (patalas rgTz,

Patal-as L975, Leach L973, watson and carpenter r973, !üatson

I974, Selgeby L975, and Hawkins and Evans 1976) " I¡latson and

Carpenter (I973) reportecl adul-t concentrations exceeding
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200,000 ind. m-3 in the central and western basins of Lake

Erie during June and July. rn Lake St. Clair, Leach (1973)

also found that maximum numbers occurred in July (40,000 ind.
-2m -). Early spring and fal-I periods showed lower abundances.

Patalas (1969) found levels as high as 1000 ind. " 
-2 in

August around Toronto Ilarbour in Lake Ontario. Similarly,

high summer densities have been observed l:y Davis (1954,

1962) , and Rolan et al,. (1973) in the Cleveland Harbour area

of Lake Erie. Patalas (1969) reported variable horizontal

distributi-on of D. b. thomasi in Lake Ontario from June to

October" During Aqgust, spatial distribution ranged from

I00 to 40i ind. " 
-2. Temporal variation of D. b. thomasi

in Lakes Erie and Ontario have also been reported by Watson

and Carpenter (1973) .

2. Life History

Most investigations of the population structure of D. b.

thomasi has been restricted to counting adult stages only or

combining stages (Patalas 1969, Leach I973, Watson and Carpenter

L973, Peacock 1982) " There are few detailed studies of the

population structure of D. Þ. thomasj- in temperate lakes.

Detailed population investigations require the identification

and enumeration of all- or most life history stages. For

D. Þ. thomasi, there are six naupliar stages and six copepo-

did stages, the last being the adul-t (Ewers 1930). Infor-

mation on life history stages is required for the identifi- 
t

cation of cohorts. A cohort refers to al-l those animals

developing from eggs within the same reproductive period.
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A cohort can give rise to one or m)re generations. it@r:een (1969) found

a r¡'rir¡oltine population in ivlarion Lake, 8.C., a tenperate talce. Duration

fiom egg to aopepodid stage 4 was esti¡nated to be 45 days, with egg p:oduction

occurring in late May. Similar1y, l,bore (1980) observed only a r:r¡ir¡oltj¡re

population of this s¡:ecies in a subarctic lake. In Leavenworth County State

Iake, Kansas, Armitage and Tash (L967) obsenred tr,vrc or three æhorbs annr:aIly

of this s¡:ecies. The duration of each cohort was approxinntety 35 days.

Similarly, Havicins and Evans (1976) reported tlrree cohorts of D. b. thomasi

in Lake Michrigan. Selgeby (1975) reported two generations (cohorts) of th.is

species in Lake Superior. Durations r,rere not reported in either study.

PeacocJ<'s (1982) data on A. Þ. thomasi j¡r Ptaci,J Lake, s.i. suggests tr¡¡o cohorts

developing during the May to Septenrber ¡:eriod. Eslimated duration of thre

spring cohort was'approxinately 67 days. Generally, nrost'tençrerate lake cope-

pod species harre multivoltine ¡rcpulations, the nurber of cohorts ranging

flpm tr.qc to firre èpending on the trophic level of the lake (Rigler and

Cooley 1974, Cornjita 1972, Carber 1974, George 1976, All-an and Goulden 1980,

Paquette a¡rd Pinel-Alloul L9B2). In subtropical and tropical lakes, extrene

multitrclLism rrry occur with as nËrny as ten oohorts occurring annually (Burgis

I97L, 1974' Al-lanson and Har:t 1975). fn contrast, subarctic or arctic oope-

pod popul-ations are generally univolti¡re (Roff and Carter 1912, l4oore 1980) .

Semir¡oltine (2 year life history) calanoid ¡ropulations (e.g. Senecella cala-

noides) harze a-l-so been observed i¡r sone tenperate l-al<es (Carter et al 1984) .

Results from laboratory and field research on copepods

have indicated that life history duration is a function of
several environmental factors (Allan and Goulden 1980, Vijverberg
1980). Temperature has generally been considered the most important

factor affecting duration for most copepods (Mclaren 1963,
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winberg 197r) , including D. b. thonasi (Itcore 1980) . For exanple, life
q¡cle duration of C. strenuus ranged from 30 days at 22oC ts 120 days at 5oC

(Elbourn 1966). Vijverberg (1980) sr¡runarizes the duration and gro,rrth of

five æpepod species as rel-ated to tenperature. Sore researchers har¡e

accurately predicted durations i¡r tlre field based sole1y on laboratory der-

ived tenperature sun¡es (Mclaren rgTB,Ivtcraren and corkett 19Br) . still,
others have pointed out thre inporb.ance of food quantity and qrnlity as fastors

affecting æpepod developnent (Vijverberg 1980). Developnent of several æpe,

@ species took approxi-rnately 56 days viten food concentration was 0.2 - I.O
-?

9m " (Sushkina 1964) . Food guality nray also affect duration of life rycle.
Fed on an algal food sorrræ (Scenedesnn:s), Acanthoqzclops virj-dis tool< 61.8

days to conplete its l-ife rycle (Smyly I97O). tr{Lrerr t}re food souroe was

læplaæd by nar-plii and cladocerans, tlle duration was reduæd to 31.4 and

48.2 days, respectirrely. fn another studlz, the developnental tires of three

copepod species was :¡el-ated to water tenperature and food availability
(Paqr:ette and Pinel-AJ-loul L9B2) .

Diapause is an j-mportant phase in the life history of
fresh-water copepods. As early as 1908, Birge and Juday (1908)

reported the arrest of the fourth copepodid stage of D. Þ. thomasi

in Vlisconsin Lakes. During the summer, this stage teft the pelagic
zone and entered the profundal sediments. subsequently, Moore

(1939) and Cote (1953) have described this phenomenon for D. þ.
thomasi in Michi-gan and Minnesota lakes, respectivery. peacock

(I982) also observed D. b. thomasi to overwinter i-n pl_acid Lake ,

B.c. rn crrntrast, hcxniever, diapau.se tùas not re;nrted for !. þ. thcxnasi in

Yelrcn¡knife Bay, a subarctic lake (lrlrore r9B0) , or in r,ake sr4>erior

(Setgeby f975) . Other species of cyclopoids have also been

shown to diapause. A complete arrest of deveropment in the
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C. vernalis (Coker I933) .
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stage has bee

9. Leukarti

) , Diacyclops

n described for
(Fryer and Smyly (1954),

navus (Watson and SmallmanC. strenuus (rf gmork 1959

I977) , g. vicinus (George I976) and Tropocyclops prasrnus (Paquette

and Pinel-AIloul L9B2) . Diapause has also been reported for cope-

podid stages rr and rrr for several cyclopoid species (Elgmork

1980). Diapause in cyclopoids has been noted to be similar to
diapause in insects (Southwood 1968, i{atson and Small-man 1971).

Seasonal patterns of induction and termination of diapause

varies with species. In Leavenworth County St'ate Lake, Kansas,

ArmÍtage and Tash (igøl) suggested that p. Þ. !_þgmg¡å went into
diapause in the sediment in late spring and remained there until
winter. George (1976) noted that C. vicinis left the open water

in mid-summer and remained in diapause until- the following spring.

A simirar pattern has been described for D. Þ. thomagi in Marion

Lake , B . C. (McQueen 196 9 ) . In Lake Cromwel-l, Quebec, paquette

and Pinel-Al-l-oul (L982) noted Tropo cyclops prasinus to enter dia-
pause in the fall. rn southern Norway, Elgmork (1980) observed

9. strenuus to enter diapause in sunìmer, winter and fall
periods. In each case, diapause terminated in the spring.

The adaptive significance of diapause may involve an

escape from an unfavourable environment or an important

timing in the species' l-ife cycle (E]-gmork 1980) . Under

extreme conditions, such as 1ow oxygen or high temperatures

in a pond environment, the diapause stage may be the only

means of survival. In Iimnetic systems, diapause may give

the species an ecol-ogicaf advantage over other members in
the planktonic zone. I'ood availability, predators, and
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competition are all selective forces for cyclopoid diapause

(Nilssen 1980). Although severaL environmental factors

have been suggested as cues for inducing and terminating

di-apause, day length and temperature are considered the

major variables (Watson and Smallman I9lL, George I976).

3. Behaviour - Vertical Migration

Vertical migration can be defined as "daily changes

in the vertical- movement of animals in a column of water"

(Hutchinson Ig61). Although zooplankton migräaio., has been

known since LB7l, there have been surprisingly few detailed

studies ón diel vertical migration of freshwater copepod

specres (Hutchinson L961, Kerfoot f9B0). In North America,

studies on cyclopoids have generally been restricted to

adult stages, with l-ittle information presented on life

history stage migration. Furthermore, almost no research

has been conducted on cyclopoid migration throughout an en-

tire season (Langford r93B). There appears to be only one

migration investigration of D. b. thomasi, in which pennak

(L944) observed that adults generalry showed l-ittle evi-
dence of migration in four colorado lakes. Most research

on cyclopoid migrations has k¡een conducted i_n Europe, and

generally concerned c. scutifer, c. strenuus ancl c. tatricus
(Siebeck 1960, Hutchinson 1967).

Few studies have deatt with the migration of nauplii.
Data on naupJ.ii migration of D. b. thomasi are not available,

but for C . strenuus, Southern and Gardiner (I926) observed

that nauprii concentrated at the surface at niqht and. were
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randomly distributed during the day. A slight. reverse mi-

gration of nauPlii of C . strenuus was observed in Lake

Lucerne (Worthington 1931). In Lake Nipissing, Langford

(f938) found no evidence of migration of CycloPs spp'

Generally, most European studies have sugqested that naupliar

stages migrate to a lesser extent than older stages.

Detail-ed freshwater seasonal migration studies of zoo-

plankton are few. Epischura lacustris shotved different nigration

patterns during each month in Lake N-ipissing (Langford 193B) .

No miqration pattern was found in June whereas in July there was

a slight reverse migration as thermal stratifi-cation was estab-

lished. During July and August marked reverse migration was

evident. Different migration Patterns of Daphnia pulicaria have

been observed in West Blue Lake (8e11 and Ward 1970) . During

Àlay animals showed a somewhat uniform distribution throughout

tlre water colun-r withr little evidence of any rnigration. Ho,rever, il Augr-rst

ancl Septenrber, a nnrked nocturnal nrigration pattern was eviclent. Si,núlarly,

irerCer (1984) r:eported Cifferenæs in the nriqration patterns of DePhnie

il_i:-'.l:'.. 
j.¡1 ;1 iirì-tiì1.ì ¡:on,:,1 in l,.l linors" llc at-i-.ribut-ccl ihrtse rli ffcr:c¡:rcns +:o ':.Ìis-

Linct-. qe¡oL¡,,pes of thLe clacìoceran, ancj th¿rt t--he miqration pat-tel:ll was <,Ìe¡æn-

dent on its genetic conqrcsition" George and Fernando (1970) also fourLd that

different rotifer s¡recies can rrtdergo nocturnal mic¡ration i¡l one season and

reverse migration in another"

Several theories on the adaptive si-gnificance of

vertical migration have been proposed and all involve some

life history population strategy" Populat"^ions undergoing

diet vertical migration may have advantages in terms of

metabolic efficiency (Mclaren I974, Enright l-977), and in-

creased fecundity (Mclaren 1963, L974) ' It may be an
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errclutlonary response to nx¡re efficient feeding at higher water tenperatures,

and npre efficient gr:owth at lovs tenperatures v¡tricLr leads to large size a¡rd

hence to i¡rcreased fecr-rrdity. In a thermally stratified lake, zooplarkton

nigrate rryrøard to feed in the \â/alrn epitinn-ion ar¡d dcx¡¡nwards to assirnilate

food in ttre cooler hypolinrrion. In this sense, Kerfoot (1970) mai¡rtains tÌ¡at

zooplanlcton rnigrate as part of a "food e>ploitation strategy". Idctaren (1963,

Lg74) postulates that migrants in a thernally stratified lake har¡e a distinct

adrantage over non-rnigrants. Recently, Orcutt and Porter (1983) tested ttre

ttreory of a ttrernal denrcaraphic advantage using l-ife-table studies of Dapt¡nia

parvul-a cohorts fed on an algal food diet. They found no apparent 'tÏ¡ernall
advantage to vertical migration at eitl-rer high or lorr,r fbod levels, but obsen¡ed

rna:dJftnn fitness for aninnls residing in the warm, surface waters at all ti¡res.

Others have argn-ed that rrertical migration has evol-rred as a nect¡anism

to avoid predation from visually orienting planktivores (Zarel and Suffern

1976, star¡n 1975, wright et ar. 1980, sticj( and r,anpert lg8r). rhe larger,

nore natu:re stages seeJ< deep water as a refuge fron predators. Disadr¡antages

of sl-or^,ed growth at tÌ¡ese tenperatures is offset by tlre rel-ative flreedonr frcrn

predators. Migration rnay be advantageous for juvenj-le stages of copepods or

srnal-l- zooplarkton species (e.g. bosminids), since these groq)s rny not be

heaviry preyed upon by fish (or other predators) r¡'rder any conditj-on

(Irrright et al. 1980).

As indicated above, Vbider 1974 reported a genetic ænponent to r¡ertical

migration in the Daphnia pulg populations he studied. The presenæ of d:if-

ferent genotlpes jn tlre rnigratory behavj-our may have an infl-uence on ttre sensi-

tivity of a population to pert.urbations and changing selection pressures.

4. Population eynamics

Copepod fecundity (r-runber eggs/fenale) varies seasonally. Few

studies on fecundj-ty of q. Þ. thonrasi have been ccnducted (Ar¡nitage and Tash

I967t Selgeby 1975,l,loo¡re 1980, Peacocl< 1982). rn Leavenr^¿rcrth Cor:nty Iake,

Armitage arrd Tash (L967) repo::ted that nean egg nunber of D. b. tlronasi ranged
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from approxirnately 24 i¡r ¡¿ay to 43 in þril. In a subarctic 1ake, clutctr

sj-ze was sigrrificantly lcrurer, ranging from 7 in Septenber to 13 in July

(tr4core t9B0) . Peaæd< (1982) reporbed a clutctr size ranging from 2I-26 eggs/g

i¡ e>çerinental closure tests conducted in th¡o B.C. lakes. Clutctr sizes in

other species, such as C. st:¡enur:s have been knov¡n to varlz seasonally

(Elgnork 1959) . Generally, maximtm egg nurbers have been reported in early

spring or late autr¡rrt for npst q¿clopoid species (Rarzera 1955, Cæorge l;976 ,

Elgnork L959, Elbourn 1966, Paqtette and Pinel--Allou1 1982) . An i¡nrerse re-

lationship between egg nurber and egg diareter has been noted for several

(r)pepod species (Czeczuga 1960, Cooney and Cæhrs 19SO) . ' These variations in

egg nurber and dianeter have reæntly been suggested as an adaptitre strategy

in the crcpe@s life history (Nilssen 1980). Few, Iarge nar-plii generaÌIy

har¡e a ænpetitive advantage over many, snnll ones.

Data on the relationships between female size or

temperature against fecundity are not avairable for D. b.

thomasi, l¡ut in C . strenuus, egg number was negatively cor-
rel-ated with temperature and positively correlated with
animal size (Efbourn 1,966).

several researchers have considered temperature as

the prime factor control Iing fecundity (Elgmork Ig59 ,

Mclaren 1963). still, other factors such as changing day-

length, food quantity and quality have arso been suggested

as important variabres. f n a subarctic l-ake, Ivloore (1980)

reported that changincl ctaylength and the availability of food

\4/ere the major var:iabl-es arffecting fecundity for D. b. thomasi.



L7

IËglenska (1971) for¡rd di:æct relationshlps betlreen fecwrdity and food

cøræntratiqr for seræral erustaæans. She also noted that tiJrÞ i¡rten¡als

betl,ùeer¡ brþods r.veræ shortened wtren aninals rær:e p1aæd in dense food conæn-

traticns. Smyly (1970) ::eported wariable fecr.rrdity of A. viridis wten fed

öfferent food types. With an algal food souræ, A. viridis arreraged 18.5

eggs per brood ccrça:ed to 82.6 eggs per brood vtrren fed a cladoceran ðiet.

I^Iittr Arternia salina as a food source, A. viridis arreraged or¡er l-00 eggs per

brcod. Peacod< (1982) also obsen¡ed that fecr:ndiþz of niaq/clops bi_cr¡spidatus

thqnasi incleased with an increase in ferLilization (nutrient input) to ex-

perirrental enclosu:es .

No estirnates of birth or growth rates a¡æ available for Dj-acyclops

bicuspidatus thcnrasi in tle literature. Fbr nortality¡ 'selgeby (1975) did

reporb ttrat rorbality appeared Lr-igher for the sr¡nrer breeding generation than

the one present dr:ring and after overr¡rj¡rteri¡rg. Peaæd< (L982) obsen¡ed

highest nortality in natpliar stages j¡r Ptacid lake, B.C. wl¡-icLr was rel-ated to

predation (includi¡rg cannibalism). I4cst detailed studies on tlre population

dlnamics of zooplanlcton conærn the cladooeran and rotlfer groì-ps. The nost

wièIy used techniqr.re for stu{ying the dynamics of natural ¡rcpulations (HalI

L964, Keen 1973, Burgis 1971) is the egg ratio nethod (Eùrondson 1960, Keen

and Nassar l-98I, Det'lott 1980, Rigler and D6¡¿nin9, in press) . The egg-ratj-o

nethod is used to esti¡nate instantaneorrs rates of birth and death. InitialÌy,

population cùrange is described by thre e>qnnential grw,rth eqr:ation:

o or r = InNa-lnNo
t

where No and Na represent poputation size -initially and t

units of time l-ater, respectively, and r ís the instantaneous

rate of nonulat-ion chanoe- The instantaneous birth rateo b" is

Nt =Neft
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calculated from the egg-ratio as follows (Edmondson 1960) :

*b

B is the finite birth rate, E is the number of eggs per

female in the sample, and D is the developmental time of

the eggs. An estimaLe of the rnstantaneous death rate, d,

is obtained from the clil-ference of the estimates of the in-

stantaneous rates of birth (b) and population change (r): i.e
/:l )-- -u p I

The use of birth rate data to compute instantaneous mort-
ality rates (or other kinds of mortatity rates) for copepod species

may be erroneous because j-t assumes that all eggs develop at the

same time, with 1004 hatching success. sampling intervals must

all be short relative to the duration (life span) of the animal
(Hillbricht-Ilkowska and Patalas 1967). In addition, the calcu-
lation of r is independent of the prevailing age structure
(Birch r94B). A stabl-e age distribution is assumed; that is
birth and death rates clo not vary in response to crowding,
predation and other environmental factors.

Few investigators have considered other approaches

in estimating mortalit-y or the number of survívors in a

natural population. Sui:vivorship curves have been deter-

mined for both Meso c lops ecla{ and Diaptomus s ici loides

by cìeveloping a series of regression equations relating the

I'his equation has been modified by several investigators
(Paloheirno L974, Keen and Nassar f9B1).

ln (il+l-) where B - E
D

*
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natural logarithm of abundance to each l-ife history stage,

the slope being the instantaneous mortality rate (Comita

I912). Cooley (L973), and Confer and Cooley (L977 ) also

calculated survivorship curves for Leptodiaptomus minutus

using catch curve statistics originally deveroped by Ricker

(f968, l-975) for fish populations. For cach cohort the

natural J-ogarithm of abundance for each stage was plotted

agrainst the (accurnulatei) age (duration) of the r¡opulation.
The slope of each regression was the instantaneous mortality

rate.

5. Producliwity

ì'roduc:tj-vity (net) of a specific population can be defj¡ed as the

sr.rn of grce¡th increnents of tlre ¡rcpulation during a given tine period.

ûtlrers have defined it srnply as ttre biornass accurn:lated by that population

per r.nit tirre (Rigler and Dcn¡nj¡r9, in press) . The i:nits enployed are

sirnilar to thrat used for standing crop (i.e. r¡-rits of quantity, spatial r¡-rit) ,

with the addition of a ti¡e uLit. Conseguently, sllce a rate is i:rptied,

the term "productirrity" is probably nore precise llan thre term "prod.uction".

No esLimates of Diacyclops bicus idatus thomasi pro-

ductivity are available in the literatr:re. The two basic

methods of determining productivity are the energetic and

biometric approaches. rn the energetic approach, schindler
(1968) used a modification of Sorokin's (1968) Cf4 method to

esti.mate assimi.l-ation (incorporation, Bell and ward 1970)

rates of Daphnia" RespÍration was measured by a micro-

Winkler tj-t-ration method, with growth (G] estimated as the
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difference between assimilation (A) and respiration (R)

i.e. A-R = G. Growth is the estimate of the productivity

of an indi-vidual-. Productivity of a cohort can be calcu-

lated by muJ-tiplying growth increments by the number of
individuals in that cohort. For more recent apprications

of this approach see Klekowski et al. (L972), and sorokin
(r97 2) .

several inherent problems are associated with the

energetic approach, and it has been questionecl as a method

for estimating productivity (ward and nooinson r97 4) . rt
is di f f icul.t i-o construc:t natur:ar f iefd experiments. Major

problems relate to the complexity and the variability of
the food source. seasonaf changes in the composition of
bacterioplankton, phytoplankton, zooplankton (naup1ii,

rotj-fers) , and detritus may arl- af f ect assimil-ation rates.
Although assimilation of organic carbon is mainly control-led
by temperature (8e11 and Ward l-970, Schindler I96g), the
question of which teniperature to use becomes complex when

several l-ife history stages may perform variable dier
vertical migrations throuqh different temperature regimes

(see section on vertical migration) .

The recycling of the isotope occurring during the
feeding experiment can be a major source of error (conover

196r, conover and Francis Lg73). Freshly assimilated radio-
tracer may be channell-ed into different compartments of
respiration and excretion, reading to significant errors in
deter:rnining assimil-ation. During a 6 h feeding experiment
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with Daphnia pul-ex, approximately 402 of the assimj_l-ated

material was lost as respiration (Lampert I9l 5) . Signifi-
cant l-osses (40u ) have al-so been reported for Mesoc c1 e

edax after 24 h assimilation experiments (Brandl and

Fernando L915) . There has arso been concern about possible
containment or "bott1e" effects from enclclsi_ng zooplankton

and water in small containers (Roman and Rublee r9B0).
The nagnitucle of this error is unknown.

Varj-ous biometric procedures are commonJ-y used to estimate
productivity of copepod popu]-ations. All- procedures require life
history data, population abundance, mortality and,/or growth rates,
and/or fecundity (Rigler and Downirg, in press). Some methods

require distinct separation of cohorts (instantaneous growth

rate method) whereas others can be applied to overlapping popu-

lations (e.g. increment summation method). one approachr r€-
ferred to as the removal summation method (petrovich et ar.
1961), estimates productivity by calculating totar cohort mor-

tality. If accurate assessments of instar l-osses can be made

from successive field corlections, and assigned a mean weight
value (as ross or el-j-mination), then productivity would be equi-
valent to the summation of total- losses over the entire tife
span of the organism (Waters I977). Biomass estimates (elimi-
nation) for each instar at each sampting date can be calculated
from the difference between the theoreticar and the actual
biomass as fo]lows:
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Be=BpxT/D

where Bp j s the actual bj.omass of the preceding instar in
the preceding sampling period

Be is the eliminated biomass

D is the stage duration (days) ancr T is the sampling
period (days ) .

For more recent applications of this method see smyly (rg73),
and George (r976). Leblond and parsons (L977) have simpri-
fied this method j-n carcurating productivity of a cohort by

modifying it in an exponentJ_al form.

Productj-vity has also been determined from calculating
turnover times (the time taken for the population to reprace
itself), and j-s calcutated by dividing daity biomass by the
turnover time. Turnover time (T) is the reciprocal of
finite birth rate (B) as foll_ows:

where

(see page tB for cl-arification of B, E, and D)

several unrealistic assumptions are made apprying this
approach to crustacean populations. A population with a stable
age structure is assumed (winberg l-971a). The finite birth
model assumes no egg mortality and requires that most of the

growth occurs in the embryonic stage. This may be true for groups

such as the rotifers (Edmondson 1977, Romanovsky and Polishchuk

L9B2) but, in crustaceans, major growth increments occur in the
juvenile stage (Hillbricht-flkowska and patalas L967) . In
addition, turnover time of num.bers is not the same as turn-

B_E
D

T=t
B
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over time of biomass (winberg et al. L912), especially since

weight (biomass) of an individuat varies with the cube of
its length. An adutt stage of Macrocyclops arbidus can be

several- hundred times heavier than an early naupriar stage

(Klekowski and Shushkina f966). Still, the approach 1s

widely used in estimating crustacean prod.uctivity (stross

e! al. 1961, Wright 1965, Stepanova Ig7I, Burgis I97I, L974).

Another methodr r€ferred to as the increment summa-

tion method, estimates productivity as a summatj-on of all-
growth increments through the life span of a tohort. This

method was initially devetoped by pechen and shushkina

(1964), and winberg et al. (1965), and is commonly referred
to as the "Pechen-Shushkina" or the "Russian" method,. fn
general, Gillespie and Benke (r979) has indicated that this
method appears to be the simplest approach in calculating
productivity as compared to the remova-l- summation, instan-
taneous growth, and the All-en curve methods. rn the increment

summation method, a series of samples are taken at regular
intervals throughout the cohort l-ife. From one sampre to
the next, growth increments are calculated for each life
history stage or series of stages (from laboratory or fiel-d),
and are next multiplied by the abundance of that (those

stage (s) to obtain an estimate of productivity. The formul-a

follows:

NeÅryg
Te

+ NnÀwn + NcAWcP

Tn Tc
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where P is the product.j vity in weight units/day of the

cohort.

Ne, Nn, Nc refer to the number of eggs, naupJ-ii and

copepodid stages.

Awu, Awn, Awc is the weight increment (initial minus

final) durinq the particul_ar stage.

Te, Tn, Tc is the time of development (duration) of

the particular stage.

One major advantage of this method is that cohorts

do not need to be. defined, and this method .rn U" applied

to any continuously reproducì-ng popuration (Þldmondson and

Vüinberg L972) . Winberg (l-97la) describes a graphical method

by which increment summation can be used to estimate pro-

ductivity. Mean individual weights, specific daily growth

increments, and numbers in the cohort popu-lation are plotted

to derive productivity

Several investigators have compared estimates of
productivity using the increment summation method with other

approaches. Smyly (L913), and Winberg et al-. (1965) noted

that the removar summation method invariably gave higher

esti.mates of productivity than the Russian method (increment

sumrnation). They attributed this di-screpancy to the use of
mean estimates of biomass in the removaf summation method,

instead of initial- and finar weights of individuar instars

in the increment summatlon method. Allanson and Hart (r975)

compared the increment summation method with the Lurnover

time method for the popuration of pseudodiaptomus hessei in
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Lake Sibaya, South Afi:ica. On average, turnover time esti-

mates of productivity were four tj-mes as large as the incre-

ment summation estimal-es, and were attributed to an over-

estimate of growth based on l-rirth rate statistics.

Although it appears a more accurate measurement of

estimating productivity, there are stil-l several potential

problems associated with the increment summation method.

DevelopmentaÌ time (T., Tn, t.), a major component of the

formula, is difficult to determine for natural populations.

Most European workers have either used the "Xrogh curve"

(Winberg I91Ia, Winber:g et al. 1912) or have used laboratory

derived development times (Pechen and Shushkina L964, Winberg

et al. 1965, Winberg 197l-a, Ka jak et al-. l-97 2, Allanson and

Hart 1975, and others). The basic assumption, in both

methods, is that temperature is the major variable control-

ling the time of development. Although this has been demon-

strated to be true by some investigrators (Mclaren and

Corkett I9Bl) , there is stil-l some questions as to which

temperature (s) to use.

The diel vertica L migration patterns of some zoo-

plankton migrating thi:ough variable temperature regimes

makes the situation complex (Hutchinson L967, BeIl and Ward

I970). Secondly, other factors such as food have been

considered important in determining stage development.

Smyly (L910) has shown for Acanthocyclops viridis, that

developmenL can be decreased h,y 59e" when nauplii are used

as a food source insteacl of unj-cell-ular algae at a constant
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temperature of I7oC. Similarly, Shushkina (Ig64) found

deveropmentaf times of cyclopoids wirf vary greatry as a

function of food concentration. weglénska (rgl L) determined

productivity for six crustaceans based on developmental

times derived from laboratory experiments with temperature

alone, and temperature and food combined. During the August

period, productivity estimates were 342 higher v/ith measures

derived f rom temperatur:e alone.

Recently, several investigators have questioned the

refiability of laboratory-derived devefopmental times and

have cafculated stage development times from fiel-d data.

comita (rg72) provided the first guantitative approach to
obtain developmental values from population data for two

copepods in Lake sevei:son. The abundance of each instar
within a cohort was plotted against time. Duration of each

instar was assumed to be proportional to the length of the
time-abundance curve for that instar, that is, the period

between the appearance of an indj-viduar in any sampJ_e and

j-ts dísappearance. Although this is a valid method to estimate

stage duration, comita (L972) faited to calcul-ate duration in
precise mathematical terms, and has been strongly criticized by

Rigler and Cooley (I974). Still, their method is being used to
estimate stage duration (peacock 1982). Rigler and cooley
(l-g74) , and Smyly (1973) estimated stage duration as the

difference between mean (midpoint) purses of successive

stages (i.e. purse of an instar to that of the previous one).
rn this approach at least two stages are considered in the

analysis for each calculation. Smy]y (L973) estimated the
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midpoint of each stage from a plot of instar abundance ver-
sus time. Similarly, Rigler and Cooley (Igl4) described mean
pulses for each stage from a series of equations relating
abundance against time for severar instars. Their approach,
which assunìes that durati-on of each instar is greater than
that of the previous stage, however, can be unreal_istic. For
multivoftine popurations which reproduce in the winter, dura_
tion of naupri-ar stages developing in the winter months may
i-ndeed exceed. that of rater stages developing in .earry spring.

Another biometr:ic approach used to estimate productivity
is the instantaneous growth rate method. rhis method was ori-
ginalty developed for fish populations (Ricker 196g, Chapman

1968) and this method or modifications of it are now being used
to estj_mate secondary productivity (Gitlespie and Benke IgTg I
Rigler and Downing, in press). fn its simplest formr produc_
tivity is the product of instantaneous rate of gro\Á/th (G) and
mean standing crop (B) .

r.e. P = G13

where P = productivity f"or a given period of time in weight/

spatiat unitr/time period

G - instantaneous growth rate for the time period

B = mean standing crop during the time period, in

weight/spatiaJ units.

In this method, one assumes that weight or growth of

an individuar (or instar) increases exponentialty rather

than linearly, âs in the increment summation niethod. Thus,

the time period for sampling must be short to validate this

assumption. one advantage of the instantaneous growth rate
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method is that developmental times are not required in the

calculation. However, it does require that cohorts must be

defined which may be difficul-t to determine in some multivoltj-ne

populatj-ons. Applications of thís method for fish populations

are given by Kelso and Ward (Ig72) , and Schweigert et aI. (1977) ,

and for secondary producers are given by Rigler and Downing (in

press). Allen (1951) has represented the instantaneous growth

formula graphically, which is commonly referred to as the "A11en

curve". Mathematically, Al-l-en curves and the instantaneous

growth equation are simil-ar (Gillespie and Benke 1919). Allen
curves also require identification of cohorts before they can

be applied to a multivoltine population. Lysack (I976) compared

the productivity of a univoltine population of Chaoborus flavicans

in West Blue Lake using both All-en curve and increment summation

methods. Net productivity determined by both methods were similar:
Allen curve: L9B2 mg dry weight m-2y-f, and increment summation:

2074 mg dry weight m 'r-'. Allen curves have been widely used

to cal-cul,ate benthos productivity (Edmondson and WJ-nberg 1972,

Waters L977) .

Gitlespie ar¡d Berke (1.979) has nurericatly conpared the increnent

sunnation and thre i¡lstantaneous grcxuth nethods for estj¡ating productivi{.

If grcxarbl. and nortality of a population a-re e>qnnential., and sanpling j¡rten¡als

are large, then use of the instantaneous grorrth nettrod yields a scnewhat

better esti¡nation of productiviQz than tlre inc:enent sr¡rnntion netlrod. Rigler

and Dc¡¡¡ni¡rg (in press) harze also i¡rdicated that if the population density is

increasing (ècreasing) at an ex¡nnential rate, then the logarithmic nean

(instantaneous growth) 1rould be a nore accurate estinate of the average popu-

lati-on than t].e arittureLic (increnent sr¡nnation) nean. Ho\,\ever, if the

sanpling inter.vals are srnall relatj-rre to grcrartJ- and nortality, tlre discre-

pancy betwee¡r both nethods v¡culd be minimal.
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Other methods are available for estimating copepod pro-

ductivity. Borgmann et al. (1979) developed a method of esti-
mating copepod productivity based on the sj-ze fractionation of

the population using a series of fil-tered screens. More

recently, Romanovsky and Polishchuk (Lg82) devel-oped a production

equation using an instantaneous growth component for both somatic

(body weight growth) and germinated (reproductive) production.

Many of these methods require an extensive data set with

abundance estimates and weight determination for a variety of
instar or larval forms. Some researchers, with limited data sets,

have estimated productivity based on more simplified methods,

such as the production to biomass tål ratio (Tremblay and Roff

1983). In this method, it is assumed that the annual production/

biomass ratios for copepods are negatively related to adult body

mass byt
Þtog ä = -0.16 0.34 (1og M)

where M is adul-t body mass in kilocalories. This equation is
from Banse and Mosher (1980) and is based on the data sets of

32 invertebrate species. This approach has been strongly criti-
cized by Mclaren and Corbett (f984) as a method for estimating
productivity because of a lack of a true dependence of development

rate and specific Arowth to body size in copepods. Banse (1974)

al-so suggests that apprications for rerating production to bio-
mass are most suitabl-e for estimating productivity for planning

field research or for developing the theory of food web relations.
Fe\,v copepod productivity estimates exist in North America.

The only annual productivity estimate of a cyclopoid species that



I have found is Comita's

Severson Lake, Minnesota.

1813.5 cal. *-t"-t.
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(L972) study of Mesocyclops edax in

U. edax productivity amounted to

Other cyclopoid productivít.y estimates are avail-abl-e in

the European literature. Patalas (1970) estimated productivity

of Mesocy clops spp. , which ranged from ] .5 q m in heated

Lake Lichenskie to 0. 86 g m '"-t in unheated Lake Mikorzynskie

George (L976) found annual productivity of C . vicinus amounted

-? -) -? -)to 2.7L ng m -' (4-29 g m') in L970 and 2.L0 g m - (4.8 g m. -)

in L97L in EgJ-wys Nynydd, Wales. In the English lake district,

Smyly's (1973) annual productivity estimates for C. strenuus

abyssorum ranged from 155 mg wet weight m-3 for Rydal Lake to
-?600 mg wet weight m " for Esthwaite Water. Alimov et aI. (L912)

calculated annual productivity of C. scutifer in Lakes Krivoe

and Krugloe. During the ice free season, productivity was 1.8
_2 -)kcal m - in Lake Krivoe and 0.19 kcal m - in Lake KrugJ-oe.

Winberg et al- . (I912) calculated productivity of Cyclops sp.

in three different types of lakes. Annual productivity was highest

in the slightly eutrophic Lake Batorin (25.2 kcal n,-'), followed

by the highly eutrophic Lake Myastro (lf-2 kcal *-2). The meso-

trophic Lake Naroch Produced 4.8 kcal m--2 of Cyclops sp. annually.

-2 -r
v



MATERTALS AND METHODS

l. Study Area

West Bl-ue Lake is located in Duck Mountain Provincial-

Park in central Manitoba (Figure f). The lake is long,

narrov/, and steep-sided with an area of 160 ha. The maximum

length is 4.8 km; the maximum depth 3l m; and the mean depth

1I.3 m. Diac c s bicusp idatus thomasi is the dominant

copepod species in the lake" A detailed description of the

lake including species lists is gì-ven by Ward and Robinson

(Le7 4) "

2 Sampl j-ng

Sampling of Diacy clops bicus idatus thomasi was done at

statj-ons 2, 3, 4, and 5 throughout the study (Figure 1). station

2 ís 30 m, station 3 is 20 m, station 4 is approximately 7 m,

and station 5 is L7 m. The stations selected were assumed to

be representative of the lake and were based on earlier and

other ongoing research with other zooplankton species (Ward

and Robinson Lg7 4) . Col-lections were made at the following

depths:

STATION DEPTH SAMPLED (M)

2 o, L, 3, 5, 7, L2, L7, 20' 25, 30

3 0, l, 3, 5, J, L2, 17,20

4 0, L, 3, 5,7 (B)

5 0, l, 3,5,7, 12, L7

3l



Figure 1

32

Sampling locations of

thomasi in West Blue

Diacyclops bicuspidatus

Lake.
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During the spring and summer of I972 and L973, collections

v/ere made approximately vieekly at station 2 and bi-weekly

at alI other stations. During L974, collections were made

more frequently at station 2, approximately every 3 days.

All other stations were sampled bi-weekly. Winter samples

for all three years were conducted approximately monthJ-y

and vùere carried out at station 5 only.

Samples collected during L912 and L974 were obtained

with a 29 L Schindler-Patalas trap (Schindler L969) , fitted

with a 73* nitex mesh. During L973, the mesh size was

243p which resulted in an underestimate of smaller life

history stages, particularly the nauplii (Table I).

Table I Comparison of
total nauplii

the ratio of
during L912,

total- copepodids to
L97,3 and l-9-Ì4.

MONTH
RATIO

973

May

June

July

August

Overall mean

1.5 1.0 r.6

L"4 L'7 1.3

I.J 8.4

0.5 4.4

5.9

During both L972 and L974, the ratio of total copepodids

to total nauplii was similar over the May to August pe,riod'

with an overall mean rati-o of I.2 in L972 and 1.1 in L974.

In contrast, however, this ratio was considerably higher in

I 2

oo

6

l_

0

0

I
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1973 since even naupliar stage 6 would be able to pass

through the 2431A mesh.Consequently, data collected from

L973 were used only for qualj-tative purposes"

All samples collected in the trap were rj-nsed from

the net into pre-marked 35 mm square bottles, and \^iere

preserved vrith formalin (5%). GeneralIy, the entire sample

was placed in a counting cell and mounted on a Zeiss inver-

ted microscope. The sample was allowed to settle at least

60 minutes prior to counting (under I00X magnification) -

On a few dates sampled in May, the sample was subsampled

because of the large number of organisms and particulate

matter present.

All life history stages of D. b . thomasi were identi-

fied and counted. Copepodid stage identification followed

the outlines provided by Edmondson (f 959) and Patal-as (pers.

comm. ) . Nauplii \dere gro\dn in cultures to conf irm earlier

work conducted by Ewers in 1930. Fecund females were col-

lected from West BIue Lake in December and brought to the

Iaboratory" Eggs were removed from the females and placed

individually in 50 mL beakers each containing filtered lake

water. Cu ltures were maintained on Ankistrodesmus sp. and

a protozoan mixture, and were held in a controlled environ-

mental- chamber at L2oc with a L4 h light l0 h dark cycle"

The procedure for culturing was simil-ar to that described by

Lewis et al-. (L97 2) . Every two days, each beaker was inspected,

and detailed diagrams were made of the naupliar stage (s)

present. Diacyclops b. thomasi was noted to have six naupliar
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stages which \,rere accurately described by Ewers (f930).

Benthic samples were taken approximately weekly at

stations 2 and 5 during I97 4 and monthly at station 5 during

1975. Samples \^/ere also taken once in 1974 and l-975 at

stations 3 and 4. Coll-ections \^/ere made to investigate whether

D. b . thomasi entered diapause at a late copepodid stage as

has been previously reported for the species (Birge and Juday

1908 ) . Samples were collected with a multiple corer

(Hamil-ton et al. L97I), and observations were made for D. Þ.

thomasi in both the water suspended directly above the sedi-

ment as well as in the sediment sample. The water sample

was filtered through a 73 p nitex screen, washed into 35 mm

pre-labelled bottles and preserved in 53 formalin. Samples

were later counted with the Zeiss inverted microscope and

copepod abundance was expressed as the number of individuals

per liter. The sediment samples were washed through a series

of large nitex screens ( )l mm) to remove small stones and

large detrital material. The samples v¿ere next screened and

washed onto a 73¡' nitex mesh, and the contents v/ere rinsed

into labe1led bottles and preserved " Presence or absence of

any life history stage of D. Þ. lhomasi was noted. The in-

tention was to sample for presence and absence rather than

quantitative estimates of numbers in the sediment.

Four diel vertical- migration collections v¡ere made

during I97 4: May 28 , June 11, July 19 and August 16.

Samples \^/ere collected at station 2 which was assumed to be

representative of the lake. Collections viere made with a
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Schind.ler-Patalas trap at depths of 0, L, 3, 5, 7 , L2, L7 ,

20, 25 and 30 m. With the exception of May 28, collections

started at 10:00 h and continued at 2 h intervals for 24 h

on each sampling date. May 28 collections were made at 4 h

intervals. Each sample \^/as labelled, preserved in formalin,

ancl all- tife history stages of D. Þ. thomasj- v/ere counted

under the Zeiss inverted microscope. Temperature, oxygen'

and partículate carbon depth profiles accompanied each ver-

tical migration collection. Measurements were taken

throughout the \^/ater column at similar depths as the plank-

ton samples and followed procedures described earlier in

Ward and Robinson (L97 4) .

3" Calculations of Abundance, Mean Lake Estimates and

Depth-Weighted Peaks

Abundance of Diac s bicuspidatus thomasi vtas ex-I

pressed as the number of individuals per square metre. The

number of individuals per litre was estimated (from the trap)

and was multiplied by 103 to obtain the number of indivi-

duals per cubic metre. This was done for each sampling

depth and integrated for the entire water col-umn. The re-

sultant was the number of individuals per square m.etre.

Population estimates \úere determined for the mean depth of

the l-ake by developing regression equations relating abun-

d.ance and station depth. The calculated correlation coeffi-

cient indicated the amount of horizontal variation in the

sampling. Population estimates were interpolated for the
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mean depth of the lake (Il-.3 m) . Confj-dence limits (95%)

accompanied each population estimate. Mean lake popuJ-ation

estimates were determined over the entire sampling period

(Iong term regressions) . Calculated mean lake population

estimates were used in productivity cal-culations. It

should be noted that this procedure is merely a method for

obtaining an estimate of mean abundance and should not be

considered to have great theoretical importance. This

method will yield a siqniflcant correl-atron .between station

depth and numbers (i.e. sei-f -correlation) when vertical- mi-

gration approaches uniformitY-

Depth-weighted peaks (D) \'úere calculated for various

life history stages of each vertical migration period. For

each migration period (e.g. May 0800), the number of animals

in each stage (*3) was estimated for each sampling depth (0,

I, 3, 5, I , L2, LJ , 20, 25, 30 m) - These were next interpolated

for each depth throughout the entire water colur'¡. Depth-

weiqhted peaks next were calculated as follows:

¿f(a " a)
lA

where D

D

depth-weighted Peaks in m

depth at which the median
population occurs.

refers to the
of the

which
Ieve 1

3# of animals m

water column)
depth in m (a11

at each clepth (for al_l depths in the

depths in the water column)

instars arcl given j.n Appendix G.

A

d

Depth-weighted peaks r:f al1
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4. Cohort separation

A cohort is defined as those animals developing from

eggs to adults in the same reproductive períod. It can give

rise to one or more separate generations. Cohorts were

defined subjectively from field collections at stations 2

(spring, surrmer) and 5 (fall, winter) . Inspection of any

given field sample indicated the preseRce of at least one

dominant naupliar and one dominant copepopid stage (general-Iy

late). This suggested the presence of at least two cohorts

in the population. Based on the abundance peaks of these

dominant stages over successive sampling periods, it was

possible to fo1low the life history development from early

naupliar to late copepodid stages for each cohort. Using

this approach, it was assumed that all individuals of a

given stage had similar deveÌopment. It was also assumed

that field collections from stations 2 and 5 were represen-

tative from the lake. Information on the percentages of

gravid females in the population \^/as also used to separate

cohorts. It \^/as assumed that the highest percentage of

gravid females in a sample would represent the beginni-ng of

a cohort. AJ-though imperfect, there is no better v/ay than a

subjective evaluation of the data in defining cohorts.

5. Mortality Estimates

Mortality of Diacyclops bicuspidatus

estimated using Ricker's catch-curve method"

mortality was calculated from abundance data

thomasi was

Instantaneous

for each cohort.
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These were determined by Iinear regression procedure, relating

the natural logarithm of abundance to time of sampling. The

resultant negative regression coefficient was the instantaneous

mortality rate A.

6. Length Measurements

Egg size was determined for adult copepods coll-ected

from cohort 2 (May) in 1972, and from cohorts I (December,

January) , 2 (May) and 3 (August) in I974- Egg sacs hTere

removed with fine forceps from adults, and egg diameter was

measured with an Olympus ocular micrometer. This micrometer

hras calibrated to + 1.0/t (at l-00X magnification) by the use

of a stage micrometer. To minimize variabitity, more than

f00 eggF were selected from several copepods for each cohort.

In addition to egg measurement, estimates were made on

female fecundity within each cohort.

Lengths were also determined for all other life his-

tory stages of DiacycIoPs. bicus idatus thomasi using the

ocular micrometer at lower binocular po\¡7ers (4X, 10X magni--

fication). Estimated accuracies for 4X and lOX magnifications

were approximately + I0rÀ and + l00r.t respectively. More

than 20 individuals were measured for each life history

stage. Both metasomal and total lengths were determined for

the copepodid stages.
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7 . Determination of Carbon, Nitrogen and Calorific Content

Carbon and nitrogen contents were determined for

several- life history stages of Diacyclops bicuspidatus

thomasi. These determinations \^/ere only made on stages de-

veloping withj-n cohort 2 (spring-summer). During the spring

and sunìmer, plankton samples were inspected frequently to

assess which stage or groups of stages were abundant at

those times. After the initial inspection, each plankton

sample was screened into several size classes by passing it.

through a series of nitex screens: 10504, 500^{ , 243tL,

and 110¡/. . Nauptii and copepodid stages were retained

primarily on the l-10/À , 153/¡, , and 2431* screens, and were

Iater rinsed and filtered onto a Gelman 45 mm 0.45* filter.

Daphnia pulicaris (adults) and Chaoborus flavicans (larva)

were removed from the sample onto both the 1050¡a and the

500/¡. screens. Moist filters were next pJ-aced under a

binocular scope (40X), where abundant stages of D. Þ. thomasi

were identified, and removed with 'micro' pins. Approxi-mately

70-100 individuals from each staqe \^rere placed into carbon

free al-umj-num boats, dried at l-05oc, and combusted in a

Perkin-Elmer Elemental Analyzer Atomic Model 240 for carbon

and nitrogen contents. Egg sacs, dissected from adult

P. Þ. thomasi, were retained on the 243¡+ screen and were

analyzed similarly.

Calorific content of D. Þ. thomasi was determined

approximately monthly during L97 4. Samples were collected

by towing plankton nets vertically through the water column,

and animals collected were screened in the same way as for
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carbon and nitrogen analysis. Daphnia pulicaria and C.

flavicans were removed on the larger sized screens. Copepods

collected on the 110¡^, I53¡^ and 243 t* screens were com-

bined, and rinsed into petri dishes containing 10 mL of

filtered lake water. The sample was next inspected under a

binocular scope (40X) and copepodid species present other

than D. Þ. thomasi \^/ere removed by pipette. A subsample

was then taken (n = 100 individuals), and both the percent

composition and stage make-up of D. b. thomasi were assessed.

If D. Þ. thomasi composed less than 952 of the total number

of animals, the screening and sorting procedure was repeated"

Samples v/ere then filtered onto a Gel-man "45þ- filter, dried

at lO5oC for 24 h, and. weJ-ghed on a Cahn electronic micro-

balance " Calorific content of .each sample was determined

with a Phillipson micro-bomb cal-orimeter (Gentry Instruments).

Actual procedures were similar to that described by Phillipson
(l-964) and Schindl-er et al. (1971). Pell-et size ranged from

approximately 2 lo II mg dry weight.

B. Growth Rate Estimates

Both relative and j-nstantaneous growth rates were

estimated for Diacyclops bicuspidatus thomasi. Relative

growth rates were estimated for each cohort and were based on

weight increments between successj-ve instar stages (Winberg

197la). Carbon and nitrogen content of the various life

hj-story stages of D" b" thomasi were first determined from

two regression equations: one expressing the relationship

of nitrogen content to length and the other the relationship
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of carbon to length. Weight increments j-n terms of both

carbon and nitrogen v/ere determined by the differences

between adjacent instar weights (for example for carbon,

AWc = W2c - Wlc). For each cohort, the weight increment of

each stage was regressed against time of development or

duration of each stage. The slope of the regression equa-

tion (g) \^¡as an indication of the growth rate of that

particular cohort.

Instantaneous growth rates (G) \^/ere also cal-culated

for Diacyclops bicusp idatus thomasi following the procedure

outlined by Chapman (f968) and Ricker (f975) for fish.

Estimates were determined for each cohort according to the

formula:

Ç = InC2 l-nCl

where C2, Cl

t
weight (carbon, nitrogen) of individual

cohorts at time t

9. Developmental Times

Stage developmental times were determined for each

cohort from fietd samples collected at stations 2 and 5

during both L972 and L974. Cohort devel-opment for spring

and summer periods \^/ere derived from the station 2 data

whereas cohort development in the fall- and winter r¡/ere cal-

culated from data collected at station 5. Stage development

or duration was defined as the difference in time between

the mean abundance peaks of two adjacent instars where N is

abundance, t is time, and D is instar duration as follows:
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D

time (days )

The number of individual-s of each stage within a cohort was

plotted against time. The total- area under the abundance-

time curve for each stage was first determined with a plani-

meter. The midpoint (mean) was next calculated for each

successive stage, the difference (in days) between each

stage was an estimate of development. This approach was

similar to that used by Smyly (1973-) for Cyclops strenuus.

Three assumptions are made using this procedure for esti-

mating stage development.

I. All individuals of a stage have the same development

time" This assumption can be violated if animals show

strong diel vertical migration. For example, all- indivi-

duals of a stage may not perform diel- vertical migratj-on

through the thermocline to the same extent as other indi-

viduals. This assumption is discussed in more detail on

page 5B of the Vertical Distribution section.

2. Mortality is constant for al-l individuals throughout the

development of each stage. If stage specific mortality

occurs, the calculated midpoint for estimating stage

c\
I -

õ
.-l

z
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development may be in error. This assumption is difficul-t

to test since quantitative mortality and recruitment rates

are needed for each stage.

3. Stage developmental times determined from stations 2

(spring, summer) and 5 (fa]I, winter) are representative of

the entire lake. This assumption will be supported in

pages B9-90 of the Population Dynamics section-

10. Cal-culation of Biomass

Biomass expressed as either carbon or nitrogen was

determined as follows. Length-weight (as organic carbon,

nitrogen) relationships \Á/ere calculated for both metasomal

and total length measurements of Diacycl-ops bicuspidatus

thomasi. Using the appropriate equation, the weight value

of a particular stage was cal-culated from the mean length.

Multiptying the mean weight of an individual stage by the

abundance of that stage during a given perioC yielded a

biomass estimate f or that period. Stage biomasses \,vere

summed giving total biomass.

ll. ProductivJ-ty

Productivity of DiacycJ-opq bicuspidatus thomasi

was estimated using two biometric approaches, the increment

summation (Russian) method and the instantaneous growth

method" (Ricker-Chapman) "

The Russian method of calculating productivi,tyn or

increment summatÍon method, \¡/as initíally put forth by
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Pechen and Shushkina (1964) and later Winberg (197la), and

describes productivity as a summation of all growth incre-

ments in the population. The basic components of the
AW

method are growth increments ( D ) and numerical abundance

(N) , and is described as follows:

P ¡¡eAwe + wnAuln + NcAwc
De Dn Dc

where

P = productivity in weight units (e.9. Ag C)

Nê, Nri, Nc = number of eggs, nauplii and copepodids

ôir¡e, À!Ín, AWc = weight increments of an individual

of a particular stage

D€, Drr, Dc = time of development or duration of each

stage 4

From a series of sample coll-ections ' the growth

increment of a staqe or series of stages was calculated as

the increase in mean individual weight over that time

period. This was next multiplied by numerical abundance

of that stage or stages for that period to obtain an esti-

mate of productivity for that period. Annual productivity

is the summation of productivity for each cohort. Although

productivity estimates using this approach may include mem-

bers of more than one cohort (Vüinberg L97La) , productivity

of q. Þ. thomasi in west Blue Lake was estimated for each

cohort. Consequently, separate growth curves tAoWl \^/ere

determined for each cohort which involved a subjective
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separation of cohorts. Vlinberg (197la) also describes a

graphicat method to obtain cohort productivity by plotting

mean individual- weights, daily growth increments and

abundance.

The instantaneous growth method of productivity was

initiatly developed for use in fish production (Ricker L946,

Chapman 1968) but also has been considered for the estima-

tion of invertebrate productivity (Waters L977). Allen

(1951) has extended the formula to a graphical representa-

tion commonly referred to as the "Allen curve". In its

simplest form, the instantaneous growth method is the pro-

duct of the instantaneous rate of growth and mean biomass:

P=GB-

where

P = productivity for a given period of time in

weight units

Ç = instantaneous qrowth rate for the time period

F = mean standing stock or bi-omass during the time

period in weight units

For application to an invertebrate population, the cohorts

must be identif iable (Vrlaters L977 ) . For this reason, the

method does i-nvolve a subjective separation of the cohort.

However, this problem of subjectivity is inherent in analy-

zlng al-l- multivol-tine populatiorr", and has been noted by

several investigators (Rigl-er and Cooley I974, Comita L972,

Swift and Hammer L979, Carter L974 and others) "
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For D. b . thomasi in West Blue Lake, Chapman pro-
ductivity rdas determined as fof l_ows:

Based on the popuration structure of D. b. thomasi
cohorts \,üere first defined. For each cohort, biomass (c)

was determined for each time period by multiplying stage
abundance (N) by the stage biomass (measured in carbon).
This biomass was next divided by the total number of -inc1i-
viduals (a]l stages) found during that period, resulting in
a mean carbon content of individual-s in that cohort (for
example week 1).

I2
i.e. c=l (cs.Ne)

sl €. N=

where

S = l_ife history stage I to 12

N = numerical_ abundance

C = standing crop or biomass in carbon units
The mean carbon content of individual-s (¡tg ind-r)

multiplied by the number of individuars in that cohort wir_I
yield a biomass estimate for that cohort.

This procedure \,ras repeated for al" next sampring
period (week 2). rnstantaneous growth rate was next carcu-
lated by taking the natural rogarithm of the mean carbon
val-ue of individuar-s in week one (cr), substracting it from
the natural logarJ-thm of the mean carbon val_ue in the same

cohort in week two (cz¡ , and dividing by the sampling period
t (1 week or 7 days).

This procedure was repeated for each sampring perì_od.
Mean biomass was next calcurated between the sampling periods
by summing the biomasses of weeks one and two, and dividing
by two. This \^/as repeated for each sampling date and re-
sulted in a series of mean biomasses (B). productívity



SAMPLE CALCULATION OF CHAPMAN PRODUCTION

Date

May 2s 663 7 45

Numerical
abundance

(no . ind. m

3t 492 226

B iomas s
of totaL

populat ion
_')

(rngCm ")

533 .7 24

s02 .7 s6

s97.043

Biomass of
average ind

-2,(ugcm )

Produc t iv ity
-? -1(mgCm "day ^)

24 .87 s

49.000

B

(mgCn
1-L

518.259

s49.899

1nB G

(dai 1y)

0.048

0.089

2
))

0.801 --0 .22L

0 .928 -0.075

T.2T2 0.192

È
co

I

28 541 718
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(P, weekl-y) is the product of the instantaneous growth rate
(G) and the mean biomass. Productivity (i.e. P = C.B) was

determined for each cohort, with cohort totals yielding

annual productivity.

Mean lake productivity (both Chapman and Russian

approaéhes) were determined based on predicted populatj-on

estimates for the mean depth of the lake (section 3), and

on growth rate data supplied from stations 2 (spring, summer)

and 5 (falt, winter) over a comparable time period. In

these estimates, growth from stations 2 and 5 were assumed.

to be representative of the lake, supported in pages

of the Population Dynamics section

A comparison was made in productivity (mg C m-2 dry-l)
(Russian method calculated) between estimates derived from

the growth of only one cohort and the natural popul_ation. It

\^ras reasoned that if estimates were similar it may be possible

to predict productivity for multivoltj-ne populations over the

spring-sunmer season (May to August) based on only one

growth curve. Cohort 2 was selected for the one cohort esti-

mates since development occurred during the spring and summer

period.

L2 " Data analysis

Data collected from stations 2'(spring, summer and

5 (fall, winter) were used for life history analysis, cohort

timingo abundanee trends, mortality and growth" Comparison

of productivity derived from one cohort compared to that of
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the natural popul-ation (apptied growth) was also made using

these data. Stage contribution to total productívity and

an analysis of vertical migration data \^/ere also made from

station 2 collections. Data collection from all four stations

(2, 3,4 and 5) were used to estimate mean lake abundance,

mean lake biomass and productivity, and population turnover

rates " A comparison of productivity between Chapman and

Russian methods was made using both stations 2 and 5, and

mean lake (4 station) data.
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RESULTS

1. Life History and Vertical Distribution
Life history

The Diacyclops bicuspidatus thomasi population i-n
West Blue Lake is multivol-tine and consists of three cohorts

(Fígure 2) . Cohort separation hras based on the percentage

of gravid females in the population (Table 2) as well as

the occurrences and abundances of early naupliar stages

Eigure 2). High percentages of gravid females in I972 and

L974 qenerally occurred in three major pulses which v/ere

closely followed by large numbers of early nauplii. It is

noteworthy that the percentage of gravid females in I97 4

was consistently higher than in L972 (at }east double) for

each cohort.

Times of occurrence and duration of each cohort is

given in Table 3. Cohort duration in L973 was not estj-mated

because the sampling method did not quantitatively sample

all life history stages (Tabl-e 1).

Cohort I which began approximateJ-y the 2Oth of

February in L972 (eggs present), and January 28 in 1974,

had developmental times of approximately 108 and 136 days,

respectj-ve1y (Tab1e 3). Although cohort 1 duration could

not be accurately defined in L973, it also begian sometime in

January (presence of eggs, and early naupliar stages).

During mid-June of each year, there was a sharp decline in

numbers of copepodid stage 4 (Figure 2) . The abundance of
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Population structure

thomasi in West Blue

of Diacyclops bicuspidatus

Lake L97 2, L97 3 , L97 4.



coioRr I

5
I t¡¡

coil()ff r !cotoßl I coÍo{T ¡

00

NI

N¡

c¡

c¡

Cr l1

ct

¡0

cotro8r I
ll

n¡

--r-.-1,-'-
À¡

----+-
¡
I

,__-*_
I

co8(ì( f r
cl)iloR r r co¡()x I I

I
I
I
I
I
I

I
I
I
I
I
I

Ç-r

u
htll{tr-

t

+

ù

ì't-

-ì-
I
I
t

t
¡

I
t
t

Ê

3

ô

ô
a

o

tå
i

I
I

I

(
l¡

I3¡o I
I

--r-l

cì
t
I _r+¡ __ I¡

I
I
II

t

c¡
t
t
I

Éxo or^P^ust

----_.ì-'-T-so*

cr 150

I
t
tì

I

t
I
I

,f

f_ 1. r-l-

1... 'o
.,'-- l,--- -r--

f^ra

_t
._, -l-_ oo

@
@â
v
o



TabLe 2. Peïcentage of gravid females, and adult female abundance tn 1972 and L974 (statíon 2, 5 data).

r972 L97 4

% Females
gravid

eggs present
eggs present

Cohort
nunber

Numerical
abundance

(# fenales n
% Females

gravid
Cohort
number

Numerical
abr.rndance

(# females mDate

May L6/74
22
25

I2
15
1B
2I
L5
25
2B

JuIy 2

23
Z6
29

-?-) -)")

May

June

1
2

Augus

Date

20
27

July 3
11

October 14
December 14
January 27/73
February 20
March 24

June

15. 5
20 "2
6.7
1.0
0
0
0
2.5
1.ó
7.2
s.4
8.5

25.3
0
0
0
0
0

2B

31
2

4
.7

9

4
7

T4
19

L7 /72
24
30

6
13

B

5

r1
B

15
29

C2

C3

53927
90958
97 027
73167
47 srs
47 479
3r2A4
27825
rs7 s7
r9sB5
13913
TOB27
r2033

7 448
7 534
1517
627 s
189ó
2793
6137

20.
45.
42"
39.
37.
)'7

25.
B.

??

4.
0
7.
0
B.
0
5.
0
5.
0.
1.

42.
31.
20"
27.

2T483
61961
40617
35342
s66s1
32963
r6343
17033
16ss0
13309
169ó4
10413

6689
TILz.3

B 500
487 0
427 6

I6861
L7r02
1s035

9034
r9792
30480
15793

(¡
UJ

I

5

2

7

4
5

ó
0
1
2

0

I

t

0

0
6
9
4
9
I
I

C2

C3

C1



Table 2. Continued.

t97 4

% Females
gravid

39.4
20.4

Cohort
number

Nunerical
abundance

(# fenales mDate

August 2

ó
9

16
23

September 2

October 19
December
Jarruary 2

February
April 3

)-L

)

16
0/7 s
19

0
0

36.9
0
0
0

12.7
9.5
0

C1

9103
s77 6

2TT92
r0621,
19r03

1793
414

38997
34963
2s343

Lrì

,Þ

I



Table 3

Year 0ccurrence

r97 2

Times of occurrence and duration
during L912 and L974.

Cohort I
Development

( days )

of cohorts of Di-acyclops bicuspidatus thomasi

Cohort 2

0ccurrence

Spr ing - summer

May-July

Spring- summer

May - July

Deve l oprnent
(day s )

63

62

Cohort 3

Occurrence

Summer -winter

July- December

Summer - wint er

July-December

Deve lopnent
( days )

138

rl0

Winter - spr ing

February- June

Winter- spring

January- June

108

156

(Jl
(tl
I

r97 4
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this stage remained l-ow throughout the sulnmer until October

when there was a sudden increase in numbers. These abun-

dance increases during L972 and I974 were approximately 24

and 11.6 times respectiveJ-y, greater than numbers recorded

at the previous sampling' date. These data indicate that

copepodid stage 4 was leaving the water col-umn, entering

the profundal sediments in mid-June' and returning to the

water column in October. Additional evidence of diapause

was available from the multiple corer data (Figure 3). The

corer sanples irdicated that copepodid stage 4 was present j¡r the sedi-

ment frorn late June to October durilg both 1974 and 1975. Prior to

diapause, there were large concentrations of this stage in the water

coh¡nn (floc) directly above the mud. Cope@id stage 4 nmbers were

estjmated as high as 864 ird. L I. Dia¡nuse was observed at only stations

3 (2OmI 4 (7-&n), ard 5 (I7m) -

cohort 2 began approximately May 7 in L912, sometime

in May in L973 and May 16 in L974 and ended in late JuIy for

each year (Figure 2) . Developmental times of this cohort

were estimated at approximately 63 days in 1912 and 62 days

in Ig14 (Table 3). This cohort was par:t'j-cularly definable.

on May 23, rg7 4, approximately I x I05 eggs m-2 were

estimated.

Cohort 3 started approximately July 3 in L912' some-

time in JuIy in L973 and July 4 in L974 and extended

t.hroughout the winter period. The derze.l.opment of copepodid

stage 4 within this cohorL coincided with the emergence of

the copepodid stage 4 from cohort 1 comi-ng' out of diapause

(F igure 2, " Duration of cohort 3 was ap¡:roximately 138 days
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in L972 and flO days in L974 (Table 3). Cohort 3 was less

disti-nct or defined than either cohorts I and 2 because of

the high degree of stage overlapping. Adults reproduced in

January in both 1972 and L973, and in mid-February in L974.

Comparisons were made on the fecundity of Diacyclops

Þ. thomasi between cohorts in L97 4, and for cohort 2 tn

L972 and L974. Mean adult female size varied significantly

among cohorts in l-974 (ANOVA 12,78 = 5.L, p(0.05) with

largest individuals recorded in the winter. Differences

were also noted in the mean clutch sizes (no eggs/? ) for

each cohort (Table 4) . In L97 4, cohort 2 (spring) had statis-

tically the highest mean cl-utch size followed by cohorts 3

(summer) and l(winter, F2,59 = L39, p(0.01) . Clutch sj-ze

afso varied for cohort 2 females between L912 and L974

(Table 4) . Results of an analysis of variance indicated

that cohort 2 females in L97 4 had, on average , L2.3 more eggs

than females belonging to the same cohort in L972. In

addition to higher clutch size, there was a higher percent

composition of gravid females in the population in Ig7 4 than

in L97 2 (Table 2) .

Egg size (diameter) also varied considerably amongi

cohorts in L97 4 (Table 4) " The largest eggs were found in

the winter (cohort I), and the smallest in the spring (cohort

2) . All- three cohorts \dere compared with respect to mean

egg size using an analysis of variance procedure. Results of

the ANOVA and follow up multiple range test indicated that

cohort I had the largest eggs, followed by cohorts 3 and 2

(F2,30= 478 ' p(0.01) .



F.igure 3 Presence or

thomasi in

5B

absence of Diacyclops bicuspidatus

the sediments (copepodid stage 4) .
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Egg size also varj-ed from cohort 2 between L97 2 and

Lg7 4 (Table 4) . Results of an analysis of variance indi-

cated that cohort 2 females in L97 4 had smaller sized eggs

than the same cohort in L972 (8 - ,22 = IL2, p(0.01).

An inspection of the L97 2 and L97 4 egg data showed

an inverse relationship between clr-rtch size anrl eqg cliameter

(Table 4) . Mean clutch volumes derived from these data

varied only slightly among cohorts. During L97 4, clutch

volume ranged from O.g7 **3 x LO-2 for cohort I to l.3I
'2. -)mm'x LO-¿ for cohort 2. The clutch vofume of cohort 2 in

1974 was slightly higher than for the same cohort in 1972.

Data were also colfected on the cal0rific content of

sefected life hj-story stages at various times of the year

(Table 5). Calorific content of Diacyclops b . thomasi varied

considerably, with highest values recorded during the winter

and early spring and l-owest val-ues found during the summer.

Estimates ranged from approximately 4639 ca1 g-t in the late

June to approximately 8200 cal g-l in Apri1. This variable

seasonal- calorific content was unrelated to differences

associated with different life history stages. For example,

in August, when nauplii constituted approximately 652 of

the total- numbers, the calorif ic contenr- was only 4846 cal

-'tg-t. However, in February and April, a simil-ar composition

of naupliar stages yielded a calorific content over 6000

-1-Ical q '. In December, when nauplii constituted less than

l% of the total numbers, the calorific content was stii-I
-'t604I cal q



Table 4

Cohort

1

I97 4 (winter)

Z

( spr ing)

3
( summer)

2

1972 (spring)

Fecundity, gravid female size, egg diarneter and mean clutch volumes for
spring, iú*ñ"r and w"inter cohorté-in Ig74 and the spring cohort in L972x

Fema 1 e
# eggs/females].ze

(u)

26.2L ! L.43

52.00 r 3.11

33.32 t I.70

39.70 ! 2.30

Egg diameter
(u)

89.10 i 0.58

78.37 t 0.37

83.67 I 0.36

81.71 t 0.36

Mean clutch volume
a -?(mn" x 10 ")

0 .97

1.31

t.02

1.13

1315
+ (? B

Oì()L292
t 52.8

r240
r 38.8

* Values shown are means accompanied by 95% confidence intervals.
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Table 5. Mean calorific content of Diacyclops bi-cuspidatus
thomasi recorded during L97 4-5.

Dat e

Stages
pres ent

Pe rcent
conposition

Mean
calorific
content

- 1.[ca]. g )

Conf idenc e
intervals

(es%)

lvlay 22

June 7

June 25

July L4

August 9

Oct " 19

Dec. 16

Feb. 19

N1-N6

C1-C6

N1-N6

C1-C6

Nl-N6

C1-C6

N1_N6

cl-c6

N1-N6

C1-C6

N1-N6

C4

C5-C6

N1-N6

C1-C4

C5-C6

N1-N6

C1-C6

N1-N6

C5-C6

29 .8

70.2

54.6

45 .4

43 .4

s6.ó

59 .2

40.8

64. B

35 .2

22 .8

55.6

r0 .2

0.6

8.5

90.9

75.3

24 .7

B6 .7

13 .3

617 7

5571

4639

467 0

48 46

5542

6041

7 016

744.5

340.2

15s.9

158.8

344.0

542.2

224 .3

April 3
8200
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The high calorific contents in late fall and winter

also cannot be totalJ-y attributed to egg production - Eggs

vrere only present in high abundances during May, August and

February. High calorific levels \¡ùere probably related to

the presence of fat globules which vrere observed in the

body cavities during the f all and winter periods " 'r'hese

globules had a reddish color in both nauplii and copepodid

stages.

Vertical distribution
vertical distribution patterns from May to August of

dominant stages of Diac clo s bicuspidatus thomasi are des-

cribed. A listing of the depths selected by a1l stages of

q" Þ" thqmgs:L is given in Appendix G.

(i) May 28'29

On May 2B-2g, there was no significant indj-cation

of stage migration over the 24 h sampling period (Figure

4). The lake water temperatures were almost isothermal on

these dates, ranging from approximately 4 to 6oc (Figure 5).

Particulate carbon distribution in the water column was

generally highest in the upper 12 m with a peak of approximately

-'t660 mg C L-r occurring at 7 m (Figure 6). Values less than

-1375 mg C L ' were noted below L7 m. Naupliar stages were

distributed fairly uniformly throughout the water column

with most individuals found in the upper 10 m of water (Figure

4). Copepodid stage 6 distributj-on over the 24 h period
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Vertical distribution

thomasj- on May 28-29,

number of individuals

of Diacyclops bicus idatus

L97 4. (N refers to the
2.perm )"
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Figure 5
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Temperature profiles in West Blue Lake

during L97 4.
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Figure Particulate

Lake during

6
,

6s

carbon profiles in West Blue

1974.
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Figure 7
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Vertical distribution
thomasi on June 1I-I2,
number of individuals

of Diacyclops bicuspidatus

r97 4.
2per m

(N refers to the
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varied more than the other copepodid stages, and showed a

slight indication of a reversed migration pattern. Other

copepodid stages showed no consistent pattern but v/ere

generally positioned in the upper 15 to 20 m of the water

column.

(ii) June Il--L2

On June LL-L2, the lake was beginning to stratify

with a thermocl-ine occurring at approximately 3 meters

(Figure 5). Particulate carbon levels were l-ower than

those recorded in May, and ranged from approximately 250 mg

C L-l- at L7 m to 400 m9 C L-l at L2 m (Figure 6). Similar

to the May sampling period, copepodid stage 6 was the only

copepodid stage exhibiting some form of a migration pattern

(Figure 7). The distributions of naupliar stages hlere more

uniform in the water column than during late May (Figures

4, 7). Similar vertical distribution patterns were noted

for copepodid stage 2 for both months. In contrast, howeve.r,

noticeable differences \^/ere observed in the distributions

of copepodid stages 4 and 6. On June 1l-12, there were

obvious reductions in the numbers of these stages present

in the upper three meters of the water column where they

!úere quite abundant in May. This observation was al-so

noted for copepodid stages 3 and 5 (Appendix G). Several

nauplii and copepodid stages were more abundant in June

than in May at the 30 m depth where oxygen l-evels were less
-'tthan 4 mg L - (Figures l, 8).



Figure 8 Oxygen

during

68

profiles in lVest Blue Lake

L974.
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Figure 9

69

Vertical distributi-on

thomasi on July L9'20,

number of individuals

of Diacyclops bicuspidatus

r97 4.
2.perm)

(N refers to the
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(iii) JuIy L9-20

on July Ig-20, the thermocline was firmly established

at a depth of approximately 5.0 m (Figure 5). Temperatures

ranged from approximatety 4.3oC at 30 m to z¡.goc at the

surface. Highest particulate carbon levels (450 mg c L-])

were ¡ecoIdecl just below the thermoclinc ('l Ir¡ Figure 6).

Simil-ar to patterns recorded in May and June, most Stages

showed little evidence of migration throughout the water

column (Figure 9). The only noticeable exception was at

0200 at the surface where numbers of all stages v/ere

generally higher than at any other time of the 24 h cycle.

This suggests that some sort of migration may be occurring

in the upper few metres of the water column.

Overall in JuJ-y, siqnificantly fewer naupJ-ii were

reported in the upper five metres of water compared to

numbers recorded in June and particularly, I4ay. This was

especially evident for naupliar stage 1 which was rareÌy

observed above the thermocline. Similarly, copepodid stages

4 , 5 and 6 were generally absent near the surface. Notice-

able exceptions \^/ere copepodid stages 2 and 3 which were

generally observed in the upper 10 m of the water column.

All_ copepodid stages, especially c6, were col-l-ected at 30 m

where oxygen levels were less than I mg L-l (Figure 8)'
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(iv) August L6-L7

on August I6-L7, the establj-shed thermocline had

begun to sink and occurred at approxi-mately the 7-9 m

depths (Figure 5). Highest particulate carbon estj-mates

occurred near the thermocl-ine (465 mg C L-1, Figure 6)

wibh l-owesL values found aL 25 m. Similar Lo Lhe July

pattern, the dominant naupÌiar stages, especially naupliar

stage L, were generally absent or found in fow abundances

above the thermoctj-ne (Figure I0) . luioreover, late copepodid

stages (especially copepodid stage 6) were almost entlrely

absent in waters above the thermocl-ine. Similar to patterns

found in the earlier months (May-July), copepodid stage 2

v¡as generalfy distributed in the upper 10-15 m of the water

column" Copepodid stage 6 was still recorded in large num-

bers near the lake bottom where oxygen Ievels h/ere minimal

(Figure B) .

(v) Summary May-August

The median depth bel-ow which 50% of the population was

l-ocated in the water column (i.e. depth-weighted mean), was

calculated for each stage over the monitoring period (Figure

fl). Copepodid stage 6 was the only stage showing signs of

a migration pattern (July, Figure 9). For each sampling date,

the depth-weighted mean o.f each life history stage varied

with the development of the metalimnion (Figure fI). In May,

before the thermocline was established, most stages were
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Figure I0. Vertical distribution of

thomasi on August 16'17,

number of individuals Per m

Diacyclops bicuspidatus

L97 4. (N refers to the
2
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Figure 11" Average median dePth of

Diacyclops bicuspidatus

Iife history

thomasi over

between May

stages of

a 24 hour

28 andperiod

August

on four occasions,

L7 , L97 4.
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recorded at approximately the same mean depth over the entire

24 h period. However, as the thermocline gradually d.eveloPed,

there was a tendency for successive naupliar stages beginning

with NI to be found higher in the water column especially

during July and August. In contrast, successive copepodid

stages, beginning with C2, selected the deeper cle¡rths where

water temperature !{as progressively cooler. On average, the

median depths below which 50å of the population were Iocated

occurred below the thermocline (exception copepodid stage

C]). In August, when the thermocline began to sink, these

mean depths tended to be even lower than in the corresponding

July period.

Analysis of variance (one-way) was used to compare

the depth weighted means of each stage among the four samp-

ling periods (Table 6). The distribution of each stage varied

significantly between the May to August period (significant

F-tests). The multiple range tests indicated that, generally'

most stages were recorded higher in the water column in May

than in any other month. The only exceptions were copepodid

stages 1 - 3 which sel-ected their highest positíon in the water

column in JuIy. Overall, most stages preferred the deeper

depths during the months of JuIy and Augtust. As indicated

earlier, these preferences appeared to be related to the de-

velopment and positioning of the thermocl-ine.



Table G
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Analysis of variance statistics and multiple
range test (S.N.K.) comparing the mean depths
of life history stage over the May to August
sampling period.

Stage d.f F-test
Multiple Range Test

(lowest * highest depth)

N1 3,4L 38.7x
lvf

9 .5'
,I

L4 .2
Jy

19.1
A

19 .2

N2
M
9 1

J
13.8

A
17 .4

Jy
18.9

N3 3,35 14.6*
M
9 2

Jy
\3.3

J
14 .4

A
14.5

N4 3 ,4I 6. B*
M

10.7
A

14. I
J

14.2
Jy

14 .7

N5 3,4r 19.4*
M
9 5

J
13. 6

Jy
13 .7

A
14 .6

N6 3,42 15-.6*
M

10.4
J

12.6
A

15.9
Jy

15.4

C1 3,4r 12.6*
Jy T,T

10.8
J

7L.2
A

t"\ .77.4

C2 3 ,4r 20 .4x
Jy
70

M
10.9

J
12 .7.

A
L2. B

C3 3 ,4I 8.6*
M

LL .7
Jy

TI"7
J

12 .7
A

16.3

C4 3,4r 15.8*
M

12"0
J

16 .4
,TV

r7 .2
A

20.r

C5 3 ,4r Z7 .3x
M

I2.L
J

16 .2
,Iv

18.9
A

2s .0

c6 3,4r 26.8*
M

10.6
J
7 5

Jy
20 .6

A
22 .2

* P'0. 05
I Month2 Depth (m)
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2. Population dynamics

Sampling variability

Sampling variability was estimated from the four

24 h vertical migration collectj-ons taken at station 2 in

May (n = 7), June (n = 13), July (n = 13) and August (n = 13).

Each sampÌe set was analyzed as a replicate to determine

sampling error (Table 7 ) . With the exception of the June

sampling period, sampling variability was less than 202 over

the other collection periods. On the June date, sampling

variability was approximately 392.

Table 7 Sampling variability estimated from the vertical
migration collectj-ons, May 28-29 to August L6-L7

Date

May
2B*29

June
r1- t2

JuIy
19-20

August
T6-L7

Number of
Replicates

Mean abundance
(No. Inð,./m2)

Per Cent
Variability

S.D. (x)

7

13

I3

t3 207 ,7 08

87 B ,937 r2'7 ,07 7 L4.4

495 ,846 L92,532 38.8

233,L84 29,3L7 L2.6

31,890 15.3
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Mean lake estimates

Population estj-mates, extrapolated. from short term

regression equations relating abundance and station depth,

were calculated for the mean depth of the lake (11.3 m) for

both L972 and L974 (rable B). This procedure is merely a

metirod for obtalni¡rg årr estiltate <-¡f rnean abundance and should

not be considered to have great theoretical importance.

Correlation coefficients ranged from .90 to .99 for both

years. Estimated monthly mean population estimates (adjusted

means from regression) were higher in t.974 than in 1972,

especially in May and June (Tab1e B ) " The largest popu-

l-ations were recorded in May for both years (f .41- x IO5

ind.m-2 in rg7z, 2.r x 105 ind.m-2 in rgi4) whereas lowest

estimates occurred in late summer (Lg72 3.8 x 104 ind.m-2

August B-15, and. .:g74 - :.e * I04 ind.m-2 July 28-29).

Confidence limits (952) associated with each mean were high,

particularly in L974. Levels ranged from 13.4 to 48.5% of

the mean for the L972 estimates, and from 39.7% to over l-00U

for the L974 estimates"

The seasonal mean population (May-August) in both

years was expressed as a relationship relating abundance to

station depth (Figure L2) " Based on these eguations, the

predicted Lg7 4 mean lake (11 . 3 m) populati-on (I27 3 07 ind . m-2 )

\^/as approximaLely 2.2 times larger than the L972 mean lake

population (57 236 in¿.m-2).



Table g. Mean lake abundance estimates during 1972 and I974.

T97 2

Date
Predi cted
Abundance

_,)
[no. lncl. m )

r4r20'2

I0s7 97

67389

41889

37758

60397

C.I.
(es%)

167 23

47 IB6

90s1

20327

7869

14502

L97 4

Predicted
Abundance

Ino. ind. m-

TCt617 7

140345

1327 0s

6786s

37709

4 463r

45300

C.I.
(es%)

98173

T637 4B

r0rs47

870s9

44844

71006

17730

2
Date

lvlay 22

June 4

June LI-25

July 2-L6

July 28-29

August 9-16

August Z0-29

)

May 17 -30

June 13-27

July 3- 11

July 1B-25

August B- 15

August 22-29

r-l

oo
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One station estimate

A comparison of abundance of Diac clo S bicuspidatus

thomasi between L972 and t974 was also expressed for station

2 d.ata (Figure 13 ) , which was assumed to be representative

of the lake. Throughout the spring and summer periods (May-

September), total- numbers of D. Þ. thomasi at station 2 in

L97 4 were approximately doubl-e those in L97 2. Estimates

of the seasonal- mean population (May-August) based on the

regression equation relating abundance to station depth

suggested similar differences in abundance between the two

years (Figure L2). Maximum abundances (irrespective of

cohort) were recorded in l-ate May in rgi4 (r.0 x 106 ind.m-2

and j-n early June in i-g72 (0.5 x 106 ind.m-2, Figure 13).

Lowest abundances. occurred in August for both years ( "77 x

105 índ.m-2 in rg72, and 1.59 x 105 ind.m-2 tn Lg74). The

nauplii and copepodid stages revealed similar patterns, and

estimates in L97 2 were approximately half those in I97 4

(Figure 13). Throughout the sampting period, nauplii com-

prised over 4OZ of the total numbers during both L972 and

r97 4.

Abundance estimates in L97 4 based on the mean depth

of the lake and for station 2 were compared (Figure 14).

Generally, both estimates showed similar trends over the

sampling period, with maximum numbers recorded in May

decreasing to the lowest values in August. Abundance esti-

mates of station 2 were approximately four times greater

than mean lake estimates f or the same ti-me period " A



BO

Figure 72. Seasonal average abundance estimates for stations

of different dePths.
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Figure 13. Densities of biacvclops bicuspidatus thomasi

recordecl at station 2 in L972 and I974-

A. Total abundance comparison between 1-972

and I97 4.

B. Nauplii abundance comparison betl{een

1972 and 7974

C. Copepod abundance comparison between

L972 and I974.
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three fold difference woul-d be expected solely on depth

differences (i.e. station 2 - 30 m, mean lake - ll.3 m),

if the vertical- distribution was uniform from the surface

to the bottom. However, the vertical distribution data

does not show this trend (Figure 11).

Cohort abundances

Abundance trends of Diacyclops bicuspidatus thomasi

at four stations during L97 4 were similar, showing noticeable

abundance peaks in May, June and August (Figure 15). These

data suggest that these peaks represent the presence of

different cohorts. Similar trends occurred in L972 data

(Appendix C). A detailed analysis of cohort abund.ances during

1972 and ]-974 based on station 2 (spring, summer) and 5 (Fal],

winter) data is shown in Figure 16. Although cohort abun-

dances have been higher at station 2 than aL other stations,

it was suspected that timing and occurrences of cohorts at

station 2 would be representative of the total population.

Cohort 2 was the dominant cohort developing duri-ng the

spring and sunmer periods, and made up approximately 45 and

522 of the total numbers during L972 and L974, respectively

(Figure f6). Cohort I was the next most abundant one' and

constituted approximately 35ä. in L912 and 322 in L974 of

total numbers. Cohort 3 was the smallest cohort, which

during the ice-free season made up less than 15% of the

total numbers during both years.



Figure L4.

B3

Comparison of seasonal abundance estimates

between station Z and the mean for the lake

derived from the depth-abundance regression

during I97 4.
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Figure 15. Abundance

thomasi at

Diacyc lops bicuspidatus

84

trends of

stations 2, 3 4 and 5 during :.-97 4.
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Figure 16. Cohort abundance comparisons of Diacy c lops

bicuspidatus, thomasi between L972 and I974.
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Occurrence and frequency of stages

The Ig74 data are discussed before the l-972 data

since it is based on a more intensive sampling program.

Wit.h the exception of station 3 in August, dominant life

hj-story stages vlere similar in percent occurrence for al-I

stations at each sampling date in L97 4 (Table 9 ) . For

example, in May, copedid stagie 2 was the dominant stage

comprising 36.2 (st. 2) , 36.7 (st. 3) , 24 -9 (st. 4) and

38.7 (st. 5) percent of the total numbers at all- statj-ons.

Similarly, nauplius stage I was the dominant naupliar stage

among the stations, making up approximately 10.4? at sta-

tion 2,20.6% at station 3,23.I% at station 4, and 14.42

at station 5.

On June 4', nauplius stage 4 and copepodid stage 4

were the dominant stages at each station. In mid-June, all

stations were domj-nated by naupliar stage 5 or 6, and

copepodid stage I. In early JuIy, nauplius staqe 6 was

domj-nant comprising 25.6, 30.3, 20.6 and 31.6% of the total

numbers at stations 2, 3, 4 and 5 respectively. Similarl-y'

copepodid stage 2 was the major copepodid stage among the

stations, making up 16.0% at station 2,18.3? at station 3,

25.4å at station 4, and 11.3% at station 5.

In August Lgl4, naupliar stages comprised over 68%

of the total- numbers at all stations. However, differences

were noted in copepodid distribution among stations especi-

ally at station 4. copepodi-d stages 5 and 6 constituted

only a small percentage of total numbers at station 4



Percentage contribution of lif
stations Z, 3, 4 and 5 during

istory stages to total numbers for
4.

Life history staqe

4 36.2
9 36.7
0 24.9
0 38. 7

c 35.3
0 37.2
6 25.0
7 43.5

Table 9

r97 4

May 22

June 4

August 9
6

13
I3

L7 .s 12.7
Ts.2 10.6
6.9 6.7

10.0 11.4

0 16.4
7 7.3
5 l-4.7
0 36.5

6.
11.
L2.

9 10.3
I 22.3
4 26.8
4 12.3

eh
197

Station N1 N2 N3 N4 N5 Nó Cl C2 C3 C4 C5 Có

oq
6.0
4.7
9.5

1.9
2.4
2.3
r.7

3
9
5

B

8.3
7.3
4.4
6.8

3.7
4.r
3.0
J.0

4.9
3.2
0.1
r.2

))
7.r
3.3
5.3

4.0
2.6
6.2
3. B

2.4
3"3
3"9
1a

3.5
3.3
3.6
4.3

3.5
12.0
4.5
B.ó

4 25.6 8.4 16.0
7 30.3 4"8 18.3
4 20 .6 L4 .7 25.4
3 31.6 6"9 11.5

8.7
5.6
5.5
7.5

11.
11.

B.
r'2.

7.L
?. .4
4.L
4.5

3"6
0.1
?tr

2.9

r"7
0
2.6
1"5

10. 5

4.7
9.4
8.7

3.5
2.3
7'7

s.6

5.7
5.6
2.7
4.5

5.0
4.3
6.2
7.3

11. B

5.2
8.1
7.3

15
11

9
7

)l'

4.2
2.L

AL
4.6
5.6
4.5

4.5
3.3
2.4
3.7

3.4
3.5
3.1
0.1

7.
B.
q

11.

2.3
2.0
2.0') ')

z9
23
33
19

.1

.9
7

.9

3.4
1.8
2.r
L.4

1"8
L"7
4.0
1.9

3.0
0.9
2.L
I,2

2.6
1.1
2.7
1.8

7.0
7.2

18. 5

16.2

3.8
3.4
5"1
3.0

5.1
4"8
3.4
2.7

1.9
3.2
J"4
1.6

1.4
??
2"4
1" 5

1.0
L.7
2"r
0.9

1B
2S
18
1B

10.4
2A .6
23.r
L4 .4

6"6
l-0. 5

r2 .2
6.4

2

3
4
5

2

3
4
5

2

3
4
5

2

3
4
5

2

3
4
5

I

oo
--¡

B

3

4
4

7.7 19.s
5.2 14.7
8"9 26.8
4.1 15.5

9.9
14.1
L2.B
7.5

7 "9
T4"4
6.2
4.5

B.
10.

6.
q

5.6
6.9
5.2
4-r

eunJ

July 2

3
2

2

14.0
7.r
1.ó

L7 .6

5..6
5.?
3.0
2.7

3

7

5

3

2

4
4
110
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Percentage contribution of lif
stations 2, 3, 4 and 5 during

istory stages to total nunbers for
?

eh
r97

Life history staqe
c2_Station Nl NZ N3 N4 N5 N6 Cl C3 C4 C5 Có

11. 3
8.1

11. 5

10.9
20.r
24.7

5.0
6.s

16.
10.

1 ?? ?

3 2r.7

13. 1
9.6

2L.L
34.L

B 25.0
6 33.1
I 27.0

24 .1
7 -9

?7
2.9

4.6
4.7

13.0 27.1
10.9 38. 1

12 .3
13.0

8.3
7.4

2.6
0.3

4.8
3.4
5.2

0.6
r.2

L.7
0.6

?q
3.4
4.1

2.4
1.9

5.4
I.'l -'

3.3
3.0

2.3
1.8

1.E
2.L

1.9
2.4

May 17

May 30

June 20

27

July 18

25

17 "6
19. 9

l-L.4
17 .7

30. 5

25 .I
4.0
7.0

?q
1.8

6.3
8.6

12.
L4.
10.

0.9
2.6

3.8
2.8

4.7
4.0

9"4
6.4
4.4

7.0
9.9

7.3
ó.9

0
1.3

6.3
4"4
7. .6

0.6
1.9

9"0
8.3

7"2
1.8

3"7
3.5
2.0

5.2
7.r

2.9
2.9

3.5
3"6
3.0

2.3
2.6

August Zz

7. .0
r.7

2

5

2

4

3

2

4
5

3

2

4
5

4
5

2

3

I

@
co

I

1.0 r.7 3.6 7.5 28.r 14.2 2.4 1.3 18.B 2.0 19.4

3.2
3.2

18.9
28 .9

4.8
4.9

7.5
6.7

4.0
5.6

7.3
6.3

13.9 30.0
14.9 38.8

4.5
5.3

2"9
3.1

8.2
7q

')') o

2.t

0.5
2.8

3.2
1E

0

0
0

5.2 3"1 5.6 7.4 1s.3 27.s 2.7 3.7 9.9 5.9 3.9 1r.6

10.4
13.0
15.6

IZ .6
5.4

19.3

5.0
4.5
5.0

3.6
4.5
4.7

10.
3

7

1

2.6
3.4

29
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(C5 0.lU, C6 L.6Z) but made significantly greater

contributj-ons at the other stations. Copepodid stage 6 was

afso noted to be low in abundance at station 4 relative to

the other stations.

Similar life history stage contributions were also

found among stations from May to August in I97 2 (Table f0 ) .

On May L7, naupliar stages I and 6 were the domínant naup-

Iiar stages at stations 2 and 5. Naupliar stage 3 made up

approximately lB and 20e" of the total- numbers at stations 2

and 4 respectively on May 30. Tn late JuIy (18-25), naupliar

staqe 6 was the dominant staqe, comprising 25.0, 27.5, 33.I

and 27.0% of the total numbers at stations 2,3,4 and 5

respectively. Copepodid stages 3 and 6 were the dominant

copepodid stages recorded at each station in late July.

Similar to the l-974 data, differences were noted among'

stations in late copepodid stage distribution during late

Augrust.

Generally, these stage frequency data suggest that

development of life history stages was similar among stations,

and that stations 2 and 5 may be representative of the lake.

3. Mortal-ity Estj-mates

Instantaneous mortality

fnstantaneous mortality estimates were calculated

from cohort abundances during L972 and L974 (Figure L7) "

These $/ere determined by relating, using linear regression
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Figure L7. Instantaneous rate of decline of

Diacyclops bicuspidatus thomasi

2 and 3 during L9'72 and 1974.

numbers of

in cohorts I,
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procedures, the natural- logarithm of abundance estimates

to time of sampling. Mortality was estimated for each

cohort for both years. Estimates were also determined prior

to diapause in cohort 1 and following the exo-diapause

period in cohort 3 "

Generally, Diacyclops bicuspidatus thomasi mortality
was highest for the spring cohort (1) whereas lowest morta-

lity occurred for the winter segment of cohort 3 (Table l_1,

Figure 17 ) " Tnstantaneous mortality rates (Ð ranged from

.050 (L972) and .056 (I974) in cohort I to .015 (I972) and

. 016 (I97 4 ) in cohort 3 . Analysis of covariance (Ho : B j-=o )

v¡as used to compare mortality rates in cohort I before and

after diapause in L97 4. No statistj-ca1Iy significant diff-

erence was noted suggesting that significant additional

copepodid mortalit.y did not occur during this period.

Mortality probably proceeded at the same ratio since 'before'
and 'after' slopes were similar. Mortality rates were also

similar between cohorts 1 and 2 in both years.



Table 1I.

92

Instantaneous mortality rates (2.) and regression
equations calculated for each cohort of
DiacycÌops bicuspidatus thomasi in 1972 and L974
(descending limb) .

Cohort Equation Correl-ation
coefficients

L972 CI
C2
C3 (winter)

ln N=l2 .24L-.0507
ln N=L2.375-.0407
In N=11 .7 B4-. 0l-57

.050

.040
" 015

-"79
- "92
-. 88

*

L97 4 Cl

c1

C2
C3

(before
diapause )
(af ter
diapause)

(winter )

.0s3

.056

.054

.0r6

ln N=13 .469-.0537

N=l1.488-.0567

N=l-3 .332-.0547
N=l-2.040-.0167

-.91-

-. B0

-. 98
-.95

1n

1n
In

p . l0 probability statement associated with r

4. Growth

Growth (length) factor

The ratio of length of one instar to that of the

previous instar t oy growth factor, varied among stages when

both metasomal and total- length h¡ere measured (Figure 18 ) .

Highest growth factors were obtained for the early copepo-

did stages (Cl, C2) for the metasomal measurements, whereas

nauplius stage 6 showed the highest growth factor for

measurements based on total length. Small growth incre-

ments of less than l. 3 were noted for all other stages

based on the total length measurement data"
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Figure 18. The ratio of the mean length of each instar

to the mean length of the previous one (growth

ratio) for all ]j-fe history stages of

bicuspidatus thomasi.

Diacyclops
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Length-weight relationships

Length-weight curves v/ere

bicuspidatus thomasi (Tab1e L2) .

calculated
Data were

for Diacy c lops

transformed

IN

logar-

theithmically to obtain a functional linear relationship

form:

IogeW=lc.rgeA+B

where W = weight in carbon or nitrogen units

A - length (metasomal length, total length)

B - slope

The slopes of the total length-weight regressions expressed

in carbon and nitrogen units were I.66 and 1.88, respec-

tively" The metasomal length-weight relationships showed

slightly higher slopes z 2.L for carbon and 2.4 for nitrogen.

o

Developmental times

Developmental times were calculated for each stage

or combined stages by determining the time in days between

peaks of successive stages (Table I3). This technique was

only attempted when peaks were well defined for particular

stages. In cases where peaks of stages were poorly defined,

development was determined for several stages combined.

During both L972 and L974, cohort 2 h,ad the shortest

development of all cohorts, taking approximately 63 days in

L972 and 62 days in :-974 (Table f:). Nauplii and copepo-

dids developed quickly during the spring and summer periods.

Cohort 3 had the longest development in 1972 (138 days),



Table 12. Length-weight relationships for Diacyclops bicuspidatus thomasi

Measurement
(mm)

Total length

Me tas oma I
length

&
p<0.05

Intercept (a) Slope (b) r' d.f. Intercept (a) Slope (b) r d.f

s16

1.524

Carbon
(ue)

1. 66

2.r0

.99* 6

.98* 6

N itro g en
Iu s)

1.88

2 .40

.98'Å 5

.99* 5

. 7 50

397

(O

ul



Table 13 " Developmental tines
L912 and L9i4.

calculatecl for Diacycl-ops bicuspi datus thomasi during

197 2

Devclopnrcntal tinc (days)
\97 4

Deve Ioprnental tinrc (days )
S tage Cohort 1

55.0

25.0

Cohort Z Coi'rort 3

13.b

ó5.0

9.0

Cohort 1

28.s

Colrort 2 Coirort 3

10.6

56.9

N1
ì\l')rt ¿

N3

N4

N5

N6

C1

c,2

a<

L¿+

l-(

C6

I
b

i

I
t)

(c)

6',J]
-\j 14 .'2

4.5
2.6
5.0
3.0
5.8

12.0
10.0
10.4

1Á

7a

63.3

31.0
34. s

1.ó
2.3
5.0
lAJ.+

3.1
5.5
1=

72 .6
16.9

ó.0
L4 .4
ó.9
6.9 50.3

5.0
3.3
4.5
8.4

17 .0
3.6

135. B

32 .0
11.076

62 .3

]

Total 108.4 I37 .9 110.5
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whereas cohort I took the longest to develop in 1974 (136

days) . Stow cohort development in cohorts I and 3 was

attributed to a slow rate of nauplj-i and copepodid growth

during the winter period.

Growth rates

Growth increments f$l r"r. cal-culated for cohorts

I and 2 using both length-carbon and stage developmental

data. This was done using linear regression procedure, by

developing a. regression of the carbon increment of a par-

ticular stage on development times of that stage. Cal-cula-

ted regression equations for cohorts I and 2 in L972 and

l-97 4 as follows:

1972 Cohort I lnD - In 2"949 C - L3"464 r =.94 6 d"f .

Cohort 2 lnD = In L.290 C - 5.550 r =.90 9 d.f.

L974 Cohort I 1nD = ln 2.098 C 10.517 r =.80 B d.f.
Cohort 2 lnD = In 0.986 C - 4.306 r ="89 9 d.f.

where D = development time, C = weight i-n carbon.

In both years, cohort I had a higher exponent growth

equation than cohort 2, suggestj-ng that it developed at a

faster rate. Generally, the growth exponents of both

cohorts 1 and 2 were slightly higher in L972 than in L974¡

but this was not shown statistieally beeause of the few

degrees of freedom. Because of few data points, growth

equations were not derived for cohort 3 in either L9'7 2 or

r97 4.

In addition to describing growth for the entire co-

hort, qrowth was also estimated for both naupliar and cope-



9B

podid components within cohorts 1, 2 and 3 (Table L4, Figure

le).
Generally, growth of both nauplii and copepodid

stages were slightly higher in 1972 than in L97 4. Naupliar

absolute growth proceeded more slowly than copepodid growth

for each cohort, developing at rates of.006 and.004 g C

-1 -'lday ' in L972, and .001 and .005 g day ' in 1974. Cope-

podid growth during the spring in cohort I was rapid in

each year, proceeding at a rate of approximately .045 g C

-l --ìday - in 1972 and .043 g C day -r- in L974. Similar to

cohort L, cohort 2 copepodid growth was also deveì_oping in

late spring and early summer at a rate of .0BB g C day-f

in Lg72 and .047 g C day-I in Lg74. Because of few data

points, it was difficult to estimate growth rates for cohort

3 nauplii of both years. Cohort 3 copepodids gre\d con-

siderably slower than those of either cohorts I or 2. A

slower growth rate was primarily related to devel-opment in

the fa11 and winter perj-ods where water temperatures \dere

considerably lower. Cohort 3 growth in L974 v/as slightly

higher than estimated in L972.

Instantaneous growth rates

Instantaneous growth rates \^/ere calculated for each

cohort during I972 and. 1974 (Figure 20) . In both years

highest growth occurred during spring and summer periods

and lowest during the autumn and the winter. Growth in

cohort 2 (spring-summer) was the fastest in both years,

averaging approximatety .050 g C m-2day-l and "048 q C



Table 14

Year

I97 2

L97 4

Intercept, slope, and correlation
equations relating weight (in carb
of naupliar and copepodid stages o

I ntercep t

coefficient (r) of regression
on) and developnent (in days)
f Diacyclops bicuspidatus thomasi

d. f T value prob.Slope (AC)
(rre C/day)

1A nauplii*
18 copepodids

2A nauplii
2B copepodids

3 copepodids

1A nauplii
1B copepodids

2A nauplii
2B copepodids

3 copepodicls

- .r7 s

-5.698

.036

- .7 35

.327

.00ó

.04s

.004

. OBB

. 013

.024

.238

.039

- .L64

-.001

2

4

5

3

2

. Bó

.99

.98

. B6

.96

.96

.97

.99

.94

.93

p<.05

p<.05

p<.05

p<.05

p<.05

p <.05

p<.05

p <.05

p <.05

p <.05

LO
\o

.001

.043

.005

.047

.018

3

4

5

3

2

* includes estimate of copepodid stage 1 data point.



Figure

100

19. Growth rates of DiacYclops bicuspidatus thomasi

in L972 and L974.

A. Naupliar growth

B. Copepodid growth
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Figure 20 " Instantaneous

bicuspidatus

101

growth rates of

thomasi in 1972

Diacyclops

and L97 4.
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-.) -.l-1 ! ¡m -day - in L972 and L974, respectively. Cohort 3 (summer-

autumn-winter) growth was the slowest, averaqing approxi-

mately .ol9 g c m-2day-l in Lg72 and .024 g c m-2day-l in

L974. Growth in cohort I (winter-spring) averaged approxi-

mately .032 g c m-2day-l in Lg72 and .026 g c m-2day-I in

I97 4. Similar to that found in the relative growth rate

data (Table L4), growth in L972 was slightly higher (aver-

age) than in L974 (Figure 20). Generally, growth rate pat-

terns for each cohort in both years \dere simil-ar to cohort

abundance estimates described earlier (Figure Ie) "

5 " Productivity and Biomass

Data from a -single station (station 2 spring, summer;

station 5 autumn, winter) were used to compare Chapman and

ussian methods of estimating productivity. One station

data were also used to compare productivity estimates based

on a single growth curve to that of the natural popul-ation.

The contribution of life history stage to total- productivity

\^/as also determined from single station data.

Data coll-ected for all four stations (stations 2, 3, 4

and 5) were used to estima-te mean lake productivity (both

Chapman and Russian) and biomass, and population turnover rates



r03

One station estimates

(i) Comparison between Russian and Ricker-Chapman

estimates.

Productivity, estimated using both Russian and.

Ricker-Chapman methods on station 2 (spring, sunmer) and

5 (autumn, winter) data, showed sirnilar ru<;nthry trends in
L972 and L974 (Table 1S). In both years, highest produc-

tivity occurred in l-ate May or earry June, whereas lowest

estimates occurred during the winter period. Annuar pro-
ductivity (g c * 2) varied by approximatery 30% between

both methods in Lg72 (Russj-an 1.34 g c ^-2; Rj-cker-chapman
_')

.9f g C m ') and less than 10? in Ig74 (Russian 3.32.g C

^-2, Ricker-Chapman 3.61 g C m-2). productivity in Lgl4

was approximately 2.7 times using the Russi-an method and

3.6 times using the Ricker-Chapman method, hj-gher than

estimates in L972"

(ii) Comparison of productivity based on growth from

one cohort (cohort 2) and the natural population
(applied growth, cohorts l, 2 and/or 3) "

A comparj-son was made j-n productivÍty (mg C m 'Uur-t ,

Russian method calculated) between estimates derived from

the growth of only one cohort (cohort 2) and the natural
population (cohorts I, 2 and/or 3, Table 16.). Results

indicated, that using cohort 2 over-estimated productivity
(May to August) by approximately 292 in I9j2 (cohort 2 -

-)1"03 g C m-¿, cohorts 1, 2, 3 - .73 g C m-2), and. under-

estimated productivity by approximatery r2z in Lg7 4 (cohort



Table 15. Estinates of statíons 2 and 5 productivity estimates using the Russian and
Ricker-Chaprnan methods during 1-972 and I974"

L97 2 197 4

Russian
-')(mg C m 'day

Ricker - Chapman
-) -1(nrgCn'day')

Russian
.>

-L-
[rng u m day

Ricker - Chapman

(mg c n- 2 òur- tMonth

May

June

July

Augus t

0ctober

December

February

March-Aprí1

It{ean monthly
(rng c ^-2aãy-I)

Annual . 1

lgum y )

-1 -1
) ) )

9. 81

6.5ó

5 .32

2.2L

3.06

0.35

7"20

0.90

3 .67

r.34

5. 03

6.7r

3 .93

r .02

2 .6s

0.51"

0. 00

0.01s

2.46

0.91

39.68

19.5ó

10.52

3. ó8

2 .35

1"65

0.95

0.98

9.90

3.61

37.73

10.40

11.69

3. 59

2 .33

4.9s

r.96

0.05

9.09

s.32

P
O
rÞ
I



Table I6. Comparison of productivity
and the natural population

estimates based on growth from cohort Z

(applied growth) during I972 and L974.

L97 2

T97 4

Month

May

June

JulLy

Augus t

lvlay

June

July

Augus t

Product ivity
(natural population)', _L

mg C m 'duy

Productivity
1 (cohort 2)
grorvth curve
mg c n-zdur-t

r2.89

11.96

s. 84

2.78

Di fference
mg c m-'uu,-1

9.81

ó. só

5 .32

2 .2r

-3.08

-s.40

-0.52

-0.57

39. ó8

19.36

10. 52

3.86

24.77

23 .85

11. 54

4.45

14.91

-4.49

-L .02

-0.59

Fo(¡
I
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^2- 1.99 gCm-2, cohorts L,2,3 - 2.26g C*-2). Major

differences between estimates in both years occurred. in May

and June. During these months, cohort r contributed more

than cohort 2 to total productivity (L97 4) . These data in-
dicate that one cohort developing during the sprj-ng-summer

period varies l-ess than 30? in estimating productivity (May-

August) even though the popul-ation may be multivoltine.
These results may not be significant when one considers that
the confidence intervals on the popul-ation estimates can

exceed this value (Tabl-e 9 ) . If the autumn and winter
periods are incl-uded it is expected that these differences
would become greater.

(iii) Stage productivity

stage contribution to total productivity, determined

by the Russian method, in rg72 and L9i4 varied with each

nnhnr{- ¡nr{ l.ral-t.raan - ¡/mâta1^ I?\ T* ^^L^--! r r----i!v¡¡v!u q¡¡u vçLvr€Ërl yed'!Þ \rctrJ-Le Ll ). IIi ÇonOrE. I Ciüfj-ng

both years, naupriar stages (N1-N5) made up r-ess than 3z of
total production. In L972, the dominant stages in this
cohort \4/ere copepodid stages 4 and 5. rn contrast, in rgj 4

copepodid stages 2 and 4 contributed the most to total pro-
ductivity. rn total, these stages contributed approximately

73 and 61u to total cohort I productivity in L972 and L974,

respectively. cohort 1 made over 60% of annual productivity

in both years. In cohort 2, nauplius 6 made up a high per-

centage of total- production, approximately 24.L2 in Lgi2

and 3I.3? in L974. The other naupliar stages (N1-N5) con-
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tributed less than 188 to total production during both

years. In L972 and L974 cohort 2 comprised approximately

2BZ and 33C of total- annual productivity, respectively. In

cohort 3 in L972, copepodid stage 4 made up 33.9 of total_

production. In L974 in cohort 3, copepodid stage 5 contri-

buted the most to total productivity (24.6). Total naup-

liar production (N1-N5) made up approximately 22.6 and 35.14

of total productivity during L972 and L974, respectively.

However, cohort 3 made up less than 9so of annual producti-

vity in both years (Table 17 ) .

Mean lake estimate

(i) Mean lake productivity and biomass

Mean lake productivity estimates (mg C m 2auy-1)

v/ere calculated from the depth-abundance regression using

the mean depth of the lake to obtain an estimate of produc-

tivity appl.icable to the whole lake. Mean lake productivity
(11.3 m) was calculated using both increment summation

(Russian) and instantaneous growth rates (Ricker-Chapman)

for the May to August period (Figure 2L). During both L972

and L97 4, highest productivity est j:nated wit.h both methods

occurred during June and July in L972, and May and June in

1g7 4. Lowest productivity was estimated in late August in

both years using both.methods. Productivity estimated over

the May to August period in 1972 was .23 g C m-2 (1.15 kcal-

*-2) and .18 g C ^'2 using Russian and Ricker-Chapman

methods, respectively. fn L974, productivity estimates

were .43 g m-2 (2.42 kcal ^-2) using the Russian method
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Figure 2L. Seasonal distribution of productivity and

bionass for the mean depth of West Blue Lake.
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-2and.23g Cm using the instantaneous growth method. Pro-

ductivity in 1974 was approximately 1.9 times using the

Russian method, and 1.3 times using the Ricker-Chapman

method, higher than estimates in I972.

Bj-omass, estimated for the mean depth of the lake,

was based on mean population data (Table B ) . Highest mean

lake estimates occurred in May and June (1972 135.9 mg C

-') -)fir -, L974 128.3 mg C m ") and were lowest j-n August (L972

1g.4 mg C m-2; Lg74 2I.6 mg C *-2). Biomass estimated

over the May to August period was 6.98 g C m 2 in L97Z and
_)7.53gCm-inL974.

(ii) Population turnover rates

Daily turnover rates 
"r å ratios cal-cul-ated. using

Russj-an and Ricker-Chapman productivity estimates averaged

.033 and .026 in Lgl2 and .057 and .031 in Lgl4, respec-

tively. These ratios correspond to a turnover time tll of'p

approximately 30 and 38 days in 1972, and l8 and 32 days in

L97 4 using Russian and Ricker-Chapman productivity esti-

mates, respectively.



DISCUSSION

Life History

Life histories of most copepods may be characterj-zed as

univol-tine or multivol-tine, the l-atter consj-sting of two or

more generations. In West BIue Lake, Diacyclops bicuspidatus

thomasi is multivoltine with three cohorts annually in L972,

L973 and l-974. Similarly, Armitage and Tash (1967), and Hawkins

and Evans (L979) reported three cohorts of this species in a

temperate lake. In colder Lake Superior, Selgeby's (L975) data

suggests only two cohorts. Similarly, Peacock's (L982) data

suggests at least twó cohorts developing in P1acid Lake, B.C.

McQueen (1969) noted only a univoltine populatj-on of D. b.

thomasi in Marion Lake, B.c. However, Marion Lake is a temperate

lake with an extremely high flushing rate (HalI and Hyatt 1974) ,

which makes it difficult for continuously reproducing populations

to occur. Moore (f980) also reported a univoltine population of

P. Þ. thomasi in Yel-lowknife Bay, a subarctic lake. Generally,

nost tenperate ljrn-retic crcpepods har¡e mul-tivoltine populations (Aflan and

CÐulden 1980) , the nurber of oohorts ranging from tr,vro to six depending on the

trophic state of the lake (Elg:nork 1959, Conita 1972, CooIey 1973, Rigler and

Cooley L974, George L976t Mclaren 1978, Paguette and Pinel-Alloul 1982, and

otJ:ers) . Still, univoltine populations of slcn^¡ grcrvring individuals have beer¡

reported for sone s¡:ecies (e.9. Carter L969, S\,/ift and Hanrrer 1979) in tenperate

Iakes ¡¡ùrich r,'¡ere eitlrer low in productivity or highly sal,ine. A sernir¡oltine

population (2 year life tr-istory) has also been observed for sone calanoid species

in tenperate lalces (Carter et al 1984) .

Cohort separation of D" Þ. thomasi in lrlest Bl-ue Lake

is somewhat subjective. This was especially evident when

defining the cohorts where continuous over:lapping of stages

1r1



1972, Winberg et al_. 1972, peacock

the life cycle of copepods neglect
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occurred' This probl-em is inhe:ænt for all multirzoltine ¡npulations, and

nn:ltir¡cl-tj¡re ¡rcpurations cn¡rnot be analyzed without sone subjesb.irre tlsat-
nent of data (corniLa 1972, sw-ift and Hanrrer 1979, Rigler and cool_ey L974,

Carter 1974, Paquette and Pj¡ret-Al-loul- 1982, Rigler and Dorn¡nin9, j¡ prress) .

subjectivity is especially severe in sr:b-tropical- and tropical populations

v¡t¡ere extrene mul-tir¡oltism leads to a conplete over-lapping of generations
(Allanson and Hart Lg75t Burgis Ig74).

As noted for other mul-tivoltine species (Aflan and Coulden 1980,

Paqlette and PineL-Alloul t9B2) , D. b. tlronasi in west Bl-ue Lal<e generally

overwinters as late copepodj_d or adult stagesr UnfortunaLely,

Andronikova et aI.
and others) studying

period resulting in a

many investigators .(Alimov et al-.

loss of valuable inforrnation conærning trre s¡recies. rn trrlest Bl_ue

Lake, winter reproclucL.io. occurs, which combined with the
spring reproduction cohor:t, make up the famir-iar ,,spri-ng

l^1^^,-tt --l^r -ìûioorn' i,/nicrr is characteristic of many copepodid species
(Hutchinson 196j, Allan and Goul-den f 9B0).

Diapause of D. b. thomasi in west Blue Lake is an
important part of the r-ife cycre. The fourth copepodid stage
of cohort 1 enters diapause in the spring and remains in the
profundal sediments unt.ir the falr. rt is assumed that this
emerqence coinci-des with the development of copepodid stage 4

of cohort 3 in the planktonic zone. copepodid stage 4 from.
cohort l- could not be distinguished from the same staqe in
cohor:t 3. The contribution of this stage from the sedi_ment to
the Ì¿rke population is noL known. The intent of sampring

1972,

1982

this
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the sediment was to look for presence and absence. No growth

is assumed for copepodid stage 4 during the period of diapause.

Diapause in D. Þ. thomasi has been reported by other ínvestigators

(Birge and Juday 1908, It4core 1939, Col-e 1953, McQr:een 1969, Armitage and Tash

L967, Peacocl< I9B2). Still, other investigators who have studied

P. Þ. thomasi have not reported diapause as part of its life

cycle (Selgeby L975, It{oore 1980) . fn these l-atter studies, it is

probable that this species does not diapause because of the low

sufirmer temperatures encountered. The arrestment of the fourth

and/or fifth copepodid sl,age species has also'Ì-¡een observed for

other cyclopoid spe'cies (Fryer and Smyly Ig54, Elgmork 1g5g,

VJatson ang Smallman I91L, George 1976, Elgmork t980, Paquette

and Pinel--A1loul J-982) . Although diapause is most frequently

observed in copepodid stages 4 and 5, it also has been noted to

occur in other instars (lllgmork 1980) .

Generally, many rnvestictators have shown that cyclo-

poids enter diapause as a response to unfavourable environ-

mental conditionsr €.9. Iow temperatures, lack of oxygen or

simply ponds drying up (Ìllgmork 1959, Aflan and Goulden 1980).

Watson and Smallman (L91 L) indicate that diapause is an

"individual physiological response" which occurs after an

animal encounters unpleasant environmental conditions.

Furthermore, Elgmork (f980) states that diapause leads to a

prolonqation of the life cycle giving the species some repro-

ductive advantage comp.rred to animafs inhabiting the planktonic

zone. By terminating di.rpause in the fall, D. Þ. thomasi in

West Bl-ue Lake may take advantage of the phenological niche
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during that period before other menù:ers of the zooplarkton conmunity

appear in sufficient nunbers as com¡rctitors. It is notevvicrthy that termi-

nation of diapause is synchronized with the developnent of copepodid stage

4 in the planÌ<tonic zone. This stage develops into adults in the winter

and conn'nences reproduction initiating the winter cohort. Nitssen (1980)

suggests that individr:als reviving frcrn diapause also have nore energy

avail-able for l-ater reproduction ccm¡rared to the coknrt remaining in ttre

plankton" This was not verified in this str-dy since calorific deter-

rninations were not done on animals collected from the sediments. In

addition, Elgmork (f980) suggests that an increase in fecurdity and sur-

vival- may occur resulting from a "chilU-ng effect" from diapause. Mclaren

(1963, L974) has indicated for several cope@s th,at survival varies in-
versely with temperature, with increased survival at the lower temperatures.

An increased survival of q. Þ. thomasi in West Blue Lake nny a]so occur,

since irdivíduals may have a refuge frcrn fish predators by remaining in
the sediment.

Several environmental factors are probabty invol-ved for inducj-ng

and terminating di,apause of D. b. thonasi j¡r west Blue rake. Both day-

length arrd temperature are generally considered key environmental cues for
irrducíng and terminating diapause (Watson and Smallman J:g7l-, George 1976).

In addition, other factors such as o>{/gen concentration may be important

for diapause to occur. Most of the evidence of D. b. thonrasi extrìbiting

diapause in tr{est Blue Lake ccmes from station 5 which is 17 m in dept}r.

Diapause was also observed at stations 3 (20 m) and 4 (7-B m). Although

animals were present above the sediment, they were net observed to dia-
pause at station 2 (3 0 m) where o>q/gen l-evels were below I ng/f during
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the sunrer nonths. It is possible that copepodid stage 4 individr:a1s

rrcved laterally to sedi¡rents where olq/gen ler¡e1s were rrnre far¡or:rable for

diapause. Similarly, Lysad< (L976) observed that Chaoborus flavicans did

not becone benthic at this station.

Reproducbion of Dj-aqlcl-ops bicuspidatrs thqnasi in hlest BI:e lake

occurs i¡r each season except autr¡rn wittr highest fesrndity (no. eggs/Q ) ú
thre spring. Similarly, Selgeby (1975), Arrnltage and Tash (L967) reporbed

highest cl-utctr size of P. Þ. thornas_i in tlre spring. Cenerally, nost multi-

r¡oltj¡e copepod populations have highest fecundity in the spring (Rarrera

1955, Elgnork 1959, Ceorge 1976, Allan and C;ou]-den 1980, Paquette and Pinel-

Alloul- 1982 and others) , *t* seems to be highl-y dependent on food (phyto-

plarkton levels) (Smyly L973, Vijverberg f9B0). Simi]arly, Peacod< (1982) re-

porbed a higher cl-utch size for P. Þ. thcrnasi in e>rperinental enclosr:res w'ith

i¡tcreased fertilization. In West Bh:e Lake during 1972 and 1974, food levels

as neasured by particulate carbon levels \,vere gerìerally higher in the spring

(ltlard and Robinson 1974, preserìt study). Ãn j¡creased abundance of rotifers
t¡lt¡ich are fed tæ by P. Þ. thonasi was also noticed in the spring. lvl¡ore (1980)

re¡rcrted that fecr-r"rdity of D. b. thomasi in a subarctic lalce was related to

daylength.

An inr¡erse relationship was for:nd betr,reen egg dianeter and fenale

fecu'rdity for D. b. thcrnasi j¡r West BIue Lake. Although only 26.3 eggs ind:l
r,vere produced in the winter of I.974, they contai¡ed alnost as nnrch nìass as

the spring clutcJr of 52.0 eggs ina-I (ta¡te ¿). Sirnilarly , Czeczuga (1960),

and Oooney and Cehrs (1980) noted th-is relationship for ser¡eral q¿clopoid

and cal-anoid species" Hutchj¡rson (1961), and mcre reæntly Nilssen (1980) ,

suggested that tl-is variation in egg nurber and dianeter may be an adaptive

advantage j¡r tife hi-story strategy" Fer,rer larger natplii (NI) hatching from
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eggs in tlre w'inter ¡:eriod rnay reguire less food, and coul-d rnaintaj¡r a higher

sr.:rvir¡orship than nì¡¡ny, snnller ones (Nf). In adötion, these large nar-plii

nay also develop and thus mature uore rapidly than snnll-er nar.:plii (Cooney

and Cehrs 1980) . The large clutch size in thre spring gives tlre population

of D. b. thomasi in West Bh:e Iake tLre advantage of intrcduci¡rg additional

ITelrbers to feed on the abundant food leve1s during tlnt period. fhis would

tend to make the ¡npulation rcre ænpetitj-ve.

Calorific content of D. b. thomasi- in West Blue Lake

varied seasonally with highest values recorded during the

winter period (Table 5). Simil.irly, schindler et al. (r971)

reported highest caiorifjc estj-mates of this species j-n the

winter months in northeastern ontario lakes. fn west Bl-ue

Lake, snow (r91 2) noted that calorific content of Daphnia

pulicaria may exceed 10,000 cal/g in late winter. However, this
value is probably over-estj-mated since it would indicate that
D . pulicaria is composed primarily of 1ipíds (Winberg l97Ia).
High winter calorific contents of crustacean zooplankton have

been attributed to an accumulation of long chain polyunsaturated

fatty acids in phosphotipids (Farkas 1970). This winter in-
crease in fat content usually precedes the production of eggs

(Schindler et al. I97I, Snow L912). fn West BIue Lake, high
winter cal-orific content of Diacycl ops bicus idatus thomasi

\^/as noted prior to and during the reproductive period. Energy

available could be channelled into egg production. However,

this was not observed prior to reproduction in the sunmer

period. other factors such as animar size may be a factor.
Adult female size was significantly larger in winter than in
summer. rt is possible that large numbers of copepodid 4 that



LI7

merged from diapause may have contributed additionally to a

total higher calorific content.

Calorific content of life history stages of q. Þ.

productivity est j-mates. As notedthomasi can seriousl y affect

above, calorific content does vary significantly seasonally

for q. Þ. thomasi, ranging from approximately 46 39 caI/g

June 25 to approximately 8200 car/g on April 3. productivity

estimates expressed in cal-ories woul-d be expected to differ

between these samplinq dates even though productivity when

based on a gram weight Ì:asis may show simirar resul-ts. rt is
noteworthy that many investigators expressing productivity in
calorific terms have erroneously converted. gram weight estimates

to cal-ories using simple conversion statistics (e.g. r gm dry

wt. zooplankton = 6000 car, Alimov et al. L972, And.ronikova

et al. I9l2).

Vertical Distribution

Diacyclops bicus idatus thomasi showed no strong diel
migration patterns in west Blue Lake. only copepodid stages

5 and 6 (adult) showed slight nocturnal migration in June and

July. However, this migration \^/as of small amplitude where

temperature ranges wel:e small. pennak (L944) also reported
that D. b . thomasi did not migrate to a large extent in
Colorado l-akes.

fn West Blue Lake, the positioning of the stage or
the depths selected by individual stages is probabry an

important popuJ-ation str:ategy. seasonal- temperature condi-
tions appear to regultrte to some extent the mean depth selected



IIB

by each stage. During almost isothermal condiLions in I'(ay,

most life history stages were found at similar depths, with

.nauprii situated slightry higher in the water column than cope-

podid stages. As thermal stratification in the lake was estab-

lished, marked (mean) stage depth preference occurred with the

older copepodid stages selecting the deeper depths. Eggs hatched

in the deep, cool hypotimnion and deveJ-oping naupriar stages pre-

ferred the warmer, shalrower depths. Although stage sel-ection

or preference has been suggested or observed tlr several marine

copepod species (Marshal-l and Orr 1972, Mclaren L969) , few re-
searchers have noted this phenomenon for freshwater cyclopoids
(Langford 1938) . In this study it is assumed that all individuals
of the populatj-on of D. b. thomasi have the same genetic composi-

tion and that differences in stage selection are not related to
differences in genotypes (Weider 1984).

The absence of strong diel vertical mj-gration., and the

depth preferences selected by individual- l-ife history stages,

especially the l-ater copepodid stages, obviousJ-y influences its
productivity. With the exception of a few stages (e.g. Cl, C3),

there is no evidence suggesting that stages migrate toward the

htarmer, upper waters where the increase in food and temperature

would probably result in increased growth. At these shallower

depths, one would also expect increased mortality due to predation.

However, the situation in West Bl-ue Lake is generally different.
During periods of thermal- stratification older copepodid stages

sel-ect the deeper, cooler depths where large size and increased

fecundity can be achieved since both variabl-es are inversely
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rerated to temperature (Mclaren L974, vijverberg 19B0). At these

depths, predation pressure is also probabty low. rn west Blue

Lake, youT-of-the-year perch, which feed on adult copepods, are
generally not recorded below 15 m (Henderson 1976) . Chaoborus

are arso in low abundance during this period (Lysack 1976). rn
the hypolimnion, egg survival- is probably high (Lfclaren rg74),
and recently hatched naupliar stages gradually seek out the warmer,

shallower depths. Depth preferences may thus have advantages in
terms of metabol-ic efficiency (Mclaren r974, Enright rg77) and

increased fecundity (Mclaren rg74) , and may also act as a mecha-

nism to avoid predation from visually orienting pJ-anktivores

(Zaret and.suffern 1976, stavn L975, wright et al-. 1980, stich
and Lampert 1981). All these factors influence productivity.

rn west Blue Lake, copepodid stages 1 3 were always

recorded in high abundance near the thermocline (especially in
July) in contrast to most other stages. Food, expressed as parti-
culate carbon was also generally higher near the thermocline.
consequentry, these stages may have an advantage over other
stages of increased growth resulting from higher temperatures
and food concentrations. At the shall-ower depths, these early
copepodid stages (C1-3) may be at a disadvantage because of in-
creased susceptibility to predation during these periods. Still,
in west Blue Lake, young-of-the-year larval fish rarely ingest
these stages (Henderson l-g76). In addition, adult predatory
stages of D. Þ. thomasi and other predaceous zoop]-ankters such as

Chaoborus flavicans vrere rarel y observed in the upper water strata
dtrring ttrese periods. lVright et al. (1980) hai¡e noticed that generally
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srall instar stages or srnall zooplarkters such as Bosmina escape predation

in surface waters because of their srnal_l size.

Vertical distributions of copepodid st-age 5 and adul-t stages are

also probably regn:lated to sone extent by Ievels of oq/gen. During July and

August, tl¡ese stages rarely rære observed or spent only short. tirre periods

near the bottom (30m) where o{1gen ler¡els r^e:e less than I rW/L. Similarly,

l€yers (1980) noted that l-cx¿ o4/gen level-s elicited an r4>-water swinming

nor¡enent for several- cladoceran species. Absenæ of &iapar:se at this station

was also probably related to lor^¡ o>q/gen levels.

Although tLre adaptive strategy of !. Þ. thomasi. in ltbst Bhæ I-ake

may be sonevfiat simil-ar.to that proposed by Mclaren (1963, L974) conærning

zooplanJ<ton migration, there are najor diffe:enæs. In contrast to l,blaren's

ü*tY, q. þ. tlronnsi in West Blue Lake does not ext¡-ibit strong diel verti-
ca1 rnigration. I¡trcl,aren also proposed tJnt aclult fernales rnigrated to the

surfaæ to de¡nsit eggs. In lrlest Blue Lake, eggs hatcLr and begin to derrelop

in tÏ¡e hypolinu:rion, and early naupliar stages begin to nove to tlre r^r¿p:npr,

lpper waters. This nay have evolved as a nechanisn to avoj-d prredation.

Different selective pressures rnay also have been involved to accor:nt

for the depth preferences for selected life history staqes.

Although Daphnia parvula was observed to migrate during strati-
fied conditions in a Georgian rake, this migration was not
found to provide a thermal demographíc advantage to the population
(Orcutt and Porter 1983) .

Depth selection of other dominant zooplankton species

in west Brue Lake may not occur. other dominant zooprankton

species present, such as Daphnia pulicarj-a, exhibit diel
vertical- migration (eett and vJard. 1970) . However, it is
stil-l not known whether these migrations vary with stage or

size class. Henderson (I976) has shown that during daylight
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hours, large q.

whereas small-er

pulicaria prefer the deep hypolimnetic waters

individual-s sefect the warmer, upper layers.

Population Dynamics

Size freguency distributj-on
of Diacyclops bicuspidatus thomasi

or population structure

varied only slightly among

r974,stations throughout the sampling period in both L972 and

suggesting that l-ife history stages develop at simil-ar rates

throughout the l-ake. Differences were noted, ho\,rrever, in

the contributions of l-ate copepodid stages Lspeciatly at

station 4 (B m) during July and August. The vertical dis-

tribution data indicated that these stages (C4, C5, C6) rarely

occurred above 10 m in the water cofumn dur:ing these periods

resurting in their l-ow abundances at this shallow location.

Resul-ts fr:om both the size frequency anaÌysis and

abundance decline data indicates that a deep station such

as station 2 may be representative of the lake. These findings

are significant, especially since estimates of stage develop-

ment, growth, and population characteristics \^/ere made on

animars col-l-ected at station 2 which was assumed to provide

data representative of the whole lake. rt is quite time con-

suming and costly to analyze populations from more than one

site; therefore rnany investigators assune tÌ¡at a single deep station rear

the middle of tlre lake is :ep:resentatirre of the system (Schindler l-97J-,

Carter 1974, Inlard and Robinson 1-974 | Paqr:ette and Pinel-Alloul L9B2) .

rn smalr lake systems such as west Blue Lake, this assumption

may be reasonabl-e. However, in rarge lake systems where signi-
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ficant variations in temperature and trophic condj-tions exist,
information on popuration characteristics must be obtained
from several locations (Patalas Lg6g, patalas and patalas l97B).

To obtain reliabte abundance estimates (especially on

a unit area basis), zooplankton samples must be coll-ected from
severar si-tes even on small lake types such as west Blue Lake.
Large spatial variability in zooplankton abundance exists,
and occurs in most rake systems irrespective of size, trophic
conditions or species present (Tonolfi Lg49, Brad.shaw Lg67,
Patal-as 1969) - rn.west Br-ue Lake, arthough colr-ections of
P. Þ. thomasi at station 2 may accurately describe the popu-
l-ation characteristics of D. Þ. thomasi in the whore lake, they
are not- representative o.[ the mean lake popuJ-ation size.
Linear relati-onships were found between abundance (per unit
area) and station depth. Based on these regression eguations,
station 2 (30 m) abundance estima_tes were noted to be four
fold higher than mean lake (11.3) estimates during both ]g72
and r914. A three fotd d-if ference woul_d be expected solely on
depth if the vertical distributi-on of stages was uniform
throughout the water column. Irowever, the verti_car distri-
bution was not uniform since the mean weighted peaks of most
stages were generalry rocated ber-ow the mean depth of the
]ake (x = 11.3 m, Figure ll). Other researchers have al_so ob_

served refationships between abundance and station depth
(Patalas ancl patalas Ig7B, Ward. 19Bl).
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Highest mean population estimates of Diacycl ops

bicuspidatus thomasi recorded in May are somewhat higher than
those reported for this species in the literature (Table 18).
The sampling program was more intensive for west Bl-ue Lake

than most other rakes (exception, patalas's (1969) estimates
on Lake Ontario). Leach (1913) , studying Lake St. Clair,
neglected to count naupliar stages, probabJ_y resulting in a

gross underestimate of totar popuration size. rn west Blue
Lake cafcurated confidence fimits for mean lake population
estimates of D. b. thomasi were quÍ-te hiqh. Since sampling
precr-sron and variability in abund.ance estimates are rarely
stated in the literature, it is difficult to compare these
results. Hor,rrever, since most zooplankton popr_rfations show a
contagious distributi-on ('ronorl_i 1949, patalas 1969, pataJ_as

and Patalas r978, watson r974), high variabÍlity among popu-

Iation estimates is probably usual_.

Both mean lake popuration estimates and station 2

abundance estimates during rg7 4 were approximately twice as

high as comparabl-e val-ues recorded in Ig12. Abundance dif f er-
ences between years are probably related to the differences in
fecundity and the percentage of gravid femal-es observed between
years. During r974 (spring), female D. Þ. thomasi averaged
r2.3 more eggs than femares in Lg72. Assuming I x 103 gravid
fama.Les ^-2, the rg74 popuration woul-d. recruit r.2 x 104 more

_')nauplii m ' than the rg72 population. T,he percent gravid
femal-es recorcled in each cohort was also at lease twice as high
in 1974 as in L912-



Table tB. Abundance of Diacyclops bicuspidatus thomasi reported in the literature.

Lake

hest jilue Lake

General
pr oduc t ivl ty

oi igo -

me s otrophic
oligo-
mesotrophic

mes o trophi c

mes o troph j- c

eutrophi c

L-l Rr-l O'
-l . 5r10 '

¿,

l- .0xI0 '
(estimated)

A.

1. 6x10 '

n*.

present str-rc11z

Peacock (1982)

Armitage and
Tash (r967)

Leach (1973)

Patalas (19ó9)

Abundance

no. ind. m no. ind. m Sourc e

r97 2

797 4

1.1x10
2.1x10

1.0x10

4 " 0x10

5

5

5

Placid Lake, B.C

State County
Lake, Ka.

Lake St. Clair

Lake Ontario
(Toronto harbour)

+

ts
N)
À,

naupliar stages were excluded in the abundance estimate.
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An increase in fecundity has been shown to be related
to both temperature (Erbourn 1966, Mclaren 1963, vijverberg 19g0,

Mclaren and Corkett 19Bl) , food (Smyly L970, I{inberg Ig7L, Allan
and Goulden 1980, Ir{oore t9B0) , and daylength (Moore l9g0) . In
!{est Bl-ue Lake, temperatures were similar duri_ng both years.

since food preferences of D. Þ. thomasi are not werl known,

it is difficult to relate fecundity to food sources. However,

particulate carbon estimates and rotifer abundances v/ere noted

to be high in the sprinq of 1974. Daylength was generarry

similar between both years

During r972 ánd 1974, total- population instantaneous

mortality rates of D. Þ. thomasi were highest j-n the spring,
and lowest in the winter. similarly, comita (1972) reported
highest mortality in the spring for Mesocyclops edax in
severson Lake, Minnesota. rn Lake superior, sergeby (1975)

observed a lower rate of mortality during and after over-
wintering than in the summer breeding generatj-on. During the

spring of L972 and L974 in west Blue Lake, approximatery 5u of
the total population of cohort 1 died each day. copepodid stages

comprised the majority of this cohort during the sampling period.
High spring mortality rates of D. b. thomasi may be partly attri-
buted to predation. rn west Blue Lake, Henderson (1976), ob-
served that young-of-the-year perca flavescens fed readil y on the

late copepodid stages of copepods during a short period in the

sprlng. Lysack (L976) also reported that the fourth instar of

Chaoborus flavÍcans in gested copepodids during this period. The

preference of chaoborids for D. Þ. thomasi has been well es-

tablished (Peacock I9B2). Predabion by adult D. b. thomasi
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own copepodid stages is also probable. The carni-

behaviour of D. þ. thomasi has been noted

McQueen (I970) and peacock (I982) .

by Anderson

Mort.ality rates of piacyclops bicus idatus thomasi
may be independent of fish or invertebrate predation, and

simply a function of population growth. spring and summer

cohorts woul-d be expected to rise and falr at a faster rate
than winter cohorts irrespective of predation because of
more optimum temperatures and food suppties. For this reason,
time or season can be irnportant in defining mortality rates.
There are numerous óxamples j-n the literature where zooplankton
populations rise and fall- in the absence of predators. For
example, in Black pond in ontario, Kwik and carLer (r975) ob-
served rapid spring growth and dectine of Daphnia in the ab-
sence of fish. rn west Blue Lake, although predation of D. Þ.
thomasi does occur, it may not account for the population de-
-fi----cir-rre ior each cohort. cohorts which had the highest recruit_
ment rate also had the highest mortarity or decÌine.

rt is difficurt to compare these estimated mortality
rates of q. Þ . thomasi wit-h literature values. Many investi-
gators have derived or cafcul-ated zooplankton mortatity
(Edmondson 1960) based on exponential models involving the
birth rate of the species (Halr Lg64, Keen 1973, Keen and

Nassar 198], and others). These modefs assume that art eggs
develop at the same time and generally assume 100u hatching
success. For estimates to be reliabr-e, sampling intervar_s
shoul-d be short rerative to the duration of the anima| s rife-
span (Hil-lbricht-Ifkowska and patalas Lg61) . Ijowever, in
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practice, a short sampling frequency is difficult to achieve

especial-ly if egg development is only two days. rn addition,

the cal-culation 'r' (j-ntrinsic rate of increase) is independent

of the prevailing a!'e structure. A stabre age dj_stribution

is assumed (Deevey 1947 ) with birth and death rates not

varyi-ng in response to the population increase (crowding).

since estimates are essentially derived from birth rate data,

the egg-ratio method is more reriable for species where a

J-arge portion of their development is in the egg or embryonic

stage. Edmond.son . (1960, rgti) developed trris method for
rotifers, a species with a simple life history with most of
the growth occurring in the embryonic stage. Ho\arever, for
cladocerans and especially copepods which have more complex

development, birth rate estimates are much l_ess sensitive to
deviations in the development of juvenile and adurt stages.

The egg-birth ratio should not be used for these groups.

Calculated mortality rates of Diacyclops bicuspidatus

thomasi in West Blue Lake al-so have timitations. The slope,
or ã- (instantaneous mortality rate, Figure r7, Table lf), for
each regression equation is a mean estj-mate over the defined

sampling period tested. However, actual mortality may be

quite variabre, fructuating greatry within the sampling

period. rn addition, these mortality rate estimates are

totally dependent on accurate sampling and cohort separation.
However, âS observed for naupliar stages, ârl under-estimate
of actual abundances can occur resultinq in a biased mortality
rate estimate.
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Growth and Productivity

The study of growth processes involves changes i-n

body length or weight. cal-culated growth factors (G.F.) or
the ratio of the tength of one instar to that of the previous

ones were similar for Diacyclops bj-cus idatus thomasi as has

been reported for other species (Table 19). For each species,
the growth factor was generally below 1.40. For Diacycrops
bicuspidatus and Eudiaptomus vulgaris highest growth factorsT

occurred for nauplius stage 6 foll-owed by copepodid stage 1.

Although measurements for both Diaptomus slcil_oides and D.

oregonensrs rnvofved only metasomal lengths, resul-ts also
j-ndicated that highest c¡rowth .rrso occurred for copepodid

stage l. rn copepods, the development of nauprius stage 6

to copepodid stage I is a major transition where significant
growth occurs.

Length-weight exponents ranged from 1.5 for Lepto-
diaptomus (cooley r9l3) to 2.98 for vari-ous copepod species
(Pearre t980, Table 20). Estj_mates for D. Þ. thomasi in V,/est

Blue Lake varied from r.1 to r.9 in carbon units, and from

2.L to 2.4 in nitrogen units. These estimates are similar
to values reported by Vijverberg .and Frank (1976) for several
cyclopoi-d species (Table 20). According to winberg (r97r) ,

when geometric proportions of the copepod body are not altered,
then the length-weight exponent of most aquatic animals shoul-d

approximate 3.0. However, for copepods, this cubic reration-
ship may not hold, because, in the transition from nauplius
stage 6 to copepodid stage r, a rong urosome deverops. This



Table 19. Growth (length)
n to instar n-1

factor (G. F.) or ratio
for several species of

of length of instar
copepods.

Author

Stage Gurney 1933
Conita and

Tommerdahl 1960
Comi ta
McNe 1 t

and
I97 6

Diapt omus
oregonens is b

1.13
1 ?O

1.3ó
1.09
1 17
L. LJ

*1.03
*1.28
*1.18
XI.17
*1.18
*1.19

Pre s ent
s tudy

Dia c1o c

1CU S rdatus
omas

Eud ia tomus Diaptomus
vu1 garls si-ciloides

1.16
7 .24
1. 16

I.T4
r .17

*1.04

^1.JJ

*T.22
*1.19
x1.19
*1.13

* metasomal lengths.

I.17
1. 09

1.25
1. 15

1.15
1.40
r.33
1 ?O

r.29
r.25
1.19

7.24
1.17
1.11
1.16
r .72

1.69
7 .25
1.18
7.2I
1. 09

7 .20

N1

r.t?

N5

N4

N5

N6

C1

C2

C3

C4

C5

ts
t\)
\o
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urosome may comprise as much

copepods as in the casìe of D

ponents calculated for D. b.

as 402 of the total length of

b. thomasi. Length-weight ex-

thomasi \,úere higher based on

metasomaÌ length measure)ments than on total length for both

carbon and nitrogen units. rt is noteworthy that cyclopoids

have a larger metasomal/urosomal width ratio than calanoids
(Pearre t9B0) which suggests that their length-weight ex-

ponent should be somewhat fower than one derived for calanoids.
Accurate length-weight exponents are,important because

they are used ín cglculations of biomass and productivity;

however,varues range widery in the literature. cooley's (l_973)

data on Leptodiaptonnrs sholred approxinratellz only a 25x increase in lrcight

from egg to adult. In contrast, Klekowski and Shushkina (L966) ,

and Pearre (t980) report over a 400x increase from egg to
adult, sixteen times hiclher than the value reported by coorey
(1973). The length-weight relationships derived for ?. Þ.

thomasi in west Bl-ue Lake predicted over a l_10x increase in
weight for both organic carbon and nitrogen weight indj-ces

from egg to adult.

Development time refers to the time for a stage to
proceed or develop to the next stage (winberg r97r). rt is
a major component of several- biometric approaches used to
calcul-ate zooplankton productivity (Edmondson and winberg

r97 2) .

For D.

\^/as determined

(mean pulse ) of

similar to that

Þ. !ft"_*g!. in !{est Blue

as the difference (days)

two or more successive

Lake, stage development

between the midpoint

instars. This technique,

qused by Smyly (1973) for . strenuus, involves



Table 20. Length-weight exponents of several copepod species.

Species

lifesocyclops

Leptodiaptonus

Leng th- We i ght
Exponent

2.73

t. 5 (calculated)

I.6- 2.0

We i ght
Expression

wet weight

dry weight

carbon

wet weight
( in f orrnal in)

dry weight
(in formalín)

carbon
carbon
ni trogen
n i trogen

Author

Klekowski and
Shushkina 1966

Cooley 7973

Vijverberq and
Frank 197 6

Pearre 1980

Burgis I97 4

Present study

Cyclops spp

Copepods 2 .98

Themocyclops, 2. 49
Mesocyclops

Diacyclops bicuspi-
datus thomasi

total length
me t as omal
total length
me tas omal

r.7
1.9
2.r
2.4

lt

tt

It

tr

tl
tl

ts
LU
P
I
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some subjective treatment of the data when identifying peaks

of abundances of particular stages. Several- assumptions \^rere

required to calculate development using this method. Mort-

ality rate was assumed to be constant throughout the duration

of each instar, and all individual-s of each stage were assumed

to have the same development time. Both assumptions are

difficul-t to verify but are required for al-l- field data based

methods. Because development times \^/ere carcul-ated f rom

station 2 data, it \,ùas assumed that data from this station
\^/as lîepresentative. ol. the lake. Evidence to support this
assumption has been provided (Tables 9 and l0).

Since there has been only limited work on the life

history of D. Þ. thomasi in other lake systems it is difficult

to compare these developmental times. However, the development

of the spring-summer cohort (2) in V'Iest BIue Lake (approximately

62 days) was similar to that reported by Peacock (L982, 67.5

days) for a multivoltine population developing in temperate

Placid Lake.

Development times vary considerably among j-nstars for

D. b. thomasi in West BIue Lake which is consistent with that

found for other copepod species (Rigler and Cooley I974, Paquette

and Pinel-Al-Ioul L9B2). There was no evidence of isochronality
(Landry I9B3) which is not unexpected given the life history of

P. Þ. thomasi in West Blue Lake (e.9. cohorts developing in
the fall-winter versus the spring-summer periods).
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Development times of some stages of D. Þ. thomapi in

West BIue Lake were difficult to estimate. For example, because

of the long sampling intervals during the winter, maxj-mum abun-

dance peaks of several instars were missed resulting in deter-

mination of a development time for several stages. A necessary

assumption is that all stages in the combination have equal

development times which, of course, may not be true. Grouping

or combining of stages also occurred for cohort 3 during the

summer period when significant overlapping of stages appeared

to occur. Fortunately, because cohort 3 comprised less than

l-5% of the total .rrr*b"r= during both Ig72 and 1974, the m-ag-

nitude of the error resulting from combinations. was probably

small " A subjectj-ve treatment of data is required by analyses

of all multivoltine populations with continuous reproduction

(Rigter and Cooley 1974, Comita 1972, Allan and Goulden 1980,

Paquette and Pinel--Alloul 1982, Rigler and Downing, in press).

Other approaches are availabl-e for calcul-ating stage

developmental times from field data. Comita (L972) cal-culated

that stage duration for ì,eptodiaptomus siciloides and Mesocyclops

edax in Severson Lake, w¿ls proportj,onal to the area under the

time frequency curve for each instar. Although this approach

has been criticized (Rigler and Cooley L974) , it is still

being used (Peacock J-9B2) . Rigler and Cooley (L974) proposed

a simple mathematical approach to the calculation of stage

durations, based on mean pulse differences between successive

instars. Their method is less subjective than Smylyrs (1973),

but requires an addition¿il assumption which may be difficult to
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satisfy i¡r so¡re cases. The nodel assunÊs that the derrcIo¡xrent tine of

any stage j-s always g:æater than that of tlre previous one. Hot^rever, for

a oohort developing during both wi¡rter and spring periods, this assurption

rnay not be val-id. Õnsider cohort l- of D. b. thornasi i¡r !{est Bh:e Lake in

1974. Wittr reproduction ocsurring during the winter, earJ-y narpliar growttr

was slow, resulting in long developnental- tirres i¡r exoess of 10 days. In

ttre springr âs tenperature and food availabil-ity increased, ttre develo¡xent

of late nar4>liar and copepodid stages pr:oceeded quid<ly (less than 10 days).

As a result, sucæssirze instars had shorter develo¡xrent tjrres than preædilg

instars

l'lcst i¡vestigators have detenni¡red stage developnent tines frqn

laboratory experÍrrents or by i:silg ttre tenperature dependent Krogh cufte

(Winberg et aI. l-965, Pechen and Shushkina 1964, Patalas I970t Wilberg

I97Ia, Allanson and Hart. 1975, Cæorge 1976, Mcf,aren and Cod<ett 1981). lfany

researders' especially the Russian workers, have concluded that der¡elopxrent

of rrnst crmenorls mav he main]w tprnrrera.|.rrro dprpndonl-- enrl loqq.affa¡-l-a¿l hrr-! -t - - 
- 

-'--J

food levels. Sr-pporting evidenæ, indicatjng tLrat æpepod develo¡nent is
prfunariJ-y a fwrction of tenperatr¡re has been provided by lr{c,Laren and CorJcett

(198f) from their study of Eurlztenpra herùrnni. Field-derir¡ed derzelo¡xrent

tines of E. herùnani rtere similar to those predicted from tenperatu:æ-derived

sll.tr/es derived iJt tlre laboratory. Sti11, otler researchers have pointed out

tlre jnportanoe of food quality and guantity as facbors affecting æpepod

developrent (Smy1y I970t Shushl<ina 1964, Weglenska L97I, Allan and Goulden

1980, Vijverberg l9B0, Paqr.rette and Pinel-Al-loul- I9B2). The lælative i¡rr

portance of tenperature and,/or food guality and quantity in zooplankton

grovrth is still not resol-rzed, and may vary with species, trophic state of
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lake, and geography (tropical, tenperate). Even j-f tenperatu:e solety con-

trolled developrent, a serious question arises as to rr¡trich tenperatr:re(s)

to use i¡r ttre laboratory. Dj-fferent tife history stages rnay be displaæd

horizontalfy in variabl-e epilirrrretic tenperatures (patalas Lg6g, patalas

and Patalas 1978, Watson L976), or nì¿ry exlribit diel vertical migrations

th:rcugh wide tenperature regines (8e11 and Ward Lg7O, Orcutt and porter l9B3).

The sitr:ation nny be flrrther conplicated because life Lristory stages may

selesb different depths or terperatr:res, and these deptÌrs nìay varfz

seasonally. Depth preference by different tife history stages
was noted for D. Þ. !þgUg¡_1 in West Blue Lake. Conse-

guently, unress comprehensj-ve field studies are conducted

on the species in question, it may be difficul-t to select
either an experimental temper:atur:e olr food l_eve1 for labo-
ratory experiments designed to determine deveJ-opmental times.
For these reasons, field derived developmental times have a

distinct advantage over raboratory ones. Fiel_d derj_ved

estimates, although somewhat subjective, are far easier to
determine than laboratory ones because less background infor-
mation concerning the ecology of the organism is required.
rn addition, most l-aboratory derived development times des-
cribe population growth as a function of onJ_y one factor such

as temperature (Winberg 197la). However, in a natural situation,
several variables are probably involved. As noted for p. Þ.
thomasi in west Blue Lake, cohort development and growth varied
considerably among cohort:; in both years.

Few invcstigator:s have dcter¡:ilrcd growti,r curves for
mul-tivoltine populations (Cooley Lg73, Rigler and Coo1ey Ig74,
Comita 1972, Paguette and pinel-Al_lou]- IgB2). Th/o different qrcr¡¡th rates
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\iær€ deternüJred for D. b. thonrasi in West Bl-r¡e Lalce, v¡lÌich varied bebr¡een

cohorbs for each year. Cxmerally spring and surner cohorts displayed tte

fastest grcvrth whereas w"inter æhorbs shcnred the slov¡est grc\,rbh. ltese

differenæs in grcnrrth are probably a fu'rction of tenperature, anQ,,/or food

quality and guantity.

As indicated above, t1.e i¡rportanæ of tenperature on instar deræIop-

nent has been vrcI1 docurented. ln cI4 traær feeding experinents conducted

r,üith D. b. thorasi, teÍperature alone accounted for approxinately 6Bt of the

variability in incorporation rates (excluding excretlon and respiration

losses, þpendix A). Food qtrantity e>çressed as particulate carbon, accor-nted

for less than 6% of ttre'variability. HorrÞver, the inportanæ of food gualiQz

affecting æpepod growth is not clear.

ennual productivity estimates based on tJre natr:ral- population

(applied growth) cun¡es varied between 12 and 29% higher (or lc¡,ver) than one

growth curr/e esti¡nate during the }4ay to August period ín L972 and 1974. These

differences would erren be greater if conparj-sons included estj-mates during

tlre winter nonths. As j-ndicated aborre, ser¡eral researcLers have calculated

æpepod productiviþz during the iæ-free season based on only one growth

cur:ve even though sone ¡npuJ-aLlons were nm.l-tivol-tine (eU.npv et aJ-. L972,

Winberg et al. 1972)

Productivitlz was estj¡nated using ttre j¡rcrenent sr¡nrntion (Russian)

and instantaneous growth (RicJcer-draprrnn) netlrods. The forner rettrod in-

r¡olrzes a discrete linear nodel- r¡¡hereas the l-atter nethod invoh¡es a æntinr.:ous

exponential npdel-. If growLh and nprtality of copepod populations is egronen-

tial and the cohort is well defi-ned, then the use of thre instantäneous (ex-

ponential) grþ\,üth nethod yields a sonewhat better estinnte of production

(Gillespie and Benke 1979, ¡rl-ten 1980) . Similarly, Rigler and Doøning (in

p:ess) have indicated that r,rÈrerr the population is decreasing (increasing) at

an exponential rate, the logar:ithmic ilean r,vrculd be a nr¡re reliable estj¡nate of

ttre population than the aritl¡retic rrean.
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Productivity estimates with both methods were similar

for the L914 data (within l0%), but differed significantly

when the L972 data were used ( r,r30%). This is expected given

the quality of data coflected in I914. Sampling frequency

was considerably shorter 1n Lgl 4 than 1n I97 2. rn L97 4 samples

were corlected at approximately 3 days intervars during the

spring and sunmer periods" sampring frequency in L9'12 was at
least weekly. since sanip'ling intervars are quite short in

L97 4, the differences in production usi-nq discrete linear
growth and exponential growth model-s would be minimal- even

though the population m,ry be gr:owing exponentiarly. G-i-rlespie

and Benke (1919) has shown this to be true mathematicarly.

Likewise, if int,ervals l¡etween samples are relatively large,

for example, in the I972 data, differences in production

using both methods woul-d be expected to be more significant.

similarly, Romanovsky and Polishchuk (L982) noted that pro-

duction errors or differences wirl increase when comparing

different production methods with an increase in time interval

between sample col-l-ections. Another reason f or dif f erences in
estimates between the two production methods may be rerated
to cohort separati-on. The instantaneous growth method re-
quires well defined cohorts whereas the increment summation

method is ì-ndependent of cohort separation. Tn L974, since

sampling frequency was reratively short, cohort separation
and hence stage deveroprnental- time could be more accurately
determined than in L972 (reduced sampling effort). one would

expect the increment summation method to give a more realistic
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estimate of productivity in the J-97 2 data than the instantaneous

growth method since the cohorts may not be well- defined.

Cohort separation is perhaps the most difficult task involved
when analyzing zooplankton productivity data because it in-

volves some subjective treatment of data.

Annual mean lake productivity (per area unit i.e. m2)

\^Jas approximatery two and three times lower than station 2

(and 5) estimates in r9l2 and L974, respectively, suggesting

that one station estimates may not be representative of the

lake. The horizontal and vertical displace*"nt of plankton
in fake systems is weLf known (rlutchinson L967, patalas Lg6g,

Patalas'and Patalas 1978, Tonoì_Ii L949). Several investi-
gators such as smyly (1973), and pctrova et al.. (1965) have

based their: estimates on single deep stations which may be

biased if they use them to represent the whore lake (on an

area basis).

Annual mean lake productivity of D. b. thomasi was

approximately 1.5 time-'s higher in L974 than in r972. other
investigators have also reported increased productj-on for
multi-year studies bul- no recì.sons are given for these in-
creases (smyly L973, Iìic11er anrf cooley r974, George rg76).
rn west Blue Lake, this increase in productivity was directty
rel-ated to numerical ¿rbundance increases between the two

years. Mean lake populartion estimates in r97 4 wer:e approxi-
mately I.B times higher in I912. Similarly, Daphnia puli-
caria abundance in L97 4 in west Bl-ue Lake was almost double

that of L972 (Ward LgBl). Growth of D. b. thomasi in west

Blue Lake did not incre¿rse app::eciably to account for the pro-
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ductivity difference in estimates b¡etween the t\^/o years.

The large population in 1974 was attribruted to a significantly

higher female fecundit.y, and percentage of gravid females

present compared to estimates i-n 1972. For example, cohort

2 females in L97 4 had, on average , L2. 3 more eggs than femal-es

belonging to the same cohort in L912 (Tabl-e 4). The percen-

tage of gravid f emales in this cohort in Lgi 4 !r/as also at
Ieast double that observed in L972 (Table 2) .

Productivì_ty of D. b. thomasi was expressed in both

calories or energy. units, as wel-l as i., carUån. AJ-though

calories have been recommended as the most useful unit in
productivity studies (lrtinberg L91Lb, InJaters I97j) , it is a

diffi-cul t uni t to assess because of the amount of material

required for analysis. cal-orific content of copepods does

vary with species and season (snow L972) , and simple expres-

sions converting dry weight of an animal to cal-ories should

not be used. fn west Blue Lake, carorific content of D. b.

thomasi varied considerably between summer and winter estimates.

Several estimates of copepod productivity are avail-

able in the literature for various trophic conditions of
lakes (Table 2L). Productivity estimates of D. b. thomasi

\^/ere expressed in both carbon
?tity per volume (m') ancl area

lished literature esti_m¿rtes.

and calories, and as a quan-
1(m') for comparison with pub-

Generally, productivity of D. b.

thomasi was within the range estimated for other copepod

popurations found in lakes of similar trophic status. For
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I912 and I914, productivity over the May to August period was

approximately .23 and .43 g c m-2 (f.15 kcal ^-2, 2.42 kcal

^-2, .23 kcal *-3, .34 kcal *-3). west Blue Lake may be classi-

fied as being oJ-igo-mesotrophic (Ward and Robinson L97 4) .

These estimates are within the range for several diaptomid

species determined by Cooley (I973), Rigler and Cooley (J-974),

and Swift and Hammer (I979). Still Cooley's (L973) estimate

for Diaptomus minutus in Bluff Lake may be under-estimated

because his length-weight curve developed for the species may

be in error. Difference in weight betweer, 
"gg and adult D.

minuLus was only by a factor of 25. Productivity estimates,

expressed in cal-ories, f or Diacyclop s bicuspidatus thomasi

were also similar to those reported in oligotrophic Russian

l-akes (Alimov et al . L972, Andronikova et al. 1912) . Many of

these estimates for oligotrophic l-ake species are probably

over-estimated because they \^/ere based on simple conversions

from dry weight to cal-ories (e.9. I gm dry wt. zooplankton =

6000 cal., Alimov et al. I972, Andronikova et al. L972). Data

presented in this thesis indicate that cal-orj-fic content does

vary seasonally and may vary almost two-fold over the year.

Schindler's (L972) estimate for Diaptomus minutus in two oli-

gotrophic lakes was stightly higher t.han that calcul_ated for

Diacyclops bicus idatus thomasi in West BIue Lake. Hov/ever,

productivity of P!gp!g!"r minut.us may be a slight over-estimate

since calculations appear to have been determined using a

single growth curve. Productivity estimates for the Diacyclops

bicuspidatus thomaj;! West Bl-ue Lake population (May to August)



Table 21. Productivity estimates for several copepod species of lakes of different trophic levels.

Annual ProductivityGeneral
productivity Lake

oligotrophic Red Lake,*
U.S.S.R.

Species

l'fesocyclops
leukarti

-) -1 -------:= _1
(kcal m 'y ') (kcal m "y ') Source

Andronikova
et al. 1972

Alimov et a1.
7972

Alimor¡ et a1
t97 2

Andronikot¡a
et a1. 1972

Swift and
Ham'ner 1979

0.76 Schindler 1972

0.91 Schindler 1972

Cooley 1975

Ri-g1er and
Cooley 1974

Ittaldsea Lake, Diaptomus
minutus

Lake Krivoe,*
U. S. S. R.

Lake Krugloe,*
U. S. S. R.

Red Lake,*
U. S. S. R.

Clear Lake,
0r1t.

Lake 229
Ont.

Bluff Lake,
N. S.

Teapot Lake,**
ûlt.

scut 1 CT

C)'c lops
scutifer

I{esocyclops
oithonoidel

Diaptomus
m1nutus

Diaptomus
minutus

Leptodiaptonus
minutus

Diaptomus.
oregonens]-s

c

1. 90

.0.20

1.80

2. 80 F
Þ
ts
I0. 60

0. 60oligo-
nesotrophic

I.T7
0.52

(1e67)
(le68)

* ice-free season (lvlay to October) estimate.** April to Decenùer estjmate.



Table 21. Continued.

General
productivity Lake

Annual Productivity
Species (gcn-2 -r

v (kca1 m
-tv-) Source

-f -1) (kcal m 'y -) -3

-2 -1

oligo-
mesotrophic

h'est Blue
Lake, Man.

Diacyclops
bicuspidatus
thonasi

Cyclops
sp.

C)'c1ops
strenuus

Cyclops
stTenuus

Cyclops
sp.

Mesocvclons

-Æedax

Russian
Ric.ker-
Chapman
Russian
Ric.ker-
Chapman

.43

r -*.å+. !J"""
.18

1.15

- 2.42

4. B

r1- 2

25.2

36. I

.23 7972 Present studv

34 1974

Winberg et a1.
r97 2

Sm;'ly 1973

Snyly 1973

Winberg et a1.
r972

'l,tiinberg et a1.
I97 2

George 1976

1. 83 comita I972

mesotrophic Lake Naroch,*
U. S. S. R.

eutronhic Esthwaite,
U.K.

Rydal Water,
U.K.

Lake Ìvlyastro*
U. S. S. R.

Lake Batorin* Cyclops sp

Egltq's Nynydd,
U.K.

.70

: l-5

tsè
N)

I

c)'clops
v].c].nus

4.2 (1e70)
4. 8 (1e71)

Severson Lake,
U. S.A.

x?t* I4ay to August estimate.
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rived from one growth curve (cohort 2) differed from pro-

ctivity estimated for the naturar population (cohorts l_,

3) by approxi-mately L2 and 292 in 1972 and L974, respec-
vely. Productivity estimates available for other species in
trophic lakes were significantry higher than those for D.

thomasi in West Blue Lake (Smyly 1973, Winberg et al_.

L912, George 1976, Comita L972, Table 26).

severaf invesl-igators working on copepod productivity
have grouped or compJ-etely neglected the naupliar stages
(winberg g! ar. Lg,'..2, Alimov et a1. rg12, srirt and Hammer

1979) - The magnitude of this error is not known because only
a few studies have attempted to estimate the contributj-on of
various life history stages to total productivity. Exceptions
are the studies of cooley (1973), Rigler and cooley (rg74),
and George (I916) . Generally, their results indicated that
copepodid stages contrj-h¡uted the most to total productivity.
cooley (r9l 3 ) arso repor:ted the importance of eggs to total
productivity. rn Bluff Lake, Nova scotia r egg production of
Diaptomus minutus accounted for 24 and BB% of the total pro-
ductivity in cohorts _l ¿,rnd 2 rcspectively.

similar to other studies, highest productivity occur-
red for the copepodid st,ages of Diacyclops bicuspidatus thomasi.
However, it is noteworthy that different stages contributed
the most to total- productivity in each year. rn rg72 cope-
podid stages 2 and 5 were the most productive stages, whereas

in 1915 stages 2, 4, and 5 contributed the most to total pro-
ductivity. with the exceptlon of naupliar stage 6, naupriar
contribution was less than l0? of total productivity for



L44

cohorts 1 and 2 ín both L972 and L974. Naupliar contribution

was higher for cohort 3 in both years; however this cohort made

up less than 9Z of the annual productivity in 1972 and 1974.

These data suggest that productivity estimates neglecting or com-

bining naupliar stages may not be seriously in error. These

results are encouraging in that not all naupliar stages need

to be identified or counted thereby reducing the work load.

One of the most widely used indices of productivity
Þis the u coefficient or ratio of productivity to biomass (Winberg

et al . 1972, Alimov et {_. L972, Waters 1977, 'Banse and Mosher

I9B0) . This ratio ftr= been used as an indication on how fast
the population is growing (Winberg 1971). The inverse of tfre fi
ratio or turnover time is defined as the time required for the

population to replace itself. In West Blue Lake, daily E ratios
B

of D. b . thomasi averaged .033 in 1972 and .057 in 1974 (incre-

ment summation estimates) . These estimates are within the

ranges found elsewhere for copepod species in lakes of various

trophic types (Table 22) . A sj-milar E
B

ratio was recorded for
species in oli-gotrophic systems whereas slightly higher B ratio

B
$/ere noted for copepods in lakes with a higher trophic state. In

the literature ratios have often been misused. For example,

fvanova (L974) compared various lake types by plotting P

(productivity) against biomass, and related the exponent k (i.e.

P = aek) to each lake type. However, since biomass and produc-

tivity are not independent variabl-es, the regression analysis

should not have been attempted since it violated a key statistical

q
B



Table 22. A summary of
of different

Þ

i ratios (lt{ay'to August period) of cyclopoids in lakes
trophic s tatuLs .

Lake

Kr ivoe

lVest Blue*
Lake

Russian
1 ake

Eglwys Nymydd
U.K.

Trophic state

oligotrophic

oligo-
mes o trophic

mes o trophic

Tat10 Species

.04Ct Cyciops Alimov et aI. I972

P
õ-
l)

Author

797 2

r97 4
.035
.057

scutifer

Diacyclops bi- Present study
cuspidatus thomasi

trfesocyclops Pe trova
196s

et al.
1 eukart i

H
À
(Jl

I.065

.06
( calcul-ated)

Cyclops
vicinus

eutrophic

L í chenskie eut rophi c

* Russian productivity estimate.

.140 Ìvle s o cyc 1op s
1 eukar t i

George J-976
Banse and iulosher (19 B0 )

Patalas 1970
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assumption (Steele and 'Iorrj-e 1960) . Further, other researchers

have attempted to estimate copepod productivity based on pro-

duction to biomass tËl ratios calculatecl from adult body mass

using an empirical- relationship (Tremblay and Roff f9B3).

However, their approach has been strongly criticized by l{cl,aren

and Corbett (1984) since there is a lack of dependence of de-

velopmental rate and growth rate ( ratios) on body size in
copepods which was the main assumption of Tremblay and Roff's
(1983) production model.

In sunìmary, this thesis presents information on the

life history, behaviour, population dynamics and productivity
of D. b.. thomasi in West Blue Lake. It provides a detailed
investigation of an important cyclopoid speci-es, and contributes

to our general knowledge of zooplankton ecology. Data indicated

that diapause and vertical mj-gration (or absence of it) of D.

Þ. thomasi are important aspects of its population strategy

which can affect productivity. Mortality was estimated for the

various cohorts of D. b . thomasi. Productivity was determined

using two different biometric approaches (increment summation,

instantaneous growth), and the advantages and disadvantages

of each method \^rere discussed. Errors associated with single

station estimates (on a unit area basis), and estimates based

on a single growth curve were al-so noted. Productivity results
also indicated that combining or neglecting naupliar stages will
not seriously affect total- productivity estimates.

B
B
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Introduct ion

The rate at which an animal consumes food is of

basic impoTtance since it affects the nutTitive income of

the consumer and sets a level for its productivity. Several

researchers have attempted to calculate zooplankton produc-

tivity based on assimilation rates (schindler 1968, Sorokin

1968). However, problems do arise as to what food source(s)

to offer, and under what environmental conditions.

Generally, the feeding behaviour of most cyclopoids

has not been well documented. Cyclopoids have been reported

to be both herbiyores and carnivores in nature, feeding on

large a1ga1 forms, rotifers, and even on its own nauplii

(Fryer 1957, Anderson 1970, McQueen 1969).

lr,lost estimates of cyclopoid assinilation (incorpora-

tion) have been unrealistic (Schindler 1971, Sorokin 1968),

since they have inyolved primarily unispeci.es cultures, and

unnatural food souïces and concentrations. Although "in

Situ" studies of the assimilation rates of cyclopoids aTe

not available, Be11 and Ward (1970) attempted to deternine

incorporation rates of Daphnia pulicaria under natural con-

ditions. The objective of this study is to determine reli-

able estimates of incorporation for

involving "in situ" studies.

Diacy clops bicuspidatus

Materials and Methods

In situ feeding experinents

"Experiments were conducted from June 19 to August 10
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Since a thermocline was present in iVest Blue Lake during

that period, "in situ" experinents were conducted over a

wide temperature range (8.0-21.5'C) .

The food sources made avaílab1e to Diacy clops bicuspi-

datus ranged in size from 25 u to 155 u. This included

food itens such as large phytoplankton, protozoans'.naup-

1ii, rotifers, and earl-y copepodid stages. Items less than

25 u were not considered since several investigators have

shown that cyclopoids have low assimilation rates of bac-

teria and nannoplankton (sorokin 1968, McQueen 1969) .

Approximately B0 L of lake water weïe sampled with a

Schindler-Patalas trap fitted with a 25 u screen, and all

organisms collected were concentrated into a 1 L container"

Contents were then screened into a 1050 U, 500 U, 243 þr

and 153 p mesh to remove Daphnia and adult copepods. The

filtrate was next examined under a binocular scope (4X), attd

any adult copepods were again removed.

Approxinately 30 uci of 14c in tire form of i'taH14c6,

was added to the food suspension, and contents weïe held

under constant aeration and light conditions (200 lux at

23"C for 48 h). Prior to experiments four 10 mL aliquots

of the food source were filtered through a.45 u Mi11ípore

HA millipore filter. The specific activity of the food

source on the filter, placed in a dioxane fluor (Bray 1960),

was determined by liquid scintíllation counting (8e11 and

Ward 1970). In addition, four 10 mL aliquots of the food

source were also measured for organic carbon content (Perkin
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Elmer Elemental- AnaLyzer Nfodel 205).

At the beginning of the feeding experiment approxi-

mately 30 animals, rinsed in lake 'h/ater, were placed in f our

experimental containers (10 L capacity) fi1led with pre-

filtered lake water IFigure 1). The labe1led food was di1-

uted to pre-concentrated 1eve1s, and next placed in three

control and four experimental containels. All containers

v/eïe sealed and rvere suspended at the desired depth where

originally obtained. The f e.eding period lasted four hours.

At the end of the feeding period, animals were fi1-

tered onto a 153 U screen, rì-nsed with f iltered lake l^/ater,

and placed into a non-1abe11ed food source for 2.0 hours to

remove labe11ed food from their guts (Sorokj-n 1968,

Schindler 1968). Approximately 100 nL fron each experimen-

ta1 and control container were filtered, placed in dioxane

f luor and counted for specif j-c activities.

After feeding on the non-1abe11ed food source, each

experimental group of animals were screelled onto a 153 u

mesh, rinsed with fj-ltered lake rvater, numerically counted,

and placed in scintillation vials containing 0.5 nL of NCS.

The digestion procedure and determination of sample specific

radj-oactivity have been previously described (8e11 and Ward

1e70).
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Resul ts

Incorporation rates of Diacyclops bicuspidatus feeding

on natural food items (25 U-153 U) are given in Table 41.

Values ranged from.0011 ug C ind-1 h-1 to .0063 ug C ind-1
_l

h- r depending on temperature and food concentration (carbon

content). Incorporation rates varied directly lvith tempera-

tuïe with a coefficient of deternination (tZ) of .68 which

indicated that approximately 68% of the variability in incor-

poration could be attributed to the Iegression of incorpora-

tion on temperature (Table AZ). The addition of food concen-

tration as a variable increased the correlation coefficient

only slightly, an additional 5% of the variability explained.

Discussion

Although several researchers have determined incor-

poration rates for several cyclopoid species, most estimates

were derived under arti-ficial experimental conditions. A

comparison of "in situ" incorporation rates of n. bicuspida-

tus with those of other cyclopoid species aÏe listed below.

Species
Temperature

('c)
lncorporaliol.,

Food type (ue C índ ^ h -) Author

Diacyclops 15

bicuspidatus

Acanthocyclops 15
vlridis

443
(natural
25-153 u)

Scendesmus

Elakothrix
(23 v)

Coelastrum

.002

.0008

.00026

Present
study

Sorokin
1968

Schindler
T97T

Schindler
L97I

Cyclops
strenuus

15

(23 v)
00017



Table 41. Incorporation rates of Diaqfcltops bicuspidatus thcrnasi (food range 25 -153 ).

Date

6/rs/7s

7 /7 /7s

7 /17 /7s

7 /24/7s

B/2/7 s

7 /Ls/7s

8/r0/7 s

7 /26/7s

15r78

l.6664

18550

10s43

87s6

34909

44661

9960

49957

r6s34

1459. 3

rs69. s

25s8 " 6

915"1

938.0

881. 0

18421 " I
823.4

550. 7

1147 .5

369. 0

3ó9. 0

369. 0

Z4L"T

423.9

s67 .6

546. s

s87.9

5r7.1

259"8

63. 5

23"r

s6. 0

26.4

s4. I

49.2

49.9

7.0

0"436

0.434

0. 668

0.72I

0.523

0.427

0.936

0. 259

0.985

O. BBó

0.110

0.015

0.078

0.024

0. 054

0.02

0. 078

0. 031

0"098

0. 085

Temperature

('c)
x1

14. 5

14. s

14. 5

2r.5

20" 0

8.0

12. 5

9.5

15. 5

19. 5

Specific Act.

Eood (dpm L-1)

Carbon Content

Foocl (pg C L-1)

x2

Animal
Activity

(dpn ind-1)

Feeding
Duration

(h)

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

Incorporation
_r _1

(ue C ind -h *)

0.0026

0.0024

0.0055

0.0041

0.0063

0. 0011

0.0028

0. 0025

0.0025

0. 0035

I

ts
{\¡
I
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Table 42. Statistical significance of the incorporation
equation (linear rnodel) .

Source Variation
Degrees of

Freedom
Sun of
Squares Mean Squares

Regression

Error

To ta1

F-Test (Hot Bt 0)
?

T

1

I

I

17.5*

0.68

I .237

0.566

1.803

L.237

0.071

t significant at I% 1eve1

where

lnY =

t-

I_

.084T - .712

incorporation in lrg C ind

tenperature in oC

1-l- -1
h
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Table 43. Statistical significance of the incorporation
equation (mu1tip1e regression nodel).

Source Variation
Degrees of

Fr eedom
Sum of
Square s Mean Squares

Regres s ion

Erro r
Total

F-Test (FIo

2r

Br=B r=0)

2

7

9

9.7x

0.73s

1".326

0.478

1.804

0.663

0. 068

û significant at I% leve1

- .0941T + .011F - 7.706

= incorporation in prg C ind-1 h

= temperature in oC

= food concentration in carbon

lnY

Y

T

F

-1
where

-1
ug C L
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At the same temperatute, incorporation rates of D

bicuspidatus wele approximately an order of magnitude higher

than other estimates. This is Prob

range of natural food offered to D

cludes a1gae, plotozoans, nauplii and rotifers. Most cyclo-

poid species have been known to ingest all these food types

(Fryer 1957, Anderson 1970, McQueen 1969).

Temperature was the rnajor variable affecting incor-

poration ïates, concentration of food contributing litt1e

as an influencing varì-ab1e. This agrees with the results

of most feeding studies (Bel1 and Ward I970, Edmoudson and

winberg I972, lvinberg 1971). The variable food quality, lot
considered in this study, mâI also be a major factor affec-

ting feeding (SnY1Y 1970).

Estinates of incorporation of o bicuspidatus are

probably underestimated due to probable excretion and res-

piration losses. Fernando and BrandI (1975) estinated as

much as a 40% excïetion loss for Daphnia magna over a 48 h

feeding period. sinilarly, Larnbert (1975) found major

metabolic pool losses studying assimilation rates of

Daphnia.

Because of the problems associated with metabolic

pools encountered in the expeïimental design (Appendix B),

an estimate of productivity based on calculated incorpora-

tion rates was not derived.

ably related to the size

bicuspidatus which in-
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In tro duc t ion

The use of radio-traceïs in estimating zooplankton

assimilation or incorporation rates for productivity esti-

mates has been questioned (Ward and Robinson 1974). In

addition to problems associated with realistic food sources

and environmental conditions, Serious questions Sti11 arise

concerning metabolic pool pathways of the radionuclide

tracer used (Conover 1961, Lambert 1975, Brandl and

Fernando 1975). Significant losses due to key pools of

respiration and excretion could result in an underestimated

incorporation Iate. These losses may occuï both "during"

and "after" feeding experiments. The obj ective of this

study is to determine whether incorporation lates have to

be corrected for r'espiration and excretion losses 'after
and before feeding' at various holding times.

Materials and Methods

1. 'After feeding' experiments

Ten uci of NaH14CO, *u, added to a screened (25 u-

153 U), concentrated sanple of lake phytoplankton and zoo-

plankton. This food source included aIgae, rotifers and

copepodid nauplii. The food suspension was incubated for

a 2-day period under constant light conditions at 1BoC.

At the beginnì-ng of the experiment groups of Diacyclops

bicuspid.atus were collected, screened on a 243 ¡t Nitex mesh,

rinsed and wasired into a feeding basket suspended in a

beaker containing filtered lake water. (The feeding basket
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had a 243 U Scïeen bottom to ensure no contamination from

the labe11ed food source. ) The 1abe11ed food source \^/as

then added and the animals were allowed to feed for 4 hours.

After the feeding period, the feeding baskets (which

retained the animals) were rinsed twice in filtered lake

ü/ateï (f iltered through a 0 " 45 p rnembrane f ilter) and resus-

pended in holding beakers containing filtered lake watel

for various holding times (0, 5,10, 20,30,45,60,90,

L20 and 240 minutes).

At predetermined intervals animals were removed,

rinsed and placed in scintillation vials each containing

" 5 mL NCS (Bel1 and Ward 1970) . The specific radioactivity

of these animals was determinèa Uy liquid scintillation

counting procedure (Ward et a1. 1970). Aquasol (Amersham

Nuclear) r^ras the scintillation cocktail. For each holding
111period., the t*C egested, respired, and exc1'eted was deter-

nined. The holding medium was filtered through a .45 u

Millipore HA membrane filter. Filters containing egested

material were rinsed Several times with filtered lake wateI,

placed in vials containing Aquasol and counted. Both the

organic and inorganic 14C contents of the filtrate were

determined using an acidification and shaking technique.

Two mL of 2NHC1 was added to each flask to drive off 'OrO,
which was measured directly using phenethylamine as a CAZ

tïap [Figure 81). Each flask was shaken s]ightly on a

rotatoï for 11 hours to ensure maximum efficiency of the

phenethylamine. Preliminary recovery experiments involving
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Apparatus for det-ermining

ïespiration and excretion.

14
Fj-gure B1 C egestion,
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Filter
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A. Egestion

Fecol Pellets

0.45u lvlembrone
Filter

Add Hcl

ACIDIFICAT ION AND SHAKING

Rubber StoPPer

2N Hcl

Phenethylomine
¡ trop )

orgonic i4C

Inorgonicl4C

B, ResPirotion ond Excretion

Íf
Flosk Shoken

1 s8863 RD



1Ainnoculating '-C in bicarbonate form to a

1¿,
medium indicated that over 95% of the -'C

L87 -

phenethylanine over an 11 h period (Tab1e

pre - filtered

was trapped by

B1).

2. 'Before feedingt exPeriments

Labelling of the food source followed the sane pro-

cedure outlined in the 'after feeding' experiments. After

1abe11ing, the food souïce was again screened through a

ZS u-155 U Nitex mesh and rinsed several times with filtered

lake water. Thís prevented contamination of the dissolved
L4c in the experimental containers. Aliquots of the

1abelled food source hlas then washed into 8-150 mL beakers

containing filtered lake water; 4 serving as controls*

(food source only) and 4 serving as experimentals (food

source + aninals).

Approxirnately 24 hours prior to the experiment,

experimental grouPs of Diacyclops bicuspidatus were collected

from lvest Blue Lake, screened on a 243 u Nitex mesh, and

placed in beakers held at the experimental temperatule

(18 C) and light conditions. At the beginning of the ex-

periment, gToups of approxinately 70 animals were placed

in the experimental beakers.

Prior to the beginning of the expeliment, the initial

x Since algae
synthes iz:_ng
controls in
convenience

(in the food source) are
and respiring I4C, there

current laboratorY terms.
in this report, theY are

conti4ually photo-
are actually not
However, for

designated as such.
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radioactivity of both the control food soulce and experi-

mental food soulce was determined by filtering three 10 nL

aliquots through .45 U Millipore HA nembrane filters. Fi1-

ters were placed in scintillation vj-a1s contaíning 10 nL

Aquasol fluor, and later counted. The radioactivity of

both control and expeïimental beakers (after animals had

been removed) afteï the feeding period was determined by the

same procedure.

Feeding experiments were run at 18 C for both 2 and

4 hours. After the feeding period, animals in the experi-

nental beakers weïe removed, rinsed and placed in scintil-

lation vials containing .5 nL NCS and later counted (Ward

et a1. 1970). Deterrnínations of respiration (inorganic tOr)

and excretion (organic tOa) I^rere done us ing the acidif ica-

tion and shaking t.echnique (described in 'af ter f eeding'

procedure) wi-th one modification. Before the addition of

acid, three 5 mL aliquots hreïe taken from the filtrate.

This was a measure of total inorganic and organic 14C.

Results and Discussion

1 . tAf ter f eeding' exPerirnents

Animal activity which, for each replicate, was gener-

aILy below 10 dpm animal-1, decreased significantly after 10

minutes of holding time as egestion occurred (Tables BZ and

B3) . In experiments 2 and 3, combirr"d 14C activity of both

excretion and respiration far exceeded that of animal acti-

vity (Tables 83, B4). Similarly, in experiment 1,



Table Bl. Recovery experiment using phenethylamine as COZ trap.

Time
(hr)

1.0

2.0

5.0

s.0

7.0

r0.0

12.0

to ro,
dpm

48107

110685

1 229 86

138361

158129

77 0294

(i) 17 02e4

(ii) 1702e4

(iii) 17o2s4

%of
Activity
Standard

37 .5

63.2

70.3

79 "L

90.3

97 .3

97 .3

14c

Filtrate
dpm

%of
Act ivi ty
S tandard

Activity
S tandard

dpm

17 5025 ! 1287 5

S.E

164. B

105.8

66.1

BL.2

25 .9

42 .4

77.6

5.

1.

0.

1.

0.

0.

?

1

2

I

4

7

5

5

<1

<1

<1

<1

<1

<1

<1

ts
æ
\o
I



T4Table B2 "

No. of
An inal s

36

51

32

28

32

26

31

34

36

37

39

28

Holding Times
in unlabelled
medium (rnin " )

0

5

10

15

20

50

45

60

90

rz0
240

480

AnimaL Actirrity
dnm.T , -Ianlmal

Excret ion
dpm_.,

animal r
Percentage of

an ima 1
activity

26 .3
19. ó
¿/.t

30. 0
53.3
32.3
94.0
44 .2

40.0
44.2
85.1

Calculated arnoun.rs of

Repl icate # l"

C lost by excretion tafter feeding'.

13 .53
10. 49

8'.57

I .20
7.79
8.10
6.77
5. 14

5.77
6 .07
5.65
5.85

79.38

2.7 6

1.68
2.55
2.34
4 .32
2.L9
4. B3

2 .55
2 .43
2.49
4.86

P
(.o

o
I
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Table 83. Calculated amounts of C lost by respiration, excretion 'after feeding'. Replicate #2.

No" of
animals

Flolding Times
in unlabelled
medium (min.)

Animal Activity
.dpT-r

anrmal

26.L2

3. 09

)1)

2.I3

2.r9

1. 78

2.16

1. B3

2.20

1. 00

Ege,stion
d¡rn

--1anlmaI

Animal Activity
and egestio4
dpm anima]-r

Respiration
dpm ,

animal-r

Excretion
dpm _.,

Ianlmal

1d.
eo - 'C loss by
respiration

and excretion

Z5

31

32

43

30

44

27

27

33

36

0

5

10

20

30

4s

60

90

120

240

2:..60

c). 85

0.49

0. 94

0. 78

l_. 63

L.52

Ir. 63

It. 61

s. 6B

2 "95

2.62

3.r3

2.56

3.79

3. 35

3. B3

2.6r

25. 88

12.08

6.70

8.37

6.82

7 "23

20.37

8.72

L2.35

r28.7

1.86

0. 7B

t.7L

0. 96

1. Bó

4.62

L.47

2.70

>200

>200

> 200

>2 00

>200

Ê
(.o

ts
I

>200

>200

>200



I4Table 84. Calculated arnounts of C lost by respiration, excretion 'after feeding'. Replicate #3.

No. of
ani¡na1s

Ilolding Tines
in unlabelled
mediun (min. )

Aninal Activity
dnm.r - -l-anlma-L

Egestion
dnm.Á - -r

anama-L

AnimaL Activity
and egestio4
dpm animal-r

Respiration
dpn 

--,animal'

Excretion
dpm 1

animal'

," r4c loss by
respiration

and excretion

10

83

58

100

108

B9

91

106

õo

0

10

20

30

45

60

90

l-20

240

3 "r7

2.50

2.25

2.26

2. 0B

1" s9

1.96

r.67

r.24

3.73

4t.73

0.48

0. 57

Ct.27

0. 70

ct. 50

0. 95

6.23

2.98

2.94

2.6s

1. 86

2.66

2.r7

7..19

26.4s

1.36

0. 9B

0. 89

0.77

L.7 4

1. 30

0. B1

3. 48

3. 51

2.28

2.34

2.79

3. 1s

2.r9

1 10
L. LÖ

200

163

118

TzT

191

184

161

r41

F
(O

N1

I



't'able ll5. Calculated percentages of l4C lost by respi.ration antl excretion 'cluring feeding'

Food Sorrrce ("control") Foo¡l Source + Cyclops

Feecling
Period

(NR.)

Resp
(.ll¡ry
mL- r)

Excre
(,lp't
rul,- I )

s.tJ. (Ð s.D.(t)

Excre

s.D.(x) s.D.(i) I s.D. (.Y)

Anirnal
Activity
(.lpm _r
anirnal ^)
t

(dp¡tr
nìJ, 

- r
lìesp.
(dpsr
nù- r)t

Irleasured
org. and "6

inorp. Tota
14c" l4C

(dpfn Acc.
nl-t) For

Corr.
Factor
for

Algal
Growth

(r'controls")

Corrected

Resp.
(dpnr

anirnals

Excre.

' (dpn ,1
J anrnlal )

% loss of
Alimal

Activity
Resp. fìxcre

rJ%

X

z^o ó6.145 0.706 2.423 1.13
73)

488 0.196 62.241t 0.522 2.053 0.741 75.99 90.20
(

0 0%

0.004 0z0.07 1.65.0 4.83 5.99 0.441 74.24 87.5

no sig
di ff.

Ib.9%
decline

1%4.0 162.4 Z.zt 4.928 0.233 0. ó70
(61. s)

228.6

216.6

7 3.3

78. 9

P
(O

C^)

I
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excretion accounted for high losses relative to animal acti-

vity over the holding tines

The extremely high activities recorded as both

excretion and Iespiration are difficult to explain. Con-

siderable research is sti11 required to understand the

various pathways of radio tTacers in living systems.

2. 'Before feeding' experiments

In contrast to results found 'after feedíng' (Tables

82, 83, B4) , the contributions of both respiration and ex-

cretion as a pelcentage of animal activity was insignificant

(Table B5), suggesting that these metabolic pools may not

be of major concern during the feeding period of the experi-

ment. An independent measuTement of total inorganic and

organic carbon accounted for approxinately 75e¿ in the 2.0 h

test and 76% in the 4 h test of the respired and excreted

activities. These results verify to some extent that the

proportion of excTetion to respiration was reasonably

accurate.
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Âppendlx C. Nunerlcal ¡bundance ôt 5tôtlon¡ 2, 3t 4 a

T¡blp lì1. Nunnrlcal ¿bundance åt stttlon 2 dur
nd 5 durlng 1972.
lnq 1972.

Da te ill

16t46'

ì055t4

I 43s2

945?

4899

0

0

0

l3B

6796

5398'

N2

I 932'

34830

44205

100i3

6382

ì4r3

?397

ì 345

I 449

4829

562 I

fr3

0'

862 5

8655?

236?5

8797'

6??6

6467

6692

6037

879i

95 70

N4

2 794

683 I

I 8837'

80ì 03

I 8207'

9910

952?

ì2932'

8l?8'

I 4283'

ì4350

t{5

12382

I it55(,

I 4421

3 3339'

36 302

ì 3898-

I 2678

15623

11247

il028l

1942t

lr6

93787

56143

il 454

I 5964

268265

69863

42846'

3834 2

I 8554

3l 208-

3803 I

Total
N¡upl I I

I 2904 I

2?4499

I 89826

ì 72356

34 ?Bs2

l0l I l0

731ì10

949 34

46153

86194

9239.l

cl ç2 c3 c{ c5
Totôl

Copepodlds Iotal
c6- d
c6- I

May ì7

?4

30

Jun 6

t3

?a

?l

Jul 3

ll

l8

25

34690

t6422

I 5870

8072

I 55s3

44528

38394

6??40

t2314

745t

545 r

166?7

I t66t

56?05

305s 3

3795

374 1

8073

33680

26761

I 034 9'

9555

56581

ì51ììì

I 6006,|

?044 o 
ì

288641

6761 
I

38802

I 00422

6?44-

23481'

I sB99 -

35 380

68070

24690

ì I177

301 03

501 32

26588

?3275

95 2l

57?1

4 377'

2 5590

73031

79028

73179

ì 579ó

9867'

5386'

558e

4 553

783l

1279-

5 3626
81 76

90961
6003

9703.l
ì 2.l44

72t40
I 0764

71657
364 76

474i8
23687

31200
ì5106

?7828
24861

t5766
831 4

I 9586
9901

I 3920
ql R7

I 8004 7

zBl 2s9

300974

?241?9

?0?244

I B6t 94

l?8627

l87sl5

83473

84326

59668

307088

505758

490800

3966û5

545096

287 304

20?537

262445

I 2962f

I 70s2(

I 5205ç

. cont'd pg. 2

F
\o\¡

I



(Contlnued)
ÀppendlxC" Nunerlcal"¡bundance ðt 6tðtlons 2,3, 4 and 5 durlng 1972

Table Cl. Numerlcal ¡bundancÞ at statlon 2 durtnq 1972.

SIAGE ABU¡IDANCE lno. lnd.m-

Da te lrl

Aug I

B

l5

29

Oct ì4

{36r

N?

7847

10847

3706

2l 34

0

r{3

B3t l'.

I 0483 '.

635 I

3602'

0

N4

r 05¿2

il 569

767 5

5655

0

2061ri

l6 34 15

I 4832

t0l0l

0

3291 I

299t5

3¿494

2t 046

0

87568

90480

68404

44069

0

47?4

7051

4 740'

5808-

0

4722'

4l 38'

3415'

6378'

I 000'

9778-

5s68

2g7g'

9569'

6555'ì

4727'

7929'

2928'

2044

49240'

5451'

51 33'

ì 583'

I 356

I 4966 '

c6-ð
c6-g

10830
I 307

I 2035
31 70

7450
I 206

7537
789

ì449
552

4lì39

45024

24 30t

33481

1376?

I 2B7C

I 355(

927(.

7751

7311

il5 N6
Tota I
Naupl I I ct c2 c3 c{ c5

Totaì
Copepodlds Total

I ì 290'

3346

ì 53t'

0

F
(.o
co
I



Appendix C. Numerlcal abundance at statlons Z, 3, 4 and 5 durlng ì972
Table C2. l{wnrical abundance at stàtlon 3 durlns 1972.

Date Nt Ìt2 N3 l{4 N5 t{6

STAGE ABUNDANCE (no. lnd.m

Totaì
l{aupl I I cì c3 c4

c6- d
c6-o-t

Total
Copepodlds Total

Jun 20

.iul 3

l8

Aug ì5

?9

0

0

431 I

t 4l4

BOB

l82t

I 759

2587

2l 38

I 396

3657

2691

4603

4165

2237

750t

6831

6ì 4l

7l't 4

3289

t5472

ìr246

I 2570

9503

524 I

58826

34997

22686

30358

I 8239

87583

57524

52898

54752

31 210

29826

38686

2222

t588

3223

c2

4949

ì 5690

301 7

43à3

3773

2795

4033

Bl 66

4453

6237

39395

t 5103

3222

2S98

t653

c5

4209

2585

3225

759

308

32827
7797

10000
6038

6?15
331 0

1269
t449

I 360
138

12 I 798

92.l 35

29431

28469

I 6692

209381

149659

8233s

83221

4790?

t

H
\.o
\o



Appendl x C , NuoBrlcaì abundance at stôtions 2, 3, 4 and 5 durlng 1972
abìe C3- Hu¡pricaì abundance at statlon 4 durtnq 1972

ilz n3 r{5 il6

no. I
Total
Haupl i i Cl c3 c4 c5

Iotrl
Copepodlds Totaì

c6- 4
c6- IDa te

Flay 30

Jun 13

?7

Jul lì

25

Aug B

22

Nì

?967

'Ì25

0

0

566

l9l2

447

8480

¡t73

725

862

55t

l8l I

552

20276

ì3il

I 000

t000

704

ì 828

861

t{4

?829

25ì 9

I 621

t2-16

t 016

2069

t 345

ì 863

5243

3449

2173

23?5

?53?

?67?

I 863

I 9208

I 3723

7929

5258

4397

8674

38?18

301 79

2051 I

I 3240

I 0420

I 4549

ll55l

33ì 2

It73

I l6s3

3554

723

1000

9t3

c2

18070

862

2219

8550

723

758

ì 395

3036

2346

966

828

2068

947

4629

6690

3345

3862

2173

533

I 534

464

10481

690

103

125

533

24?

il9

I 9656
2184

2821
655

655
207

?ll3
828

656
201

113
104

ì03

63t29

84l 6

t9724

18831

5443

4998

76?3

102007

38595

40242

32071

15863

I 9s47

19t74

I

N)
O'a



Appendi x
ï

c. Numerical abundance at s taÈions ?o 3, 4 and 5 durtng 1972

ahle C4. Nurnrl câ'l abundance ôt s tlon 5 durlnq 1972

Da te

Hay 17

Jun 13

27

Jul 3

25

Aug I

?2

Dec 16

Feb 20

llar 24

NI

I 4826

5244

0

0

2966

583.l

I 656

0

3679t

ì 069

4002

6012

ì 380

93t

200ì

641 7

I 965

0

7152

I 586

2691

807 3

4830

2449

2553

6935

3362

0

2519

3830

N4

5382

¡ 048s

8l 42

4899

438l

7832

6260

0

1207

ll24l

N5

t4691

t7927

I 6759

8483

r 0692

I 0450

9433

0

3243

2345

N6

525s2

5331 4

58618

23s48

26548

e4654

24496

0

ì24t7

4899

Tota I
Naupìlt

94144

l0ìll5

89729

40310

49ì 4l

62t l9

4917?

0

63629

24910

cl

t 7031

73,l 4

51998

39930

4588

4554

31 05

0

241

724

c?

3657

1071

745?

7'128

2967

2346

4000

0

0

0

{485

t53ì3

3t 74

431 ?

I 3418

t 5s2

5002

517

0

0

22753

?1962

t 7380

t0966

4036

?967

I189

2519

ì173

1483

I 5449

5727

5l 75

3036

5ì 40

ì138

794

4623

I 774

33r 2

43244
8349

38484
I 7449

34208
5l 75

17860
t0342

13413
5586

10170
2346

I s87
207

6003
8795

2126
0

6003

I I 4968

I I 0320

11456?

94ì74

491 48

25073

I 5884

22457

s934

il 522

209ì I 2

2l I 435

2t 4291

I 34484

98289

87192

63056

22451

69563

36492

c3 c4 c5
c6-ê Total
C6-? Copepodlds Iotal

N2 N3

t\)
O
H

I
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Appendlx D. l{urerlc¡l ¡bundance at st¡tlons 2, 3. 4 and 5 durtng 1974
TableD L Nunerlc¡l abundance ¡t st¡tlon 2 durlnq 1974.

A8 no. lnd.m-

loto I
Haupll I cl c20a te NI c4 c5

c6- & Iot¡t
C6-9 Copepodl ds Totaì

llay 22

25

?8

3l

Jun 2

4

7

9

1?

l5

IB

2l

23

739 39

t0l 252

I 07t 93'

9324 4'

257?3

I 03s0

I 9036'

ì1834

1028t

I 2765

59 34

r 173

6s03

46690

9l 508

I 9082 7

I 09783

84 758

I 7887

34?77

9074

t4145

14559

I 0799

676 2

l5B2t

268t 0

510 30

I 36620

I 48026

t64412

s84 I 8'

I 00685'

I 8242'

4 3307

44686

297?B'

24 559

499 40

20961

r5247

15314

107t54

290,40

30356

ì 64829

38l 40'

9 3865'

55515

46s57

35 797

62t88

24347

t6036

23660

t 50{ü

25835

t 3798'

76588'

¡ 32071

I 49.l 03

I I 0070

94899'

5779 3

90759'

2tì317

?e396 3

494 I 49

4¡0197

512527

278605

567687

2 36 606

37?079

283594

2201 66

I 57536

288402

52298'

54823

34688'

I 9868

I 373t

I 73.¡9

ì 49t3

20268

I ì s930

t?462?',

I 64905'

ì 00481

il t828

256024

275998

I 54479

I I 8000

57034

34 208

28416'

I ?69b

34070

3641J

4 5833

52897

76076

c3

834 33

2261 38

? 3l 034

?08s52

\4?218

I I 4000

68897

285 52

27810

I 6076

I 8345

ì 6005

2t8?6',

24564

13652'

60 754

84064

2t0552

?67236

292345

ì 72034

I 68691

il4693'

s73ì I

74ì 39

641 t9

t3175

I 8949

20650

?3316

281 03

2903s

4746t

2 3423

I 9590

s2828

4 7935

4 2687

55386

5080
61950

5172
4061 5

2B9B
35344

5037
56655

2760
32969

4.l4
I 6353

289B
ì7043

4l 40
I 6560

634 B
133r2

il 178
I 6974

Bl 77
I 2070

5s68
6693

3006
ìlt3r

496524

695347

539847

5l 5552

5q24?t

4 78s6 5

472033

2n6tJ

3B5Bl I

J72784

35 75 76

298560

359354

70784 I

9B9l I 0

I 033996

933749

I 054954

757ì 70

¡ 0397 20

514279

757890

6563 7B

57174?

4 56096

64 7756

N? N3 N4

ì8567

I 8690'

20555

4l 340'

8l 2759'

ì47796

1t?212

?7?45'

6l 378

4 s999

32249'

3t 452

63ì9¡

N5 N6

t

t\)
O
(^)

a



( Con tl nued )

Da te NI

Appendlx C. Nt¡nericaì abundance at stôtlons 2' 3' 4, and 5 during ì974' 
Tabìe Cì. Nunerlcal abundance at stðtlon 2 durlng 1974.

STAGE ÀBUNOÂI{CE (no. lnd.m-21

N2 N3 N4

17750

494 38'

?1793

ì 3r45

22801

35039'

33552

30386'

32901

2ì 045

40206

44207

12368

N5 N6

Total
llaup I i I cl c2 c3

23250

20I BB

ì 4000'

29660

44594'

2 34Bl

294 85

34347

3338r

37ì4 l

39589

?1284

9798

c5

I 0t 375

39250

il862'

?7798

26688

I 7004 ',

il 730

2393?

20210

5589'

9ì 0B

7176

869ì

c4
c6- d Total
C6-Q Copepodlds Total

Jun 25

?B

Jul 2

4

I

l4

t9

23

26

29

Âug 2

6

9

I 4938'

IBI25

5 379

104

0

7349'

262?

5969

1.7799

I 3076

.l9454

5 796

30451

2tt?5

l9B7s

tì4.l4

ì415

0

7970'

3450

2t05

ì 7455'

ll4r¿?

I 8354

5900

22338'

384 38

35313

22690

7935

6072

21898

I 7587',

I 8967

24588

2M62'

34 552

ì 6039

I 8504

Bl 125

60750

36207'

26970'

5ì62t

45410

4 7 348'

4ì 482'

36484'

3??O7'

I 607 7'

t9971

12248

I 06000

7731 3

8l 345

656r 9

ì 18685'

791 73

I 0l 036'

56686'

48098'

5t 726'

2il 79'

ì 6353

I 82l 6'

339376

26081 4

I 84B2B

il5188

I 99t 79

t96839 \

205595

I 55595

1t1325

I 561 68

1498??

108266

lr4ì25

55000

6t3ì3

?6159

28344

28933

tB2l2

ì1106'

29090

t 5t 77

I rJ496

8798

4347'

4002

I 25 750

92875

50866'

s3549

70415

27792

27558'

?2656

24128

1e278

I 34BB

4ì 75

6072

12237 4

203t 5

IBì 38

39728'

34826

I 7038'

ì 73r6

20692

I 844 3'

t?4'n

ì8561

I 3697

8763

5875
8500

ì 6Bi5
4875

6966
4276

I84IB
I 6867

2ì446
l7ì07
I 6B3l
I 5034

?2064
9039

I 8073
'19795

I 6280
304 79

6969
t5794

lì243
26553

5796
26967

3450
2ìì7ì

44?t24

2s569ì

I 32967

2t4364

244009

I 35392

I 28298

I 68585

I 58698

ì 0 7684

127340

634 42

61947

7Bì 500

5 I 6505

3ì7795

3?9557

443ì 88

372231

333893

324 I B0

336023

26385?

?7 7 162

t9t70B

Û607?

N)
o
rÞ



Appen dix D" Numerlcaì abundanc e at statlons 2,3,4, and 5 during 1974

Tab l e D3. llumerl cal abundance at sta tion 4 durinq 1974

N5 N6
Tot,aì
Naupì i i

STAGE no. I

cì c2 c3 c4
c6-& Totaì
C6-9 Copepodlds Totalc5

N4Date

l4ay 22

.)un 4

ìB

.lut 2

l6

30

Aug 13

29

NI

43036

35ì9

I 932

23.l 4

965

2001

2413

792

N2

2?760

5864

3l 05

225?

86l

2223

2324

86l

N3

9448

t3l7l

3ì05

3657

I 345

2604

3274

1963

5037

3986 3

476ì

4907

I 601

3l 04

6434

2739

3864

9ì 74

5933

7439

?717

4t2l

4293

35ì 4

3864

6003

13312

18096

667.|

7483

9?94

7000

BBOO9

77594

32t 48

38665

'l4220

2t 536

28032

I 6869

I 6828

2967

30?07

12971

5070

3259

I 552

861

46484

3588

5658

2?376

2BBO

?948

I 069

567

15172

I 4206

3795

5002

2l 03

5657

I 033

1?22

6899

371 73

lr6s4

2407

724

2484

2173

463

434 7

B00l

4002

2625

4r4

I139

3ì0

291

I 035
7656

207
476 I

759
2484

I 250
2689

6B
482

671
ll72

34
517

0
379

98421

70903

58559

49320

lr74t

ì7330

6686

3783

I 86430

I 48497

90707

87985

2596ì

38866

34720

20652

N)o
LN



(Contl nued )

Da te NI

Âppendl x
Ta

D . Numerlcal ¡bunda
bleDl. Numerlcal a

nce at itatlons ?, 3, 4 ¡nd 5
bundance at statlon 2 durlno

durlng 1974
ì974.

c3

407 I

5037

7556

7004

N2 N3

STAGT ABUuoANCE (no. lnd.m-z)

Tot¡l
N6 llaupl t f Ct Cz

dc6
c6-o+

lotal
Copepodlds Total

Aug I6

23

Sept ì

Oct ì9

I 8004

17725

r 2558

0

I 5594

2l t06

I 0592

0

I 4076

I 4490

I ì937

2864

N4

I 0937

19587

I 3386

6210

N5

1 3904

I 85s6

I 4835

959 I

4 7650

46825

28898

I I 903'

¡20t65

ì 38289

9?206

30568

7349

I 6937

?2999

3622

3761

8625

I 5353

4520'

c4

52ì 0

I 0592

641 7

744 5t

c5

6452

3657

2588

'12246

I 794
I 062ì

?484
19105

I 794
0

I 035
414

39258

664 37

56707

I 03292

159423

204126

I 489ì 3

I 33860

N)/
O
oì



Da te Nì r{2 t{3

Appendlx D. fiu¡nrlcal abundance at statlons 2, 3, 4, and 5 durlng 1974
Iable 03. Numerlcal abundance at statlon 4 durlno 1974.

STÀGI ABUIIDANCE (no. lnd.m-21

l{5 iló
Tota I
tlaupl i I cl c2 c3 c4

ïotal
Copepodlds Total

ìlay 22

Jun 4

l8

Jul 2

l6

30

Aug 13

29

4 3036

35t9

't932

2314

965

2001

24t 3

792

2276A

5864

3t05

2252

861

2223

2324

861

9448

t3l¡t

31 05

3657

ì 345

2604

32'11

I 963

N4

5037

39863

476t

4907

I 601

31 04

6134

2t39

3864

9t 74

5933

7439

2ll7

4t2t

4293

.35t4

3864

6003

133r2

18096

6671

7483

9294

7000

88009

77594

321 48

38665

14220

2t 536

2Ut32

16869

ì6828

2967

30207

t 2971

5070

l¿59

t552

86t

46484

3588

5658

22376

2880

?948

1069

567

lsl72

I 4206

3795

5002

2r03

5657

t033

1222

6899

37t 73

lt6s4

2407

724

248/'

?tt3

163

c5

4341

8001

{002

2625

{t4

It39

3t0

291

c6-d'
c6-o{-

I 035
7656

207
476ì

759
2484

I 250
2689

68
482

671
il72

34
5t7

0
379

98421

t0903

.58559

{93?0

lt74ì

I 7330

5686

3783

I 86430

I 48497

90707

87985

2s96ì

38866

34120

20652

l.)
O
\¡

I



Appendi x D "
Table

llur¡eri caì ôbunda nce at statlons 2, 3, 4, and 5 durlng 1974

4. Numerl I abundance at sta lon 5 durlno 1974. 1975.åI t

Date

Hay 16

Jun 4

??

Ju

Jul ?

ì6

Jul ?9

Aug 13

23

Dec 16

HI

0

35t 9

44275

2243

2938

690

3588

81 77

7349

0

N2

0

5244

I 9654

3726

5438

I139

2312

9281

631 4

0

n3

0

9453

9.l08

6521

8688

3968

3519

7t07

631 4

0

N4

0

3s928

5589

9759

14188

62¡t5

51t 7

ì 3243

91 37

0

lr

lt5

2553

8763

3657

21 382

2331 3

8832

,û487

8556

831 5

0

12417

4485

4298

86967

59963

21036

23035

10040

2?375

62t 
3

I 4970

6739¿

8656t

130598

ì 14528

41910

46358

56504

62535

621

56967

5244

33793

{7r 33

13063

5865

386{

I070

8l t7

1
380"

95379

8556

118829.

10764

?1500

31 74

2622

690

251 I

I 2083

7093

t800ì

2ßq6

51 4l

8563

6555

5451

2174

ì070

8633

3864

10096s

llo40

I 7863

8500

4CI37

2864

5966

1'125

7t 763

c5

6935

I 9633

5382

r63t I

7250

3347

656

l00l

207

r 9587

3485
2l 205

0
r 2351

3126
25656

2933
7452

9625
6625

6797
5@3

1035
1215

4482
9689

0
966

3 45239
37549

t 9{908

ì64750

22071?

I 07597

75126

34778

20767

2so12

I 4664

I I 2002

209878

232142

307333

2381 95

t89654

76688

67125

8ì 576

77199

t I 2623

sTAGt ABUIIDÀ¡rCE (no'-l-!d.ql

Totð I
N6 Naupl I t Cl C2 c3 c4

c6-ð
c6-o

f

lotal
Copepodlds Ïotðl

t\)
o
@

I



(Contlnued)

Dð te Nì

Jan 28

Feb ì9

Apr 3

N2 N3

Appendlx D, Numerlcal abundance ôt stðtlons 2, 3o 4 and 5 durlng 1974
TabìeD4. Nunerlcal abundance ôt statlon 5 durlnq t974. 1975.

SIAGE ABUN0AI{CE (no. lnd.m-2}

N5 N6

ïotaì
Naupll I cl

'1070

21 39

4E3

c2 c3 c4 c5
c6-c
C6-o+

Tot¡l
Copepodlds Tot¡l

483r 2

t7523

836'

2961

31 308

2734

863

64001

7698

N4

ì38

7r05

4 7368

r38

33t 2

ì 5298

8l 77

6243

5103

60595

I 2 9492

79017

5037

4244

0

9348

8658

2961

807 3

33933

2243
2431 I

5901
¿800

58290

42561

l2lt8

I I 8885

I 72053

9t 185

58724¿

966

0

0

0'

I

N)
c)
\0



FECUNDITY AND EGG SIZE

DURING

APPENDIX E

OF DIACYCLOPS BICUSPIDATUS THOMASI

L972 AND L974
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111

Table El. 1972 Cohort 2 (MaY 24 June 6).

Fecundity
(no. eggs/female) Egg size (u)

33
27
4?.

46
4t
34
46
37
45
36
41
44
45
34
47
44
36
36
a2
JJ

37

82 .35
oô ooou. oo
83.61
83.19
80.25
85.08
81.09
85.92
82.98
BL.7 2

81.51
84.87
83.61
83.19
83.61
85.92
BO. B8
85.08
AA )A

83.61
81.09
80.25
B2 " 19
82.56
B4 .24
83.40
B4 .24
83.61
81.09
80.67
79.62
80.45

81.93
80.46
85.19
81.17
82 .35
83.19
81.09
80.46
83 .82
81.51
80.67
82 .35
81.50
B5. OB

83.40
81.51
82.98
85.82
Qn 

^782.56
79.83
80.46
79.4t
80.88
80.67
79.62
80.04
81. 51
82.98
80.2s
B2 .35
79.4r

80.04
?rì a7
I J.AJ

82 .35
82.98
77.94
81.09
77.94
84.24
8L.72
79.83
78.15
79.4r
80.67
79.4I
81" 55
83.40
82.T4
85.29
Q-I <N

84"66
a1 07
81.09
81.09
85.40
80.67
79.4r
81.51
82.35
80.4ó
85.29
84.03
82.14

80.04
82.56
79.4r
80.46
80.4ó
82.98
80.67
78.15
80.67
78.57
79.62
79.62
80.04

c



?.1 2

Table F.2. I974 Cohort 1 (January February) .

Fecund i ty
(no. eggs/female) Egg size (u)

26
25
29
24
24
20
22
24
2B
25
30
z9
3T
25
24
27
30
26
29

89.70
89.70
87.18
92"86
89.07
89.07
90.55
92 .65
93.91
91. B1
89. 28
91..39
86.15
85.92
B5"OB
88.25
82.98
88 .23
o1 ?o

89.07
85"71
86.55
84.05
BB " 65
84 " 50
91" 39
89. s0
90 .34
89 .29
88.02
87.18
91.55
94. 96
91.60
91. B1

94.75
92"65
85.71
91.59
88"02
89.29
86.55
86.15
88.65
86.76
94.75
89.29
93.38
90.13
90"55
92 .86
90.55
94.7 5
ao )o
90 .02
89.92
95.80
92 .44
90"97
92. 49
90.76
94.33
89.29
8s.08
86. 55
86.76
87.18
91.39
88.23
83.61

82"98
o7 1atoJ.l-J
82.55
87.18
91.60
90.34
93 .49
90.55
89.92
91.60
87.81
85"92
87.18
B9. OB

89. 50
88 " 49
85.71
86.15
aÁ 7A

86.98
B4.ZI
85.50
89.50
89.08
90.75
86.s5
88.65
87.81
85.92
85.08
86.55
88.02
86.97
83.40



2L3

Table E5. L974 Cohort 2 (May 31 - June 6).

Fe cund i ty
[no. eggs/female) Egg size (u)

50
47
47
66
48
64
47
53
47
49
52
c')
5B
46
71
55
51
46
Á-+J
47
54
49

79.20
77.94
77 "3r
79.83
75.63
77 "94
78.36
76"47
76.89
78"36
79 "24
79 "4r
38.57
B0 " 25
7B " 15
81"95
BO. BB
80.67
?ô A1
T J.*L

76"05
80.04
76.89
80 " 25
71 A¿,

76.81
78.99
82.98
80.46
76.89
76"26
77.52
76.05
75.00
7 5 .21,

75.84
ar ¿7/ J. UJ
76.26
80.46
80.04
77 "r0
79.20
80.46
79.83
80.67
80.46
82.5-s
81.09
79.83
79.83
76.47
78.78
80.04
7cì A1

80.67
76.89
76.05
7 6 .r0
75.2r
77.94
78 " 15
79.62
77.r0
78.15
80.46
77.94
76.26
75.95
75.84

77 "52
75.63
76.0s
74. s8
BO.8B
78.99
79.83
79. B3
77.73
77.52
78.36
80.25
76.89
75.84
75.42
76.47
76.47
77.8r
75.2!
76.89
76.26
74.s8
76.89
76.68
74"16
75.63
75.84
76"26
80.25
79.4r
81.93
80.67
7q 6?
78.57

78.36
80.88
81.30
80"88
77 "52
79.83
7 B .7 B

81.53
80.88
79.83
BO. B8
80.46
BO.8B
78.78
81.53



2I 4

Table E4. L974 Cohort 3 (August).

Fecundity
(no. eggs/fenale) Egg size (u)

39
JL
33
34
40
36
2B
29
2B

30
31
30
39
40
34
30
40
30
58
34

84.03
ot rrOU. JJ

85.71
83.40
84.87
85.08
81.51
80.46
80.88
79 "20
80.04
B().8B
84.66
8T"72
83.82
81.50
84. 66
81.50
a ? A1

85.92
B0 " 04
82.14
84.66
85.29
B4 "92
84.24
81.50
85"50
84.45
85.29
87.60
83.40
85.92
81.09
83.19

86.15
86 .67
83.40
84.24
84.45
85.08
87.18
85.40
B4 .24
B2 " 56
87.60
87.60
86.34
83.40
83.19
81.09
85 " 0B
80.88
9.) q, Á

87.18
B4.87
85.50
81"93
82"35
83.82
85.92
81.09
87.18
86.34
83.40
84.05
80.46
82.56
80.46
82 .56

83.61
84.03
85.29
82.56
82.98
81.93
84.45
85.92
B3 .82
83.82
85.92
96.13
81.50
83 .82
o., .7.7
oL" I t

84. B7
83. ó1
B4 .24
82.!4
82.77
85.71
86.13
8O.BB
81.97
82.98
81.09
85.71
85.50
81.93
8O.BB
83.40
BT.7 2

85.71
85.29
85.40

84. B7
82"35
82. s6
80.67
B5 " 61
83"40
80.88
85.08
84.03
85.92
85.71
83.19
81.09
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Table Fl. Mean lengths of Diacyclops bicusoidatus

Stage

N1
N2
N3
N4
N5
N6

Length x (u) s.D. (x) s. E. (t)

110.849
r37.927
1ó1.890
178.853
206.779
232 .988

4.r27
6.3s6
s.060
5. 560
6"770
9.118

1.103
1. ó40
1.600

2.279

Total Metasomal (U) Total Metasonal (u) Total Metasomal (u)

IJ
ts
Ot

I

ct_
C2
C3
C4
C5
C6
C6

7

9
10
10

217
098
489
292

3.036
3 .343
5.790

2 .693
4 .028
4.108

394.406
491.485

1315"693

287. s08
358 .220
467 .326
s60.490
668.950
647.818
761.050

5

9
7

11

58.
10 

"

96.
81.

L3 .57 I
14.950
25.900
38.065
57.0s6
45.411
64 .7 Z

12.
18.
18.
2L.
46.
32.
57.

04
010
370
890
860
255
420 12 .455

.020

.990

.2I2

.050



Table F2. Mean carbon and :nitrog en values of Diacyclops bicuspidatus

s. D. (t) s. E . (i)
Nitrogen (ue N ina-11

s . D. (x) s. E. (x)

-1Carbon (ue C ind )

Stage

egg

N6

C2

C3

C4

C5

C6

X

0 .0267

0.T203

0.5791

0. 8560

L.597 4

2 .2394

2. só80

0.0676

0.0510

0"0876

0.0070

0.7733

0 .2r7 2

0.1050

0.0034

0.0290

0.0458

0.0840

0.3458

0.1086

0 .3240

0.0040

0.030r

O,I24B

0 .232r

0 .3422

0.7690

0.00r2

0.0178

0.0263

0.000s6

0.0103

0.0132

0.0635

0.0396

X

t\)
ts{

I

0.7420

0.0687
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Appendix G. DePth weiqhted means

Table el. Mav 28-29

of Cyclops bicuspidatus during the vertical migration periods'

T

N2

Depth TemP.(m) ("c )

N4

mp. Depth TemP

c) (m) ('c)

N5

Depth TemP(m) ('c )

N6
Nì N3

Hour
Dep th

(m)
Temp
("c )

5"t
5.1

5"ì
5..|

5"0

5.0

5.0

5.1

0.02

Depth
(m)

ì 2.0

ll.l
il.5
7.7

9.1

10.6

10.8

10.4

0.56

Temp
("c)

5.0

5.0

5.0

5.1

5.1

5.0

5.0

5.0

0.02

Depth
(m)

Te
("

ì0:00 9"3

l4:00 9.1

lB:00 7.5

22:00 8.4
02: 00 'l ì .9

06:00 10.9

ì 0:00 I "7
i ' 9.s

s.E.(x) 0.s60

ì0"0
10.6

9..|

7"4

10.0

7"7

9..|

0. 54

5.0

5.0

5.1

5..|

5.0

5"1

5.0

0.02

9"4

10.9

9.2
6.6

10.7
.l0.9

7.0

9.2

0.618

5.ì
5.0

5.ì
5..|

5.0

5.0

5.t
5..|

0.02

12.4

t 2.5

8.8

7.5

10.8

lt.4
lr.7
I0. 7

0.7t

5.0

5.0

5..|

5.'¡

5.0

5.0

5.0

5.0

0. 02

t\)
H
\o

5.0

5.0

5.1

5.0

5.t
5.1

s.l
5.ì
0.02

10.0

ì1.7
7.7

9.5
9.4

9.0
9.

9.

0.

3

5

45



Appendix G. Depth welghted means of Cyclops bicuspldatus during the vertical migratlon perldds

Tabìe G t. Mav 28-29

Hour
ct

ïemp
('c )

Part.
(mSCn

Dep th
(m) -s

c2

Depth ferp.Part.-C
) (n) ('C) (msCm-J

COPEPODID STAGES

c4

:C Depth Temp.Part.-Ç-") (m) ("C) (neCn-J)

c5

Depth Terp.Part.-C
(m) ('Cl (û¡gCn-J)

c6+
TElp. Part. -Ç.
('C) (mgCm-J)

c3

Depth Tenp
(m) ('c)

Egs

Depth T(') (
(mSCn
Part

Dep th
(m)

emp
'c)

ì0:00 12.2

l4:00 .l2.9

l8: 00 8. 3

?2:00 9.6

02:00 10.7

06:00 ¡2.0
l0:00 9.8

i ì0.8
S.E.(x) 0.63

5.0 432.54

5.0 417.22

5. I 596.30

5.0 540.30

5.0 492.92

5.0 436.92

5.0 53ì.69
5.0 492.55

0.0t 25.33

488.61

462.77

53t .69

5¡4.46

458.46

4ß.92
505.84

485. 54

I 2.9¡

;l¡.a
I

0.6t

404.09

449.84

540.30

492.92

397.52

4t 5.03

49t,23

456. 70

20.7A

r5.3 5.0

9.8 5.0
tì.7 5.0
t.I.0 5.0

l3.t 5.0
12.5 5.0

t0.6 5.0
t2.0 5.0
0.69 0

364.68

531 .69

449. 84

480.00

4l 2.84

425.9t

19r.23

45t .75

21.28

{04.09

467.08

425.91

5t 8. 76

1ffi.27

445.54

4?8. I 6

44?.27

15. l9

5.0 523.07

5.0 449.84

5.0 544.61

5.0 497.?3

5.0 449.84

5.0 445.54

5.t 561.84

5.0 496.00

0.01 18.4t

¡0.8 5.0
I t.4 5.0
9.8 5.0

t0.2 5.0

lt.5 5.0
12.0 5.0
ì0.4 5.0
¡0.9 5.0
0.30 0

13. 5

il.7
9.6

10. 7

t 3.I
t 3.0

t0.6

r 3.5

lt.3
t 2.5

10.I

t 3.4

lì,8
12.4

ì2. l4
0.45

t0.0
lt.7
9.5

10.6

l¡.7
r ìl.g

9.ì
10.6

0. 43

, ì1.6 5.0
, il.0 5.0

t .1 5.1

, 7.3 5.1

8.0 5.1

ls.3 5.0
6.3 5.5

9.5 5.t
t.23 0.07

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

0
t!
N)
o

I



Appendìx G" Depth weighted means

Table G2. June ìì-.l2

of Cycloos bicuspidatus

NAUPLIAR STAGES

N3

durlng the vertical migration periods.

N2 N4 N5 N6hlour NI
Depth Temp(m) ("c)

Depth
(m)

ïemp
("c )

6.6

6.3

6"9

5.9

Depth
(m)

Temp.
('c )

Depth
(m)

tì.2
14.5

t2"8
14.7

17" t
15.8

15.0

16.0

lì.1
ì2"3
t 4.9

15.3

t 3.5

14 .7

0. 52

ïemp
('c )

I

Depth

¡ (lrr)
Temp
('c)

6.6

6.4

6.9
6.0

6.0
6.0
6.?
6.0

7.0

6.7

6.0
6.0

6.8
6.3
0. ìl

Depth
(*)

Temp
("c)

7.0

6.2

7.0

6.2

6.6
6.4

6.4

6.3

7.3

6.9

6.4

6.0

7.0

6.6

0.rì

l0:00'
ì2:00 '

l4:00
l6:00
ì 8:00

20:00

2?200

24:00

02:00

04:00

06: 00

0B:00

l0:00
i
S.E.(x

ì 3.3

14.2

il"5
ì6"6
.l6.8

13.6

16. I

17 .7

ì0.2
I t.2
14.6

t4.9
ì 3.8

14.2

0.63

6.4

6.2

6.9

5.7

5.6

6"3

5.9

5.3

7.0

7"0

6.0

6.0

6.3

6"2

0. l5

12 "V

13.6

il.5
t 5.6

17.5
.l4" 

4
.l5. 

3

15.7

9.7

il.7
14.2
.l5.3

12.0

l3.B
0. 60

6.2

6.0

5"9

7.ì
6"9

6.2

6.0

6.8
6"3

0. l4

t2. I

14.7

t 2.8

t 5.3

18. I
.l5.2

t 5.4

17.7

ì 0.2

il.4
15.3

t s.4

r3.3
t 4.4

0.64

6.8

6.0

6.6

6.0

5.2
6.0
6.0

5.3

7"0

7.0

6.0

6.0
6.4

6.2

0.t6

7.0

6"t
6.6

6.0

5.5

5.9

6.0

5.9

7.0

6.7

6.0

6.0

6.4

6.2

0.13

t?."7

13.5

t2.0
14.8

I 5.0

t4.B
.l4.4

ì 5.2

ll.2
12.2

14.6

t 4.7

12..1

t 3.6

0. 39

t0. t

t4.l
ì1.3
14.4

12.8

13. t

13.3

ì 3.8

9.3

il.7
ì 3.5

r4.7
It.4
12.6

0.47

;

¡

I

I
I

5" 3 t\)
t!
H



Appendtx G. Depth wetghted rneans of q¡_!gp!_-Þig_U:p_1gg!$_ durlng the vertlcal nlgratlon periods.

ïableG2. June ll - l2

Hour
ct

Depth Temp
(m) ("c )

Part.
(mgCm-

c? c3

Depth Ïemp.Part.-Ç Depth Temp
) (m) ("C) (msCm-") (rn) ('C)

COPEPODID STACES

c4

ç Depth Tenp.Part.-Ç
') (m) (oC) (mgCm-'

cs C6 P €sg

Depth Ïemp.Part.ìl Depth lerp.Part.:Ç Depth Tenp
) (ml ("C) (mgCn-') (m) ('C) (mscm-') (m) ("c)

l0:00 ì 0.9
l2:00 12.l
l4:00 ll.2
l6:00 10.4

l8:00 10.9

20:00 13.4

22:OO l?.5
24:00 ì4.4
02:00 8.4

04:00 ì0.0
06:00 .l0.8

0B:00 ìì.1
l0:00 8.5

; il.z
S.t.(x) 0.18

422.2s

4¡ 7. t9
128.05

412.58

4?2.25

390. 84

424.71

35 3. 2t

373.89

404.84

420.31

426. t I

345. 82

403.23

7. 89

387.08

34t.93
406.77

408.7t

368.24

300. 54

421.18

255.38

424. I I
408.7.|

439.76

397. l0
385 .49

380.62

t4.68

Part.
(mSCm

364t.50

338. r6

429. 98

439.65

26$. 8ì

13{i.00

334 . ¡t0

42¿l -tt
4ì ti. 14

404. 84

420.95

394.61

ß',1 .42

389.04

14.t3

3C¡.64

268.4?

{02. t4

287.98

293.08

3t 5.59

293.01

319.35

304. n
338. t6

226.68

263.20

338. l6
306. 2l

ì2.00

338. l6
?68.4?

379.55

29{.34
269 -'t2

390.84

291.97

338.16

390.84

383. 32

271.03

274.94

420.95

33ì .7t
15.55

20 3.80
2t4.94
368.26

¿t3.64
2t6.24

293.39

290.86

304 .30

435.78

?68.42

282.76

268.42

390.8rt

309. 3l

l4 .90

20 5.0

5

7.0

6.6
7.0

7.0

7.0

6.4

6.6

6.?
7.8

7.0

7-O

7.0

7.7

6.9

0. ¡2

6.4
6.0
7.0

7.0

6.2

5.9

7.0

5.5

7.0

7.0

6.8
7.2

1.4

6.6

0.l6

t4.I
i

t1.8
rt.3

iìl.g
.

17.8
:12.2
t..

t 4.9

, 12.5

Ìro.o
it0.0
I
r 12.6

t3.3

. g.l
t2 .69

0.65

6.2
6.0
7.O

6.9

5.3
6.7

6.0

6.6
7.0

7.0

6.6

6.{
7.4

6.5

0. t5

6.0
5.2

6.3

5.0
5.2

6.4

5.0

6.0
6.4
6.3

5.2

5.2

6.6

5.7

0. t7

6.6

5.0
5.1

6.2

5.5

5.0
6.7
5.2

5.5

6.0

9.0

5.9

0. 33

l3. s

14.7

t0. t

10.2

14.0

15.8

ll.0
17.0

r¡.0
10.2

12. t

9.6

9.0
12.ì7

0.7ì

15.0

18.0

r3. I
ì9.5
20-i
I s.4
t6.0
15. 3
'15. 7

14. B

r 7.l
t7.6
14.8

16.40

0. 59

6.0
s.z
6.4

5.1

5.0

6.0

5.9
6.0
5.9

6.0

5.5

5.3

6.0

5.t
0. l2

14.8

18.0

t 3.7

20.1

18. I
13.4

2l .6

t4.8
ì3.t
13.6

18.2

18.5

l2 .6

16.2

0.83

I9.9
t8.5
t 4.0

t 8.4

'Ì¡.0
20.7

22.3

15.7

It.6
18.0

l9.l
18.0

13.4

17.55

0.85

5.0
5.2

6.2

5.2

5.t
5.0
5.0

s.9
5.9

5:2

5.t
5.2

6.4

5.4

0.r4

12.6

20.4

19.3

14.0

it¡.0
| 23.0

'12.?

18.0

17.0

l5. s

1.3
16.36

I .2s

I

T.J

N)
NJ.



Depth weighted means of cyc'rops bicuspidatus during the verticaì migration periods'
Appendi x G.

Tabìe G3. Jul t9-20

NT N2

NAUPLIAR STAGES

Temp "
("c )

N3

t5.3 5.4

1l "0 6"6

14.5

ì1.0
I 3.3

14.9 5.5

N5 N6
N4

Hour

I 0:00
'f 2:00
'14:00

I 6:00

Temp.
("c )

Temp
('c )

5.4

4.4

4"9

5.t
5.3

6.9

Depth
{m)

Depth
(m)

Depth
(m)

Depth
(m)

TemP
('c)

Temp
('c)

Temp.
("c )Depth

(m)

15.9

24 .0

2A"?

22"1

5"3

4"5

4"7

4.6

4"7

4.9

4.8
5.ì
5.9

4.8

4.9

4.6

4"9

0..lI

Depth
(m)

t5.7
25"5

t 7,8

2?.5

22.5

t 6.5

15.9

10.0

t 3.5

16.3

t 3.7

13.2

14. I

14.3

16.4

13"4

12" I

10" I
14. I

12.9

I 3.73

0. 45

5.9

5.2

5.9

6.0
5.8

5.7

5.2

5.9

6.3

6.7

5.8

6.0

5.9

0. l2

15. 5

15.5

t 5.9

t6.7
15. 4

l6 .0

17.2

ì 3.8

10.4

16.6

15. B
.l5.6

15.37

0. 5l

5.4

5.4

5.3

5.1

5.4

5.3

5.0
5.8

6.8

5.1

5.3

5.4

5.4

0.14

4"6

4"6
t\)
l.)
(¡)

I

ì

n8:00 ', 20.4

20:00 tB.0

22""00 ì lg.7
24:oo ilo.s.;
02:00 I 13.5

04:00 i ì9.2

06:00 ì8.1

08:00 22.4

x lg"OA

s"E"(x) 0.86

5"7

6.6
5.9

15.5 5.4

I 8.0

1 .58

5.2

0.25

13.33

0.79

5.9

0.22

t 3.5

16.0

t0.3
t5.B
17.4

t 3.2

14.9

t 3.5

12.3

15"4

t 5.0

19.6

14.74',

0. 70

5.9

5.3

6.7
5.3

5.0

6.0

5.5

5.9

6.2
5.4

5.5

4.7

5.6

0..l5



Appendix c'

3. Juab

tþpth weighted means of Cyclops Þí-çusll
during the ventical migration periods

N4
N5

i datus

NAUPLIAR STAGES

e

TemP.
("c)

20

ir2

N6

N3

DePth TemP"
(;n) ('c )

Depth
(m)

Te{$P
("c)

Depth
(m)

Te¡nP
("c)

Depth
(m)

TemP
('c)

NI
Depth

(m)

Depth
(m)

TemP.
('c)

15.9

24"0

40"2

?2"1

20" 4

18.0 .

ì8"7

i16"5
i la.s
itg.z

l8.l
?2.4

19.08

) 0"86

5.3

4.5

4.7

4"6

4.1

4.9

4.8

5.1

5.9

4.8

4.9

4.6

4.9

0"'11

5.4

4.4

4"9

4.6

4.6

l3 "5
t 6"0

10.3

15.8

17"4

13.2

6.0
5.8

5.7

5.2

5.9

6"3

6.7

5.8

6.0
5.9

0.ì2

15.5

15.9

16.7

15. 4

ì6.0
17 .2

13.8

10.4

16.6

15.8

ì5.6
.l5.37

0.51

?5

.7

.5
l5

t 7.8

22.5

22"5

ls.3 5"4

11 "o 6'6

;;:;
1l.0
t 3.3

t 4.9

13"5

12.3
.l5.4

.l5.0

ì 9.6

ì4"74
0. 70

15.513.5

16.3

I 3.7

13.2

t 4.l
14.3

ì6.4
13.4

l2.l
10. B

14" 1

12.9

I 3.73

5.9
5.3

6.1

5.3

5.0

6.0

5.5

5.9

6.2.

5.4

5.5

4.7

5.6

0.1

5.4

5.4

5.3

5.1

5.4

5.3

5.0

5.8

5.9

5"2

5.9 t

È.J
N)
Þ

I

I

I
I
I

I
I
i
t
I

I
I

I

I

ì

16.5

t 5.9

10.0

5.1

5.3

6.9

\

5"7

6"6

5.9
I

r
i

I

i

6.8

5.1

5.3

5.4

5.4

0.14

14"9 5.5i
I

I
I

I

I

I
t

i
I
i

ì
t

I

15.5

18.0
1"58

5.4

5"2

0. 25

I 3.33

0. 79

5"9

0"22
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AppendixG. Depth weighted reans of llyclops blcuspldatus durlng the vertlcal nlgratlon perlods

Table G3. July 19 - 20

Hour cì
Depth Temp(') ('c)

.Part.-
(mgCm-

Part.
(m9Cm-

c2
0epth Temp

) (m) ("c)

c3
Depth Temo.Par.t.-C

) (;n) ("c) (mecm-5)

COPEPODTD STAGES

c4
Depth TenD.Part.-C
(;n) ("c) (mecm-5)

^ 13.3 s.s 2e5.06

??.3 4.6 ¡7t.30
14.6 5.6 27t.81

18.5 4.9 183.45

ì8.1 4.9 t95.57

..19.e 5,r 23?.48

¡4.4'5.7 2t5.39
16.2 's.2 243.?0

12.5 6.2 !09.36
22.6 4.s t75.65
ì1.6 5.6 27r.8r
2?.6 4.5 175.65

17.2 5.2 ?33.39

1.05 0.t6 14.78

'c5
i Deoth TecD.Part.-C i(;) ('c) (mscrû-s)

c6 I
Deoth Tem.Part.-t
(i.) ("c) (nBcm-')

Esg
Depth Ieno
(m) ('c)s s

l0:00 6.9 9.4

12:00 8.0 7.8

l4:00 t0.2 6.8
l6:00 6.1 13.0

l8:00 5.9 13.5

20:00 5.6 15.6

22:00 9.4 7. I
24:00 I 1.5 6.5
02:00 5.7 14.6

04:00 7.5 8.4
06:00 8.1 7 .7

08:00 3.8 20.5

I 7.4 ì0.9
S.E.(x) 0.63 1.28

t-2 8.8 445.60

t .9 't .9 421 .03

6.5 lt.0 439.36

7.9 7.9 427.03

8.3 7.6 416.12

8.3 t.6 416.42

9.6 7.0 38t.95

9.2 7. t 392.56

6.4 ll.4 j137.05

7.6 8.3 435.00

10.0 6.9 37t.34
6.0 13.0 427.82

7.91 8.7 418.3

0.37 0.59 6.88

1.6

6:2
6.0

6.6

6.4
5.8

, 12.l 6.3

it2.5 6.2

i6.8 9.8
il.2 6.5

;13.3 5.9
r4.3 5.?

I t.7 6.6
0.63 0.33

.jt

448.59

424.38

366.04

430. I 3

4?5. 5t

41 8.59

387.25

331.56

420.90

437.64

421 .73

377.06

407.45

9. 94

8.3

12.3

t 2.9

10.9

I t.8
13.8

{lf¡.42
312-94

30:2. 2l

347.47

323.60

28ß.12

316. sl
309.36

{16. 28

339.52

295.06

271.18

33r.05

14. 83

, I7.9
16.4

r18.9
et.6
21 .5

21.2

t4.?
t3.t
ls.t
24.2

t9.5
| 23.3

t 8.9
t.03

4.9

5.2

4.7

{.6
t.6
{.6
5.6

6.0

5.5

4.5

4.7
4.5

4.9

0.14

¿0{.66

239.63

171.33

l6t . t7

159.12

t55.38

2'10.0?,

298.63

262.87

t 98.8A

153. t 5

t85.78

205. l0
It.6e

19.9

23.4

,26.5

24.9

23.8

¡ 19.7
'15.2
I 14.3

t 7.6
i lo.o
'2t.7
i 24.2

20.6

r.t7

4.7

{.5
4.4

1.4

f.r
4.1

5.5

5.t
{.9
5.t
4.6

4.4

4.8
0.r3

I 4l .03

187.23

255.28

208.95

Ì93.02

I 47.09

26t.08

?77 .18

210.72

236.05

I 62 .62

r 98. 82

206 .59

l?..19

17.2

22.9

2?-3

23. 3

20.2

18.4

¡ 3.7

14.4

t8.2

l----
2l .6

't 
2O.7

19.3

0. 99
I

5.0

4.5

4.6

4.5

4.7

4.9

5.9

5.7

{.9

4.6

4.6

4.9
0.14

N)
T\)
(n



Appendix G. Depth weighted means of {lyclops bicuspidatus during the vertical mlgration periods.

Table G4. Auqust l6-17

NAUPLIAR STAGES

N2 N3 N4 N5 N6

Hour

l0:00
I 2:00

I 4:00

ì 6:00

l8:00
20:00

22200

24:00

02:00

04:00

06:00

0B:00
'l 0:00

Nì
Depth TemP(m) ("c)

Temp. Depth('c) (m)
Depth

(m)
Temp
('c )

4.9

5.9

5.4
5.1

5.8

Depth
(m)

Temp
("c)

4.8

6.5

5.6

Depth
(m)

17 .7

t7.6
12.9

14.7

13.4

t 2.3
.l3.7

16.3

t5.7
t6.0
t 3.0

ì4. ì

t 2.5

t 4.6

0. 52

Temp
('c)

Depth
(m)

Temp.
("c )

4.8
5.8
6.1

5.3

17.6

2l "6
ì8.7
19.3

lB.4
ì 8.6

?0"4

4.8

4.5

4.7

4"7

4.8
4.7

4.6

4.6

4.5

4"7

4.9

4.8

4.9

4"7

0. 04

I5.7
21.0

17.2

17.?

t 7.0

ì 5.5

14.4

20.4

20. 3

18.8

16.6

17 .7

t 4.9

t7.4
0. 59

17.0r

13.7'
.l4" 

i'

t 6.0

13.9

13. B

t5"l
i 5.,1

15. I

15.t0

13"3

I 3.2

12.9

14. 5

0.33

17.9

12"6

14.4
ì3"4
t2.8
t?.?
14.4

t 5.2

15.3

15.3

t 2.6

14.2

12.9

t4.I
0. 44

4.8

4.8
6.3
5.4
6.t
6.6

5.9

5.0

5.2

5.ì
6.3

5.7

6.5

5.6

0.lB

18.0

t4.0
13.4

14.9

12.7

12.2

t 3.9

ì6.3
13.5

13. B

1?.4

t 3.6

ll.9
ì 3.9

o.47

5.2

4"6

4.9

4"9

4.9

6.t
6.4

6.7

5.6

5.3

5.?

6

5

0
ì

I

.(x)
I

2ì .3

?1"9

19"0
:l7.3

ì8"4

t7"l
19.2

0. 45

5.2

5.6

4.6

4.6

4.7

5.0

4.8

5.3

4.9

0. 0B

5.9

5"3

5.2

5.3

5.3

6.ì
6,2

6.3

5.6

0..l3

6'4 -
6.7 ;
5.8 '

5.0

6.0
5.9

6.6

6.0

X

S"E

5.2

6.5

5.7

6.3

5.8

0.t7 7

I
9

I



AppendtxG. [epth welghted reans of Cyclops blcuspldatus durlng the vertlcaì nrlgratlon perlods

Iable G4. Ausust ì6 - 17

Hour
cl

Depth Tenp
(ml ("c)

Part.
(mgCm-

I 0:00 I 5.8 5l . 3l 9.85

12:00 ll.2 7.2 358-99

l4:ü) 12.7 6.4 335.23

l6:00 14.2 5.7 327 .79

l8:00 lì.3 7.t 356.15

20:00 ll.4 7.1 353.92

22:O0 7.9 9.8 t42.68

24:00 10.0 7.7 389.42

02:00 10.6 7" 5 374.20

04:(Ð 12.0 6.8 ït8.70
06:00 ll.7 6.9 345.31

08:00 12.2 6.1 337.7ì

l0:00 tl.0 1.3 364.06

i u.r t.o 357.33

S.E.(x) 0.53 0.30 8.21

c2 c3

Depth Ternp.Part.-Ç Depth ler¡p.Part.
) (m) ("C) (crgcm-") (m) ('C) (mgcm

-s)
s

COPEPODID ST'TGES

c4

Depth Temo.P¡rt.-C
(;n) ('C) (nscm-')

I 9.0 4.t 320.70

19.6 ¡¡-6 æ2.74

23-t 4.5 lt¿.89
22.2 f.5 169.86

22"r 4.5 168.{l
¿0.3 4-5 31t.80
¿r.5 a.5 ¿98.60

18.7 1.7 319.68

l8-0 4.8 3¡7.30
19.7 ¡t.6 323.08

19.3 4.7 321.12

2r.5 4.6 292.60

t6.s 5.0 316.38

20.t 4.6 ¿8t.98

0.52 0.04 17.4

c5

Deoth le¡rn.Part.-C(;) ('c) (msûn-'

c6?
tþoth Temo.Part.-C

) (;n) ('C) (¡rgcm-r)

23.4 4.5 252.70

2l.8 4.5 e86-30

2{.5 4.{ 229.60

21.3 4.4 26t.83

24.1 4.4 238.0

2t.6 4.5 290.50

21.2 4.6 æ8.90

2l.t 4.5 28S.{0
i zt.z 4.6 a9g.9o
'20.1 4.6 322.00

18.0 4.8 31 7.30

21.7 1.5 288.40

22-5 4.5 271.60

22.? 1.5 280.34

0.63 0.03 7.85

Egs

Depth ïe¡P
(m) ('c)

20.1 4.6

er.6 4-5

24.5 4.{
26.7 4.4

23.7 4.4

22.8 {.5
2¡.6 4.5

23.3 4.5

2l .0 4.6

20.8 4.6

18.8 4.7

2l .9 4.5

22.5 4.5

22.1 4.5

0.55 0.02

t4.8 5.4 324.8t

12.7 6.4 335.23

14.0 5.8 328.78

t3.5 6.0 ¡3ì.26
13.ì 6.2 333.24

13.4 6"ì 3:¡ì.76

13.2 6.? 332.75

ì1.9 6.8 341.24

10.5 7.5 376.74

13.0 6.3 333.74

10.4 7.5 379.28

t3.6 6.0 330.76

t2.s 6.5 3fi.?2
12"8 6.4 339.68

0.35 0.17 4.48

9. I 7. I 39{,, 49

r2.0 6.8 338..70

15.1 5.3 ?21,3?

t8.4 4.8 318.66

17.? 4.9 314.58

16.8 1.9 31r"89

l6.s 5.0 316.38
.l3.6 6.0 330.76

r4" I 5.7 328-28

17.8 {.8 3t6.52
t9.l 4.7 321.04

?1.7 4.5 288.40

t9.3 4.7 t?l.7?
t6.3 5"4 321i.22

0.9t 0.27 6.12

22.8 4.5 26s.30

21.1 4.5 ?88.40

?4.3 f-4 233.80

26.5 4.4 246.97

24.4 4.1 231.70

¿2.8 4.5 e65.30

22.O 4.5 e82.t0

24.3 4.4 233.80

¡9.9 ¡1.6 323.16

21 .2 ¡f .4 215.90

t8.8 4.7 3e0.02

23.2 4.5 2s6.90

?3.7 {.4 216.40

23.0 4.5 263.87

0.56 0.03 8.1

N)
s\¡

I



APPENDIX H

TEMPERATURE AND PARTICULATE CARBON LEVELS DURING

THE VERTICAL MIGRATION SERIES
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Tab le tll Temper,ature and p
during the May 28
nigration series.

229

articulate carbon 1eve1s
-29 and June 11-12 ve'rtical

May 28-Zg June IL-IZ
Depth

(tn)

Temp

("c)
Part iculate
Carbon (ug -1)

Temp.
('c)

Part iculat e

Carbon (ug C L
-1CL )

0
1
2

3

4
5

6
7

B

9
10
11
I2
T3
I4
1q

I6
I7
1B
19
20
2T
22
23
24
25
26
z7
2B
29
30

L4.8.4
8.3
7 "9
7.5
6.7
5.9
5.5
5.1
5.1
5.1
5"0
5.0
5.0
5"0
5.0qn
5.0
5.0
5.0
4.9
4 "9
4.9
¿q
4.8
4.8
4.8
4 "7
4.6
4.6
4.5
4"4

444 .40
448.50
452 .60
456"70
s05.60
554" 50
603.40
6s2 " 30
609.22
566.15
523 .07
480 " 00
436 .92
415.03
393.14
37 !.25
349 .36
<? 7 4,7

329.96
322 .46
334.95
538.91
342 . 86
346 . 82
350 .7 7

354.73
357 .37
360.00
362 .64
36s " 27
367 "9r

14.
14.
14.
13.
11"
10.

5

5

2.

0

0

6
5
5
n

4
0
0
8

5

2

0
9
5

2

1
0
0

0
0
0
0
9
9
9
I
9

a

ö"
7.
7"
7"
6.
6.
6.
6.
5.
5.
5.
5.
5.
5"
5.
5.
5.
5.
4.
4.
4"
4.
4.

376.70
362 .49
348 .28
334 .07
337 .25
340 .44
343 .62
346. B1
566.15
385.49
404.84
424.18
443 .5?.
405.90
368 .26
330 .64
293 " 0I
255 " 38
268 .42
28r.46
294.50
292.92
29r.34
289 .7 5

2BB . L7
286.59
289 "23
29L. 87
295.50
297.r4
299 .7 8



Table H2. Temperature and
during the JulY
migration series.

230

articulate carbon 1eve1s
9-20 and August 1ó-17 vettical

p
1

July 19-20 August 16-17

Depth
(m)

Tem
("c

p
)

Part iculat e
Carbon (ue C L

Par t iculate
Carbon (ug C

-1 Tem
('c)

p
) L-1)

0

1
?

3
4
5

6
7
B

9
10
11
I2
13
I4
15
16
t7
18
19
20
22
23
24
LJ
26
27
2B
29
30

2r .9
2\"8

r/.o
17 .7
r7 .6
17 .5
L7 .4
17 .3
17.?.
15.1
9.4
8.6
7.7
7.3
6.8
6.3
5.8
5.3
5.1
4 "9
4"8
4.7
4.6
4.s
4.5
4.4
4.4
4.4
4.4
4.35
4.3
4.3

27.5
20 .9
20 .4
18.3
13.0
9.0
7 "B1)

6.9
6.6
6 "3
6.0
5.8
5.5
5.3
5"0
+ "9
4.8
4.7
4"6
4.5
4.5
4.4
AA

4"4
4.3
4 "3
4.3

223 .50
268 .53
3r3 .57
5s8.60
3BI .67
404.75
427 .82
450.90
424 .38
377.86
37 7.34
344 .82
318 " 50
300 .42
282.54
264 " 66
246 "7 8

228 " 9A
198.60
1ó8.50
158.00
166"96
181.44
195.92
2r0 .40
240 .32
270"24
300.16
350.08
360.00

325 .60
328.33
33r .07
333.80
366 .7 2

399. ós
432 .57
465.50
440 "14
4r4 .7 B

sgg .42
364 .66
338 .7 0

555. / +
328 .7 8

323 .82
3i8. B6
313.90
3L7.30
320 .7 0
303.10
zBZ .70
161 . 10
240 "L0
219.10
237 .68
2s6 .26
27 4.84
293 .42
512.00



ABUNDANCE

APPENDTX Ï

RATES OF DECLINE FOR DTACYCLOPS

rN WEST BLUE LAKE DURING L974

BICUSPIDATUS THOMASI
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Table I1" Abundance rates of decline for Diacyclops bicuspidatus in t¡lest Blue Lake
during I97 4.

S tat ion
Numer ical
Abundance

(In no. ind. n

13.4699
13.8046
13. 8489
13.7474
13. 8690
t3 .537 3
13.8545
13"1505
13.5383
13.3945
t3 .2669
13.0505
13.3813
13 " 5690
13.1548
L3 .6692
12 .7 05s
13.0017
12 .7 136
L2 .7 T86
12.6890
12 .7 249
t2 " 4831
12. s324
12. L637
12 .07 B6
Lr .97 93
12 .229 4
11.9111

T in.e

(days )

1 Ma.y 22
4
7

St at ion
Nume r ica I
Abundance

(ln no. ind. m

12.6985
r2.4208
12.86s6
12.1060
11.9998
11.3866
LL.167 4
11.8044

r2.1358
11.9083
11.4154
11.5849
10.1645
10.5679
10.45s1
9.9356

T ime

(days )

1 May 22
L4
2I
35
49
6B

91

May 22

')
-L

1-L
) )

32

10
L2
T4
I7
19
22
25
28
31
33
35
38
42
44
47
54
59
63
ó6
69
73
77
80
B7
94

105

42
5ó
70
84

100

4
t\)
(^¡
N)

I

1
T4
2B

5 12.
L2.
r2.
12.
11.
11.
11.
11.

6357
3551
3BOB
1530
247 5

r143
3093
254L

1 May 22
L4
2B
42
56
69
84
94



APPENDTX J

MORTALITY ESTTI{ATES OF DIACYCLOPS BICUSPIDATUS THOMASI

IN WEST BLUE LAKE

233



Table J1.

23 4'

Instantaneous mortality rates (descending
lirnb).

I97 2 Cohort 1

v \2

Cohort 2

Cohort 3

.376-.040x

.96
82.7, p<.05

May 17

050x

p =. 10-

June 13

0ct. 14

I4av 25

June 15

June 4

1
I

15
22
30
37
44
51
5B
b5
77

12.
11.
11.
1)

11.
11.
10.
10.
10.

9.
9.

7894
9 016
7 30r
1051
410 5

4651
9498
2807
249 4
4855
369 6

Day (X) ln Abundance N (y)

.24L-
-.79
10.3,

1
8

L4
2I

rr .9637
11. 5063
11.4490
11.5405

ï=
F=

Y=12r=
n-.tr-

y = 11
r=
El-

1

6Z
130
163

11.2086
r0 .67 64
9.3040
9.9441.784*.015x

-. 88
32.8, p..05

y = 11.488-.056x
r = -.80
F = 8.1, p..05

!97 4 Cohort 1

y = 13.469-.053x
r = -.91
P = 36.4, p<"05

I
3
6
Õ

10
13
15
1B

13.4056
13.1666
L3 .0827
13.1946
13.0603
13.0488
12.4334
12.4405
12 .345627

d iap aus e

1
3

10
15
19
22
25

Lr.3260
rr.3224
10.7969
10.6651
10.8164
10.7528

9.3397
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Table Jl. Continued.

I97 4 Cohort 2 June 24 Day (i) ln Abundance N (Y)

12"

-.7

y-1
r=
F_

Y = 11
1"=
F_

3.332-.054x
-.95
L32, p <.05

I
4
7

9

I2
19
24
2B
31
34
37
4L
44
51
5B
67

12
I2
I2
L2
L2
12
1')

11

13. 2055
9835
5302
4155
7 953
5 414
57 22
4962
4800
5598
624 4
??L?
Bs65
0890
4B6B
287 2

Cohort 3

@nter)

Cohort 3
( spr ingJ

Dec. 16

y=
r
F

.458-.113x
- " 90
13.0, p..05

11.
11.
11.
10.
10.
10.

9.

1
44
66

109

12 .387 0

11.8596
11.3581
10.1195

1
4
7

10
T2

17.2923
10.9198
r0.7907
10.6581
9.7906

04-0
.83
.2,

016x

p<.05

Mav 22
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CHAPMAN PRODUCTIVITY ß72 tsTATroNS z,s)
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2st

Table Kl. Chapman method of productivity - Cohort 1.

Date ind.
,)

No Biomass

(mgCm
Productivity

_) _ 1

(mg u rn day )

u Gw

(m
,)

l4ay 17 -30

J,ne 13-27

July 5-11

27732

51481

20938

. 058

. 004

3. 087

0 "302

101. 96

96.242

42.748

53.219

69 " 195

Table K2. Chapman nethod of productívity - Cohort 2.

ind
,)

Biomass

(ngCm
Productivity

_) -1tmgum oay )

BDate No Gw

2
(m

May L7-30

Jwte 13-27

July 3-11

July 18-25

August 8-25

August 22-29

.047

.028

.09ó

.02I

. 003

0.-s27

0.373

2.07 0

0. 435

0. 052

47 006

54376

4645L

21606

685 7

9r32

?,.7I8

11. 208

15.387

27 .736

L3.734

19. 100

6. 9ó3

13.333

21 .561

20.735

L6.4r2
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Table K3 Chapnan method of productivity - Cohort 5'

Date No. índ
-1(n)

Biomass
.)

(mgCn")
Bcw Productivity

a1

(me C ni -day ^)

July 18-25

August B-15

August 22-29

20199

30901

51 265

2.334

5.822

16.436

4.078

Lt.r29

0. 100

0.424

024

038
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CHAPMAN PRODUCTTVITY - r974 (STATIONS 2,5)
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ChaPrnan nethod of ProductivitY
- Cohort I

Gw

Table Ll'

Date

NlaY ZZ

Jtrne 4

June 18
(11-2s)

JulY 9-
(2-t6)

Table L2'

Date

No. ind.
-)[m)

tsr4L7

87098

30933

Biomass
1

(mgCm")

81.857

115.20ó

#.2L6

98. 53r

84. 210

39.2?'6

ProductivitY')--1--
(ng C ni daY

5.920

1. 600

0.392

B' 1.
)

.060

.019

.01

L2657 2s.236

ChaPman nethod of Produc tivitY - Cohort 2

No. ind
. -z-tfn )

Biomass
/1Ã(.ilIB t, tt'

z

B' GW ProductivitY,
(mg c *- 

Zduy- t)

May 22

June 4

Jurre 18
(11- 2s)

JulY 9.
(2-t6)

JILY 28-29

August 13

[e- 1ó)

August 25

Q0-zs)

51400

43247

r0r77 2

5.JJ¿

5.443

27 .502

4.387

L6.472

24.959

,040

.070

.020

0.175

1.144

0. 500

r.154
5 5208 zz.4L6 19"760 '058

r3888

10104

17 . r04

LB .27 ?'

17 .688

17 .064

.024

.01

0.425

0.171

7932 15.857
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Table L3. Chapman method of productivity - Cohort 3.

Date No. ind.
- - -r-[m)

Bionass
a

(mgCm")
BGw Productívíty

-2, -1
[ng u m day )

July 28

August 13
rg- 1 6'ì

23BzI

34526

37s68

2.964

5.278

6.7 49

4.T2I

6. 013

.013

. 014

055

084

Augus
(20-

t25
2s)
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PRODUCTIVITY ESTIIVIATED i{ITH THE RUSSIAN METHOD

AND BIOMASS DURTNG r972 AND r974 (STATIONS 2,5)
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Table Ml.

243

Daily productivity and biomass in L972
(stations 2,5) .

Dat e Production
-7 - 1(nreCm"day

Bionas s
_)¿\tmgLm ))

May 77

24

50

June 6

T3

20

27

July 3

Aug.

Oct.

Dec 
"

Feb.

Mar.

11

18

25

1

B

15

29

L4

r4*

20x

24x

7.

8.

13.

5.

9.

6.

4.

6.

4.

5.

4.

?

)

1.

1.

3"

0.

0.

0.

sB4

689

382

382

399

790

70r

927

175

7s4

446

963

93s

552

404

064

LBz

624

465

262.790

538.145

536 .972

427.813

418.868

300 .425

191 . 410

226 .227

110 " 565

r37.325

97 .253

72"554

79.485

44.210

48.097

7r2.225

44.798

27 .l-16

27 .260

* station 5 estimates.
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Table 142. Daily productivity and biomass tn I974 (stations 2,5).

Date Production

mg c nr 2 ð,uy-t mg N m-z ð.uy-' ng c m
_')
Biomass

-zngNm

May 16* 15. 833
4r.7 83
53.073
38. 153
3I.7 60

4. s06
r2.r29
15. 356
10. 978
9.230

01
92
B9
42
B4

43.032
131. 610
181. 845
159.821
175.659

161.1
490 .4
686 .4

22
25
2B

31
603.2
6LO ?

June

July ?.

4
7

I4
19
23
26
29

Aug. 2

6
9

16
23

Sep. 2

Oct. 19
Dec.16*
Jan.28*
Feb. 19*
¡lPr . i

2

4

7

9

L2
15
1B
2I

25
ZB

27 .773
20. 556
26.086
1s. 819
20.612
20. 003
16.92L
14.IT2
r0.239
26.r7 8

74.634

.996

.?.IB

.736

.7 30
a?o

. 809

.869

.183

.97 6

. B1B

.185

6
1

4
5

5

4
4
2

7

4

4
3

4
2

2

2

2

I

7 57 .785
570.319
7r5.673
477 .826
460.562
446.526
3S2.BZ3
317.101
2rB .460
554. 784
27r .0+4

204.930
L54.592
r93.229
Ir3.766
r22.033
r20.233
93.367
8s.290
58. 061

150.902
77.020

68. 596
75.208
83. 208
52 .657
50. 549
ac o /tñUJ. O+J
69.223
41 . 586

15
11
I4

B

9

8

5

q7 q

" 391
.7 00
.960
.315

a o^
" UOU

.350

.803

. 140

"348
.203
\)1

. 584
oa1

"()Jt
.464
.684

245.979
27 5.7 47
309.592
198.947
189. 520
)A^ "112

250. 385
154.556

5. 509
4. 089
s.476
2.852
3.360

1. 591
1. 184
0. 948
0. 790
1. 086

202.662
153. 700
116. 831
73.r97

107. 845

56. 036
43. 115
32.7 48
19.799
29.430

2.827
2.352
0.77s
0. 571
0. 918
0 .462

48. 116
148 . 563
23s.820
135. 295
102.698
32.639

LZ.7 59
40.801
68.874
39. s28
29.240
r0.r29

602
716
254
172
257
111

0.
0.
n

0.
0.
rì




