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\Derth-sﬁecific sampling in a small Quebec pond from Apfil to October

1977 revealed that instars of Daphnia pulex less than 1.41lmm in léngt;h

and instars of Diaptomus leptopus greater than 0.64mm in length consistently

LN

. N .
have distributions which are different from those of late instars of their

-~ B i

predator Chaoborus americanus. Exp&z:iments were done to determine to what,

extent these distributions affect the rate of predation by Chaoborus.

H

Vertical and horizontal 25 }itre cages 1.4m long and small 2.5 litre cages, i

all contai;xing Chacborus—-prey pairs, were introduced into a second‘pond for 4

3 day periods weekly from July to September. Predation rates in vertical
. o .

cages were consider'ably lower than those in sm\Qll and horizontal cage .

experiments. These results suggesé that distributions of Diaptomus fmd small

. Daphnia in vertical cages reduced predation on them by Chaoborus. Where

.
20 o i eeue, A

-overlap of predator and}ey is increased, 1.e. horizontal and small cages,’

predation by Chacborus is higher. Cooccurrence of a sﬁ:all crustacean zoo-
. . »
plankter at low to moderate densities with a large invertebrate predator

in a shallow water body may often be precarious without some degree of

spatilal separation of preda'tor and prey.

.
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INTRODUCTION oo .

. The research presented in this baper concerns mainly:

(1) the vertical distributions of pelagic crustacean zooplankton and their

o«
main predators,

(2) the effect gf vertical distributions on rates of predéﬁion hence the

& .
e

abundance of prey populationms,

(3) and various consequences of (1) and (2) in terms of zooplankton ) -

a

— -

¢community structures
in relativelf shallow water bodies. I had chosen to study predation because
it is one of the functional ecological mechanisms most often considered

to generate the structure and dynamics of zooplankton communitie3°?e.g.
’ \

Brooks and Dodson,1965). I.had chosen to étudy predation in relation to
vertical distributions in relatively shallow water ygdies because this

aspect has not been adequately considered in them, éven' though most

-

"hypotheses concerning predation on zooplankton have originated from -

* gtudies of it in such systems.

~

To orient the reader, background information on this area of study is

presented under THEORY. In that section, I first present current general
N e - .
concepts with respect to predation ( vertebrate and invertebgate) on
’ ' . . ) )
pelagic crustackan zooplankton, mainly in terms of .effects on the dis-

tribution and abundance of species of different sizes and behaviors: The

aspect of vertical distributions and some effects on predater—-prey relations

&

is.then introduced. After THEORY, the actual questions which I asked are
. N \

presented (see QUESTIONS ASKED).
@ . / .
The section RESULTS AND INTERPRETATIONS is organized primarily around

‘the answers tb my questions, but,the general temporal relations of the:
* - !

pelagic zobélank;on of Hill Pond, the system which I chose to work om, .
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.
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are presented first. Hopefully ', these g/eneral relationships will put

the answers to the questions more into perspective with respect to the
}l ¢ s . . ' , . ' *
zooplankton community there. ‘_’Tpe most general aspects of Hill Pond

and its environs are presented beforehand under STUDY AREA.

-

Finaily; it may help the Yeader if I review the basic life histories

of the three main Arthropod groups: copepods, cladocerans and chaoborids,

‘e . N * -—

he will encounter through out this paper. Copepods generally have thirteen

-
I3

. X
life stages, the first of which is the egg. Eggs are deposited in an
o v , 1

gk ’

exterhal "sac", which may be carried and then dropped, or dropped almost
] o
immediately. The next eleven ‘stages are larval stages. .Each of th first

. ’

six is termed a ‘hauplius, and each of the last five'is termed 'a copepodite.
- ¥ 4

It is in the initial copgpbdite stage phath the mor;:hology of the organism

first resembles that of an adult, the thirteenth stage.

The number of stages or ins,éars, both immature and reproductive, .in

the Cladocera is more variable. In Daphnia there are ftom three to six
- immature instars and perhaps as many as twenty reproductive inst’q,rs. All

.

instars of Daphnia have the same general morphology. Eggs are generally
‘carried fo_r a'}:ime in a dorsal brood pouch, and it is“here that the

young may develop. Most of the informatioh .in this and the preceeding .

- N . ) ;‘);
paragraph comes from Hutchinson (1967). .

- ' A}

' Chaoborus usually has four larval instars and a ‘pupal stage, all

aquatic (e.g. 'Fenzorenko and Swift, 1922). The adults, flying insect's’,
emerge to mate and rreprod‘uce. ‘Eggs are laid on the jsurface of the water.

The l‘lfe ‘cycle 1is generally ome year (the organism overwinters in the

-

fourth larval, stage), although some species e.g. C.trivittatugjhave !
s . v -

been found to have a two year cycle. In the latter, the organism spends

-~

» -~

two winters (apd° the intervening time) as a fourth inatar'larvae.

t - .

-
»
o <o e S AN,
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. - THEORY - -
. 1

Predation on pelagic crustacean zooplankton.

L

Predation by ffsh. v ; >

e I 4

*

In this section I cc;ncentrate on fish predation mainly in terx;xs of
its effect on the distribution and abundance of zo;)plankton species of
different sizes and behaviors. )

The w\ork of Brobtks and Dodson (1965) on the plankton of nine small
Connecticut lakes and ponds provided impetus to the study of' mechanisms

generating the structure and dyn;ulig/o(/plankton commmities. They

found that small crustacean ZOOp}ankters such as Bosmina longirostris,

rather than larger crust'aceaar'l zooplankters of the genera Daphnia and -

) A Y . \ \
Diaptomus, werethe most abundant zooplankters in the presence of
v ' . . ‘ .

A .
pl'ank;:ivorous alewives (Alosa aestivalis, A. pseudohdrengus). Large

¥

s e T

invertebrate predators such as Leptodora kindtii, Epischura nordenskioldi
v -—? L

and Mesocyclop_s.edax were also among the zooplankton generally absent
from lakes containing'l-&losa. Larger zooplankters were the most ab'undarﬂxt 3

[ . .
in the absence of piscine planktivores. Brooks and Dodson stated that
v ‘ ,
the modal size in the presence of Alosa was 0.285mwm, whereas the modal 3
‘ , - ' - .

size in the absence of Alosa was 0.785mm. They concluded that the absence

of large zooplankters was the result of intensive predation by alewives. : .
The)".also suggested that in the« presence of such a predator, large
. . y .
zo?éplaﬁkters are’ 1ikely to be eaten before they reach reproductive age.
3 . J .4

L]

Brooks and Mdson also noted that other factors must also be con-

. . @
* gidered because, for example, Diaptomus minutus and not Cyclops A .

bicuspidatus was eliminated from lakes containing Alosa;even'though the

smallest female instars of both species were of similar size.

Gailbraith (1967) investigated the influence of zooplankter prey

o




. . - 8

size on predation by rainbow trout (Salmo gairdneri)and yellow perch

N

(Perca flavescens). He measured the length of the carapace of prey

found in the stomachs of the fish, then compared these lengths with

P4

the size range of the zooplankters found in the two Michigan lakes from
which he took.t‘he fish. He discovered that both species ate mainly

* Daphnia and that 96% of the Da'E.hnia in trout guts and 82% of those in
perch gut.:s exceeded 1.3mm, even though half the Daphnia taken ‘from the
lalu-a at th'e time of the comparison weré lessg than 1.3mm in length.

) | ) | Gailbraith also,com;'mred the width of the spacg,betwéen the gill
rakers in .the trout to the length of the zooplankters found in the
stomac':hs. Although the zooplankters found in the sto'glich were gér;erdlly

. _ ‘ greater than 1.3mm in length, approximately half of the intervals
’ ' between the glll rakers were less than 1:1mm. Only Daphnia longer than
1.3mm wgre‘found in th'e guts of trout that had been observed feeding on
' Dapt;nia. He concluded that both species must haye attively selected >
for large prey organisms since indiscriminate seiving'would have
provided .the‘fish“with a ‘greater r.u'nnber of animals between 1:1 and”i.3mm
in length. R ‘ . ' ‘ . ;
. : Gailbraith also noted a trend towards smaller zooplankton species *

:
¢
Ll 1

in Sporley Lake, Michigan, after the introduction of trout in 1959, T

Prior to 1960 Daphhia pulex, a relatively large zooplankter, had been
A

abundant, but by 1961 few D. pulex attained maturity. Only a‘few re-

producing individuals were found at th;t time, having a mean size of
1.2mm, just below the minimum size at which they would fully interest

trout. This size was considerably smaller than 1.8mm , the mean size at

Y N

. . . .
. maturity prior to 1960. Smaller Daphnia species appeared, but these too ! J‘
declined in abundance by 1964. By this time populations of the small |

cladoceran Bosmina and ‘other species had become established.Some Daphnia

F \.
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persisted but they were not abindant.

Brooks (1968) provided size selection data for Alosa pseudoharengus.
His approach was to Investigate size specific survival of zooplankters

"-in the présence of Aloga, rather than zooplankter mortality as a result

3t T

- - ' of piscine predation. Zo plankton from Bashan Lake, which did not
. ) R

contain alewives, were introduced into a 250 1. aquarium containing a .

s
ok

séhoo@ of foung'Alésa, and the remaining zooplankton were gampled'at
Lo fifteen minute intervals thereafter over a one hour period. Large Daphnia

were consumed immediately hence Brooks used Diaptomus minutus as his

indicator species. He compared times to 55Z mortality for each Diaptomus
life (size) stage and found that predation was inversely proportional to

length. As expected, Alosa readily ate prey which were mﬁFh smaller than

/
the smallest prey eaten by trout and perch.

"Brooks then quantified further the relationship between prey size, i

\

and "predator interest", He determined predator interest for trout and

i

perch from the data of Gailbraith (1967) by comparing the number of
stomachs conﬁaining various sizes of Daphnia to a standard number of

stomachs containing Daphnia 1.9mm long. For Alosa (feeding on Q,miﬁutus)

* he used as his interest index the following relationship (my formulation):

TS DN .

. , -1
G I= t, ot ;

' ' | ;

where I was the Index of interest and t, and t, were the times to 55% : i
mortality for a particular immature lifestage and adults'respectively. \\\\ :

These comparisons were then expressed as percents . Trout and perch had
much more restricted zooplankton diets (restricted interest) than Alosa

(sustained interest). The use of the phrase sustained interest by Brooks

was of course relative; although Salmo and Perca lost interest in prey

) . which were less than 1.5 and 1.3mm long respectively, Alqsa eventually

4
.

L ]
iy




began to lose interest in prey which were less than0.7mm long. If an °

" Alosa population in a small system did not lose interest, it would .

4
probably reduce.its zooplankton prey to such an extent that the Alosa

“ L]
population would be jeporadized by a lack of food. However, Alosa

. 4

continued to take zooplankton prey down to at least 0.2mm in size in

~

"Brooks experiment, and had to do so in the Connecticut lakes of Brooks

and Dodson (1965) because there was little else of %arger size to sustain

the Alosa population. 'In contrast, Salmo and Perca switched to prey other’

‘than zooplankton at zooplankton,prey‘sizes less than 1.5 and 1.3mm

respectively.
- * Hence, Brooks (1968) categorized species having sustained interest
as obligate pla;xktivores and those having restricted interest and the
ability to_quickly swiéch as facultative. Whereas most fresh water
planktivores appear facultative, Aloga 1s not. Brooks (1968) attributed
Alosa's ;bligate mode of feeding t its pelagi; marine background where
there was little food other than plankton. Clearly, an’obligate planktivore
will have the most dramatic effect‘on the compos;ti¥n of the zooplankton;
only the smallest of zooplankters can survive in the proximity of such
feeders, unless the system is large. Small p;p ‘ations of large
zooplankters can persist with facultative plankti?ores in smaller systems.
v
Predation by other yertegrates.
Other vertebrates also eat zooplankton; salamanders, for example,
are often important in small;r aquatic systems. Salamanders are ambgsh
predators which wait for or slowly stalk prey, whereas fish,which#re
much more motile,generally search for pfey. Salamanders prefer even larger

1

prey than facultative fish planktivores.
. .

9
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Aquatic‘mammals, such as baleen whales, also eat zooplankéon in the

oceans, but ligtle quantitative data existé‘on this subject.

The classification "vertebrate predation" may be inaccurate. Young

4

* or small cephalopods and other invertebrates with well developed eyes

|
i
!

may prey on zooplankton, in which case the classification “visual

t
“ .

predation” would be more appropriate.

-

L]

Predation by zooplankton.

The wosﬁudf Fryer (1957) on the food of certain fresh water copepods
provided some of the impetus to the study of predation by zboplankton on
other zooplankton. Hall (1964) did not determine rates of predation by

-predaceous zooplankters in Baseline Laké, but suggested that the average
. L4

summer loss:rate of 28% d-l for Daphnia galeata mendotae was primarily

a result of predation. The predators Hall mentioned included Leptodora

) . v _ ‘
which reached densities of 13 per 100 1. in midsummer in 1961, and

Y

Chaocborus, the densities of which were not determined. The results of
gut analysés showed that the fish present in Baseline Lake did not

feed exteﬁéivei& on D. galeata.These observations formed the basis of

b

his suggéstion above.

Brooks and Dodson (1965) stated that predation by invertebrates

could be significant in some lakes but they did not think it to be as

R

important as fish predation. Hall et al. (1970) also thought fish -

predation to be more important than invertebrate predation. Many
’ i

studies,some of which were reviewed by Hall 55_gl.(1976),have,suggested'

otherwise. ) -
o Anderson (1967) found that Diaptomus shoshone ate from 4 to 9
Disptomus tyrelli predator"1 d-1 depending on the lighi and temperature

-

conditions. He did not say whether the latter were adults but did state

B
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ey

. representative of highly motile zooplankton predators, were woracious

_ 12
] v 2
that only smalleflg.txrelli were taken by@g.shoshone (late copepodites?)
L —

and that most eggs:’and perhaps most egg—béaring females, escaped predation.

« -

Anderson (1970) found that Q.Bhoshone could eat as many as 12.3 prey (less

’
, {
.thaﬁ/VO.Qm'm long) predator-ld-l, and that D. ghoshone preferred copepods' }
to cladocerans. Maly (1976) also found D. shoshone to be a voracious - !
predagggs Copepodites IV through adult ate small diaptéﬁid copepodites to
! . . *
some extent, but ate D. coloradensis nauplii at a hlgh rate when nauplii . . /g

were alone or when the nauplii were offered amongst a selectioQ of other

zoop lankton. Diaptomus‘shoshone.has also been found to be abundant. Dodéén\ {
0y L o
(1970) found it to be present at least part of the summer ip iS of 15
>N, . :
mountain ponds, and present all summer in all.of 9 more ponds. . .

Confer (1971) found that Mesocyclops edax could eat as many as 1.30

Diaptomus floridanus copepodites predator_ld—l, and that Mesocyclops
\

preferred D. floridanus to Daphnia ambigua. Mesocyclops also preyed on

the gmaller copepodites. No nauplii were made available to Confer's
Mesocyclops, which might have selected more for naupliil than copepodites

had they been present.

[ - «
Like Diaptomus shoshone, both Mesocyclops edax an1 Cyclops Bicquidatus
. 2 *
(another copepod predator, McQueen,1969) have been found to be abundant.

Patalas (1971) found the latter two to be among the six mostﬁwidely distrib- )
uted and abundant zooplankton in 45 Ontario Lakes.

Confer and Bladeg (1975) foundtha% Epischura lacustris: also a wide-

spread genus, could eﬁt as many as 2.2 nauplii or 1.9 small copepodites .

(0.34 to 0.54mm long) of Diaptomus sicilis predator-ld—l. !

~ Thus, several studies showed that predatory freshwater copepods,

predators and selected for the smaller life stages of their preferred prey

- .
species , often copepods. Dodsan (1974a) consolidated these findings and
[}

"
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Prépo-se]r_d that, in general, invertebrate predators select’' small prey. He

Le . [

found that Daphnia minnehaha was excluded from experimental cages after

-

one month Oby _itE;, predator there, Diaptomus shoshone; f)ayhnia miqnehaha,
N ; .
although of intermediafe’ size, was small relative to most.of the prey
zooplankters t'fxat vere av;lilable to 2 shoshone in the cages.

Dodson (1975)wfom;nd zooplapkton predation to {)e very important in '_shallow
-arctic ponds, but that the zooplankton communities were‘ﬁuch more complex

than temperate pond zooplankton communities. The- trophic structure was not

hierarchial. He found that Acanthocyclops vernalis produced eggs while

eating Heterocope, and a few weeks later Heterocope matured on a diet of

A. vernalis nauplii.
's

The predators which 1've discussed so far in this section have all been

found to be highly motile. Diaptomus shoshone, for example,exhibited short

bursts of rapid swimming with coasting between the bursts,as opposed to the

smoot;her,slower swimming exhibited. by the small herbivore Diaptomus tyrelli
(Anderson,1967) ‘ '
A‘mbfxsh predators e.g.’ the phantom midge,Chaoboru‘s,have also been found to
occur in the zooplankton.Dodson (1970) foun‘d that C.flavicans could eat as
many as 4.4 small daphnids predator':i]'d"l and C.nyblaei could eat 3.9 ‘of the
same predatc;r_ld—l,although at highl daphnid densities. Sprules (1972) found C.

americanus to be a voracious predator,but that it preferred ‘copepods when they

were presented to Chaoborus in the same vessel.

Fedorenko (1975b) found that Chaoborus americanus and C.trivittatus ‘were

significant predators on a variety of zoopalnkters.For example,fourth instar

Chaoborus of both species could eat over 20 small Diéptomus tyrelldi predator-ld—

albeit at highD. éxrell’i concentrations of 60 to 80 1._1. References to Chaeborus by

these and many other authors (e.g. Lance, 1974) indicated that Chaoborus were also
-, \
widespread.

Dodson (1970) proposed that an invertebrqté predator in the zooplankton

>

. ' ¢

1
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" the neotenic form of the salamander Ambystoma tigrinum in deep sub-

! C. : * 14

’

was a "dependent" predator, which relied for its existence on the

presence of a highly selective vertebrate predator. He Jhggested that

alpine ponds excluded its preferred (larger) food items, thus favouring
the presence of suboptimal (smaller) prey which were the.,preferred food

of his dependent predator Chaoborus americanus. He also suggested that

the suboptimal (to the vertebrate predator) prey species were the gnly
suitable prey species for the dgpende;t predator. This logic contra-
dicted his Fmst‘imﬁbrtané findings, but the contradiction was concealed
by the organisms he chose to discuss as prey to Ambystoma. In his”gpudy,
. ‘ .
which lasted ten weeks, he considered only Daphnia as prey to Ambystoma,
although gut analysis showed that plankton were the major food of
Ambystoma only during the first few weeks of develépment. After that
Ambzstfoma ate mait;ly insect larvae (particulal:ly Chaoborus larvae) and
amphipods. This observation suégests that Dodson's selective predator,

Ambystoma, should have eliminated Chabborus his dependent predator.

Sprules (1972) data support this contention; he found that one neotenic

. Ambystoma removed 8 fourth-instar Chaoborus in half a day at the rel-

1 in 40 1. aquaria in the

atively low Chacborus density of 0.25 1.”
laboratory. However Ambystoma did not eliminate Chaoborus in the 'deep
subalpine ponds stu&ied,by Dodson (1970) and Sprules (1972). I return to
this problem in the DISCUSSION.

"Reseachers have’ also observed Chaoborhs populations in Lakés with-

out vertebrate predators. Swift and Fedqrenko.(1972) found populations

of Chaoﬁsrus americanus and C. trivittatus in fishless Eunice Lake in

s

British Columbia, and Pope et al.(1973) found that fishless lakes in

the Matemek River systems in Quebec contained abundant Chaoborus .

R
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Confer and Blades (1975) proposed what' some people might consider an
alternative to Dodson's (1970) second predatory dependency hypothesis.
|
"Since predacioua zooplankton (also prey to fish)‘are much’
larger and more visible to the fish than their own (the.
fishes') prey, this more than compensates for the energy .,
lost by the additional trophic level and the mdderate T
ability of predacious zooplankton to elude captﬂ& "
(Confer and Blades,1975)

Thus, the success of the vertebrate predator could depend more on the

presence of an invertebrate predator. The work of‘Davis (1976) on Hogan's

. Pond supported this contention. Davis found that the 1973 year class of

the stickleback in Hogan 8 Pond had developed ﬁhen there was an unusually.

1arge standing crop of Epischura. He also concluded that the 1973 year
class of the stickleback was an extremely successful one because of the )
number of stickleback adults teken (presumably by him)in 1974. It may
have been that eurvival of tne stickleback juveniles in 1973 was
greatly enhanced. because there were so many optimal prey that year.

The hypotheses of Dodson (1970) and Confer and Blades (1975) I return
to in the DISCUSSION.

Gerritsen and Strickler (19?7) proposed that the presence of Eastes.
moving potential prey allowed the existence of secondary ambush predators

such as Chaoborus. Diaptomus coloradensis and Dephnia rosea, both small

®

and slow moving (relative to Diaptomus shoshone, for example), have bten

i N
found to be the only prey available. to Chacborus in the deep subalpine
ponds of Sprules (1972) and others. Thus, the generalization of Gerritsen

and Strickler (1977) was exaggerated. ’

'

This concludes my discudsion of predatiou=per se. Again, I have

!

restricted it mainly to the effects of predation on the distribution and

[

abundance of’trustdeean zooplankton speclies of different sizes and

behaviors. Other topics, such as eyclomorphosis and polymorphism

P
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(incltlding’ intfaspegific variation in the size at which females n;ature)
in cl;adoceran prey species, have been related to predation by both
veg:te{:raté and invertebrate predator; but are beyond the scope of t:t;is
paper! (see Brooks,;96b1966,1968;'Jacobs,1965,1966; Green,1967; Zaret,

1’969,}972a,b; Dodson,1974b; Zaret and Kerfoot,1975; Kerfoot,1975,1977a,

b,1978 and others). °* o ,
. /
Vertical distributions: effects on predation. \ .
Spatial considerations are extremely important in dealing with .

aquatic systems. In the:last séct:l.on I introduced épace in the sense of -
the whole system. It 18 possible to subdivide this system horizontally

4 or vertically. On a horizontal plaxi;, one can define pelagic and littoral .

¥,
h’abitats; on a vertical plane, one can define strata of water of
fliffering physical, chemical and or biological characteristics. In this

‘section, I discuss movement of pelagic organisms.in a vertical plane.
/( s . - ‘ .
i Fish. !
L8 3 i}
Vertical distributions of fish have been extensively studied, often
with respect tb their prey. Roger and Grandperrin (1976) considered the

"gpace~time components'" of trophic interactions in the pelagfc tropical

Pacific in relation to_energy transfer. To do this, they examined

« vertical distributions, wertical migrations, stomach contents and w
feeding rhy thms of successive links of a pelagic food chain. The
problem was relatively easy to analyse because many of the species did

not migrate outside certain strata, the space scale over which they’ .
. ' .
worked was large (depth intervals of 450 metres), and the fact that

“

they were only interested in the number of animalg of a species eaten ’

by a second species between each trophic level. Roger and Grandperrin

t
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found that tuna ((Thunnus alalunga, T. albacares)and their prey,,

micronektonic fish,/were epipelagic. They‘ remained above 450 metreAs,'

and fed only during thé day". The prey of the micronektonic fish, mai:nly .

-, the euphausid Stylocheiron were also epipelagic and fed during the day.
Thus, this segment of the food chain did not t;en.(af;t from the large

biomass of the migrating -micronektonic fish (e.g. Myctophidae) and

[‘
euphausids (Euphausia, Thysanopoda) which came up only at night. The

—

latter fed on ‘epipelagiégﬁr , and ~wex:e either nocturnal or continuous
N .

feeders (with respect tog'.’ e continuous, theyymay have been feeding

below as well). Thus, the resultant of energy transfer through this

“©

chain was towards the bottom,
Begg (1976) explored the relationship between the diurnal movements

of the sardine Limnothrissa miodon and some of the zooplanki:on in Lake

Kariba, Rhodesia, He found that the sardines spent most of the day, and
the middle of the night, between 12 and 25 metres as a shoal, although
they sometimes went deeper during the day if there was enough 02. At

dusk and at dawn they scattered at the surface. Bosmina longirostria,

the major prey of the sardine in Lake Kariba, spent most of the day in
deep waters. Bosmina came to the surface only in the middle of the night,
and descended long before dawn. When 02 was low Bbsmina .stopped above
the thermocline. Since Limnothrissa dsitributed in 2 manner different
from Bosmina during sevenal periods over the course of a day, migration
of fish and food organisms were probably independent repbnses< to light
intensity stimuli. The fish simply fed on Bosmina whenever they met,
uépally at night. Although planktivorous fish were known to be visual
feeders L.miodon fed on BBsm:Lna during both the day and the'night; Begg

did not know how L.miodon selected Bosmina in the dark.

a
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- over which fish can move and the speed with which they can do so.

.- : : 18

There are instancea'where vertical dist:ribut:iqna should have been
given more consideration. Brooks and Dodson (1965) emphasized that Alosa

eliminated the larger zooplankton from many of the Connecticut lakes,

but only gave passing reference to the continued existence of Senecella

~ .
calanoides below 80 metres in Lake Cayuga, New York, which contained

°

Alosa. .

de

No one seems to have documented studiés where the vegtical distribu-
. ’ “

tions of fish, in relation to thosle of their prey, have been monitored
f o

or manipulabted experimentally, probably because of the great distances

)

. '
. . o

Zooplankton.

Many investigators have found different zooplankters to have different

vertical distributions in the water column (e.g. Raymont,1963) .Few

invest’igators have incorporated consideration of vertical distributions
) . .

into zooplankton predation studies. Confer (1971) stated that the

predator Mesocyclops edax and its prey Diaptomus floridanus had similar

-

distributions in the water column in Anderson-Cue Lake. Begg (1976)

found Mesocyclops leukartii to be generally below 20 metres during the

. b ]
day in Lake Kariba, hut that they rose to the surface at night ‘where

potential prey e.g.- rotifer&o‘ were generallg,,fgund. i

l;earre (1973) and Fedorenko (1975a,b) pres.ent.ed two of the most -
complete studies incorporating vertical distribution and zooplankton
predation. Pearre worked with the chaetognath Sagitta elegans, an ﬁmbpsh

predator (Gerritsen and Strickler,1977), in ﬁedford Basin, Nova Scotia.

From his analysis of feeding behavior Pearre concluded that Sagitta e

¥ .
underwent extensive vertical migration and that it could not have been

detected from distributional data alome. Apparently time spent in the

oo

dibs

- sman
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- maximum spatial overlap between predator and prey. This oc.:cm}red at night

" 1in ghallow waters, even though it has béen known sinée the turn of the

' B 19 o
upper waters was only concerned with hunting and was "short. Because of e

rapid turnover of-large Sagitta in the surface yate‘rs, they . . :
never contaiped a large standing popuq.ation. In such a case, if only a

few members of the popula’f't;n were éngaged in migrgtory activity at any f
time real migrations would appear to be essentially stationary modes )

and there would be no need for a significant nighttime shallow mode. .
Zvl’e;arre's data do show a slight dec;:'ease in the depth of the mode of J
Sagitta at night, when more Sagitta were found with prey in the guts,

3

most of which were surface living copepods.

o

n

\Fedorenko '(19758),worked with Chaoborus americanug and €. trivittatus.
ix;’ Eunice Lalke,‘ British Columbia, and found that the diet was determined . .
largely _b; spatial availagbility of prey, although prey pize placed an ‘
ultimaté limit on vixlnerability. For, exampl;;.,t:he most diver;;e dié; was
that of '.fourth instar larvae, particularly Téo (fourtfx instar Chaoborus
trivitta‘tus in their se‘cond year) Becausé they could handle nearly ali |
prey sizes a.nd encountered all prey types in their extensi\{e, diel

vertical migrations. Also, the dieil feeding activity of T4o on Dia‘gtomus ”

kehai and on Bosmina (the main prey of Téo) was highest ét the time of
L 4

o [e’.
L] . ~

in the case of T4o. .’
Fedorenko (1\')5b) also calculated the number of each particular prey

type removed by al/larva]: instar from any depth zone. She myltiplied the

e s,

density of the predator at that depth by the predator's feeding rate at

N .
the prey density found there. This calculation was done in her estimation

<

\ .
of th}e predation impact of Chao’,borus larvae in Lake E\mice.~

Few investigators have considered vertical distribu}:ions of zooplankters .

-

@

century (Fordyce,1900), if not beéfore, that zooplankton in such ay"gtei\s
<~ '
- .
. . C9
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. randomly (oiI evenly) and, within species, had similar biologies (e.g.

-of zooplankters: in relation to vertical distributions, e;xd in artificial

. observed what appeared to be (they may not have been, see belaw) opposite I

20
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can’' have‘particular ve;ticé'l_‘) distributions. Dumont '(1972) is the only
. L}

investigator T know of to have considered the above with respect to

functional relationships; he interpreted reverse vertical migrations

of several zooplankters in Lake ‘Donk, Belgi%'to be mechanisms to avoid
. [ . R

interspecific competition for space: More will be said of this study
below. Nobody I know of has considered predation with respect to vertical

P

distributions of zooplankton in relatively shallow systems, a serious

[ ‘
omission. Dodson (1970,1974a), for ‘example, proposed two hypotheses
congerning zooplankton predation in generei‘as a result of: work dor;e on !

alpine dnd subalpine ponds. However, in both studies he took all his

quantitative samples at mid-depth. With respect to the whole water column,

this procedure would have been adequate only if all tmls dzistributed

body) sizes behayiors) throughout the coludin. : .

Dumont (1972) is the only investigatox’%k::w of who has attémpted !

t v

to experiment, ‘albeit inadequately, with functional ecological mechanisms

water columns which approached the Bca],§3 of the ‘natural water column

oy : - ot
from which the-.zooplankters tested were taken. Although he was concerned

-

with competition, I deal with his study extensively here ma«'rly because

he may in fact have been studying predator-prey interactions. He first ]

2

patterns of migration in Bosmina sp. (spp?) and the rotifer Asplanchna

priodontd, {i.e, Bosmina seemed to migrate up at night and downlduring

the day, while Asplanchna seemed, to do the reverse, in Lake Donk (maximum

depth, 3 2m) in 1964 and early 1965. He thought that by doing this tH¢

.

. two species were avoiding,cc’mpetition‘with one another for space. In an .
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attempt‘to test his idea he buillt two plexigyasa columns 2.5m long,

. 7 .
wyich he placed in a vertical position in Lake Qonk. He then enclosed
c3 _ﬁ ‘ -

a'"pair" of supposedly competitive zooplankton "species" in the tubes

‘ for 24 to 48 hours on thrée'differént occasions, twice in 1966 and once

.

in’ 1967. The first two pairs consisted of unidentified Daphnia and

cyclopoid species, while the third pair consisted of Asplanchna priodonta

°

and cyclopoid copepods of which the most numerous was Cyclops vicinus

" vicinus. The densities of experimental animals in-the columns we;e

gomewhat -greater than’their‘densities in the lake (the control). The

distributions of the animals were (partially;see below) monitored via

- - 'sampling 1in both the columns and the lake over the experimental periods,

. .
N and he implied tﬁat a significant difference between the Tgartial)

vertical distributions of paired groups was proof of competition between
-~ .

g

. ¥ them.

. D;mont's (1972) experimentgl design was inadeﬁuate. Xn observatién
alo;e that‘tqp spécies may have occupied different portions of a water )
' s column was by his own admissioﬁ, not enough to confirm that the species ’
\ ) . A
‘ SR 5 . guestioé were competing; a diffefence in any 6ne of several physical,

chemical or biological factors to which one spgcies was adapted. and the

other species was not could have caused a difference in distributions.
However, confinement of test pairs which supposedly competed for vertical T f
£ ' space to'just a'vertical column(s), as Dumont did, Q}d not test his

g\ ' hypothesis. In vertical columns , the organisms could have distributed,
? exactly as they did outside the cages (provided of course that:aﬁy other .
{ .

environmental parameters essential to the wellbeing of the animals were

o

‘ ' not substantially altered). The animals were not placed in a.gituation-
g
L \ . - S ——— . - :

: ~ " where the évailability of the resource, there space, was (more) limiting, ’
. \

. o
' vhere one might have expected one or both groups to show some quersg

“«
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. gsee QUESTIONS).

R

.effect as a result of the resource limitation if the groups were

(‘
competing. Several ways in which he coald have restricted the groups to

-

the same stratum of the water column would have been to use small cages

-

or to have placed long cages in a horizontal postition (as I have done;.

¢

Dumont increased the density of the two groups in the tubes relative

to their densities in the 1ak;, in an attempt 'to increase the dichotomy
between the migration patterns of the groups being tested. Increasing

the densities to emhance other effects of competition might have been
acceptable if he had used small or ho;izontal cages as suggested, above
(providea interspecifi; co&petition was more important than intraspecific
Fompetition). Misinterpretation‘of results (interspecifié comgetition
for vertical space) coudd be the consequence of increasing animal

-

densities in vertical cages. Since the organisms in Dumént's cages could
;till have migrated: ani@als might have aggregated mainly in their
respective.ends of the tubes and suffered (increased) intragroupl
competition. \

There are many other problems with Dumont's (1972) work. Ae I've

alluded to previously, it is not possible to form an adequate piptute

of the depth distributions of the animals for which results were reported.

The reason: altﬁough his experimental columns were 2.50m deep, ahd‘the
reported dépthé of sampling statiops were 1.30 and 2.25m, he only
samfled Qt points 0.20m above the bottomt and 0.20m below the surface
(except on one occasion, when he found a relatively uniform distribution

in the cyclopoids present). Obviously the animals in most of the water

'
a

column were unaccounted for. Apparent migrations over the period of the
L3

whole study were variable,particularly thpse of the cyclopoids. Perhaps

Y

.

.

‘
\ !
X
'
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o the inadequate sampling design was responsible for some of the variability.
A second problem is that, although the apparent opposite patterns of

~ migration observed in the field were strongest in Bosmina and Asplanchna,

Bosmina was not among the species tested, aqd Asplanchna was used omly )
in the last of the three experiments. A'third problem is that many of the
animals were not identified as to species. The use of several‘species , g
in each half of a test pair may ‘have caused some of the variability in
his re.sults. Finally, his experiments lasted only 24 to 28 hours, too
short for zooplankton competition experiments even if hig design had
been adequate. '

In Dumont's (1972) first experiment‘, both groups decIined drastically'
in relative abundance over pe{iods lesg than twelve hours, possibly as

a result of 02 depletion. Oxygen levels were low in the lake at the time

and the solid container walls would haye prevented lateral mixing of

-

lake water, albeit poorly oxygenated, with 02 depleted container water.

Dumont used fewer animals in his second experiment because of similar

’

PR S R S

2

0, conditions.. In his third experiment both groups used also exhibited " J
mortality, particularly Asplanchna. Apparently Ehe water was well

pxygenatéd,.so asphyxia could not be used to explain the patterns and X

mortality there. 1

[y

A fact (other. than asphyxia) that could have explained Dumont's

el 0T

results, particularly those of his third experiment, was that all the

- £

‘predomingnt cyclopoids Dv:nnontvfound in Lake Donk, hence,thoée vhich he

used in his experiments: Acanthogyclgpp r&bustus, Mesocyclops leukarti

and Cyclops vicinus, have been described elgewhere as voracious predators

of zooplankton (g.g. Fryer,1957). Dumont did identify Cyclops vicinus
as being the dominant cyclopoid in his third experiment; Oliva and .

Sladacek (1950; c':iaed_ in Fryer,1957) described C. vicinus as ‘attacking




4T IRV B e ey - -

24 .

even axolotl salamanders 2.0cm long. It is incoﬁceivable that Dumont did

not recognize this fact i.e. that he was using predator-prey groups rather

th%hﬁcompetitors, especially in light of the observation below that he

made in the laboratory. ' /

| "Repeatedly it was seen how some Cyclops clashed with ,
Asplanchna. Frequently, the weak integument of the

latter was hereby so damaged that death followed quickly."
. (Dumont,1972)

Other observations could have been used to support the predation conclusion.
Dumont cbserved significant mortality,‘particularly of non-cyclopoids,

in experiments one and three, where the densities of the zooplankters

were greatest. In both £ases the mortality of the non-cyclopoids prec;eded
the mortality of the cyclopoiﬁs. In one cage in experiment three the
fﬁnction of the decrease in density of Asplanchna was a negative
exponential, characteristic of the prey population response in some
planktonic predatéf—prey interactions (Maly,1976).

' No one I know of has (intentionally) used full scale experimental

- enclosures for studies of predation (or competition)in relation to
vertical dsitributions of zoopl;nkters._ﬂﬁd Dumont (1972) realized he
was using predat{or—prey groups and had he carried out controls ;n

experimental columns, he could have presented predation rate data for

*the whole water cplumn, but not for animals confined to the same stratum,

Since he did not present the density of Cyclops vicinus in experiment

three, it is not possible to calculate the rate of predation on Asglaﬁbhn .

|
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QUESTIONS ASKED

o ——— o ke po ¥ smrm s 0 mArs

- - I chose to study the vexitical distributions of pelagié crustacean
zooplankton in relqtion to the vertical distributions of potential - . 1

__predators in a small pond, mainly because:

s,

(1) such relations};ipé had not been adequately studied in relatively
shallow water bodies. Degpite this fact a considerable number of
hypotheses e.g. those of Dodson (1970, 1974a) l‘léve been generat.ed
concerning the general importance of predation: 6m 'zooplankton from - -
studies of it ‘:Ln such bodies of water. T ‘

(2) the pelagic water column was ofk a scale which could be manipulated | ) {
éxperin':entally in its entixlety.

With respect to vertical distributioil and predation on zooplankton,

the questions 1 asked were:

(1) where do the predators and their prey distribute in the waterl column *
during the day in the pond? Are the distrihbutions separate to a
signif;cmt degree? Females with clutch comprise one prey group
which I mention here, and which the reader should keep in mind below,
because the clutch cbviously represents many vulnerable individuals
in which considerable resources have been )inveated. ‘ L

(2) where do both groups di’s.tribute in the water columm at night? Again,
is there a significant degrge of spatial separation between the
predator and the ‘prey? ’

(3) If there is little separation during one of these periods, when °
might the predators have a higher rate of predation - during the |
- day or the night?

(4) What proportion of females with clutch are taken with respect to

their abundance? : »

"
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’

(%) If there is significant separation at any time, what will the rate

of predation be if I enclosesa water column containing a specific
predator-prey pair in a vertical cage? In this cage the animals will, b
hopefully, distribute the way they do outsidegthe cage in the pondf

Will the rate of predation increase i1f I enclose the water columm

with animals in a similar cage in a horizontal position, confining -

!
i
4
!

and prey to the same stratum? Will the latter rate be sin‘lilar'
to fthe rate ot" predation in small (shallow) vessels, similar to

» those used by other inyestigators (e.g. Dodson,1970; Sprules,1972;

Alle;n,1973; Fedorenko,1975b)? Some of these investigators (e.g. B

Dodson,;1970; Allan,1973) applied a single predation rate attained

in small vessels to the whole water columm.

(6) 1f the predation ratq increases with confinement to one stratum, how‘
night this increase affect the abumciance of prey over a period of’

time? ‘
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high ground. It had neither inlet nor outlet; precipitation, snowmelt

brown clays.

‘1mnediate1; south of the Arboretum. Th‘i% pond was similar to Hill Pon&

27
STUDY AREA

.

The' work was carried out during 1977 on the zooplankton of Hill Pond
(Fig. 1B).,, representative of three twelve year old man-made pon:ls (Fig.14) | b
in the Morgan l;rb'o'retum on the Macdonald campus of McGill University.

The three ponds were similar to each other in most respec:s. .

Hill Pomd was situated in a clearing in mixed Hardwood forest om

and seepage provided the water. The shore and sediments were of érey—

+

The pond was about 0.0Zha in surface area and the depth., as m_easured
in th;: N.E. pool, dropped from 2.5m early in the spring to 2.0m in
midsumner. The nllinimum depth rarely fell below the latter, even dur}ng
periods of no rain. The pondr wasl ice-free by early April and fr;zen‘
over by November. Témperatures reached a maximum of 28.5°C in late July,

1977. ¢ <

-

o lr

The water was often turbid in the N.E. pool, and little vegetation

covered the bot&tom:” The N.W. shore of the pool was free of vegetation

while the rest of the shore and all of the narrow, shallow 5.W. arm of

Al i s A

the pond were overgrown with Typha latifolia. Leaf litter input was

F] -

relatively low in the deep N.E: pool. ‘ K

‘A second pond, Lower Lake (Fig. 1A), was selected for cage experiments 'A
because cages placed in Hill Pond sluffered vandalism and inadvertent |
human interference. Lower Lake was one of two man—made’ (1967) ponds on

~
the same high ground as the other three ponds, but on Macdonald farm

[ ]
in many physico-chemical respects, but differed from the latter in that

L]
it lay in a depression amid cornfields rather than. deciduon;s forest, .

v
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FIG. 1. The study area. A. Arboretum and farm. a,b the other arboretum ponds.
B. Hill Pond. ’ . .
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TABLE 1. The open water zooplankton community of H:ﬂll Pond.

*>

Species T . Class : Order Trophic status
Diaptomus leptopus Crustacea : Copepoda filter feeder
Daphnia pulex ’ Crustacea : Cladocera filter feeder
Chacborus americanus Insecta : Diptera ambush predator
Notophthalmus virjidescens Amphibia : Urodela ambush predator

i '

Diaptomus and Daphnia classified ‘according to Edmondson (1959), Chaoborus
according to Johannsen (1970) and Notophthalmus according to B{shop (1967)
and Wilt and Wessells (1967).

IS *

cr
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hence received‘conside.rable nutrient input by way of organic fertilizers
applied to the fields (Ali Khan, 1971). It had approximately ten times
the surface area of Hill Pond, and was less turbid, aliowing greater

light penetratfioniAs a result of these factors, Lower ‘Lake was more pro-

ductive;unlike Hill Pond Cladophora insigna and dther filamentous algae

(Ali 1(11:4n,197l) matted the bottom. Lower Lake received little leaf litter input.
Typha had overgrown the east, N.E. and western shores.

Surface t;emperatures and dissolved 02 data for 1977 are presented in
Appendix 1 (includes Fig.1l5). Concentrations of various chemicals in
the water, as measured on 25 August,1977, were compa{r.able for the ponds

¥

(Appendix 2). . ' by
Communities. . : , .
The main species in the zooplankton communities described below

are summarized in Appenddix 3. .

The open water zooplankton community of Hill Pond (Tablel) was similar to

~

that found in the "deep" subalpine poplls 1 and 12 of Sprules (1972) and

Dodson (3974a). The most abundant organisms included the large invertebrate

ambush predator Chaoborus americanus Johannasen,1903,the calanoid Diaptomus

leptopus S.A.Forbes,1882,and the cladoceran Daphnia pu“lex~ Leydig,1860,emend.l
Richard, 1896,although Daphnia was abundant only f‘:)r several weeks in late

spring.Daphnia pulex,a filter feeder,was similaIr in size to the "small" Daphnia

rosea and Daphnia minnehaha of Sprules (1972) and Dodson (1974a) ,while Diaptomus

leptopus,alsoa filter feeder, was somewhat larger than their small Diptomus

coloradensis.The salamander Notophthalmus viridescens viridescens,a vertebrate

predator, was also abundant in both adult and larval forms.

Notonectids (predatory hemipteratis) were abundant near the surface,

/
* t
-
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but were rarely taken in subsurface samples in this pond. Bosmina (?)sp.,

Scapholeberis kingi Sars,1903, and Simocephalus vetulus Sch¢d1ér,1858,

= Y
all filter feeding cladocerans, and a few immature cyclopoid copepodites

were taken occasionally on some (although not necessarily the same) ‘

sampling dates. Individuals of the Protozoa, Rotifera, Oligochaeta, Acari

or Tendipedidae were also occasionally taken. Other animals sighted from
time to time in the open water included Rana pipiens tadpoles and
predatory insects in the orders Coleopter® and Odonata.

Phytoplankton in the open water were scarce. Filamentous Spirogyra

a

sp. and colonial Eudorina sp., bc;th chlorophytes, were the most '‘common

~

" but numbered only a few thousand units 1._1 in the samples analy:éed.
The animal commmity-in the Typha was much more complex, containing
all of the above species, except the main .pelagic zooplkankters, in greater

’

abundance. Chacborus and late instars of Daphnia were rare there, and

et 3

Diaptomus was less abundant. Young instars of Daphnia were abundant,but
again only for a short time. Amw.pods and various molluscs, nﬁund
in the open waters, were found in Typha. Since the area overgrown with

vegetation. supported a community that was essentially different from !

LR

that in the open water, I only deal with it peripherally.
Open water communities in the two other Arboretum ponds (Fig.lA) ¥

. ® ' ]

were similar to that of Hill Pond except that Scapholeberis was present g

©

: instead of Diaptomus as the smaller of the two main filter feeding

gpbcies in one of the ponds. There appeared to be only one plankton .

comﬂxuﬂity in each of these ponds since neither was overgrown to a great

\\
N

extent by Typha.

-
\
- AN

The open water zooplankton community in Lower Lake during the périod\
+  of cage experiments was generally sim:llﬁr to that in H1ill Pond.At mid-

summer late instars of Chaoborus and their prey, Daphnia, were few

A
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in numb_er: Two other small herbivores, Ceri.odaphnia and Boosmina, rather
than Diaptomus, were present. Both cladocerans were minor spec}es in Hill
_-Pond and one of the Arboretum ponds as well.
The main representative vertebra}:e predator in Lower Lake was the

yellow perch (Perca flavescens), introduced there in 1971 (R. Watson,

personal conn;mnication). According toQBrooks (1968) and others such an

¢

# e mae g

infroduction could have accounted for the low abundnace of Daphnia and
-Cha(?bords, the absence of Diaptomus .:-md the ab@dmce of such very smaill . .

~ crustaceans as Ceriodaphnia and Bosmina. Diaptomus leptopus was present

in Upper Lake, which was adjacent' but not connecqted to Lower Lake, I saw
no fish in Upper Lake.

Certain small animals which were occasionally pn.asent: in Hi1l1l Pond
were much 'n;ore at;undant in Lower Lake; ‘these animals included various
repregentatives of the Plr,otozoa,. Rotifera, Cyclopoda, Oligochaeta, Acari
and Ten‘dipe'didael.

The phytoplankton in Lower Lake was much more diverse than that in .

Hi1ll Pond. The chlorophytes Scenedesmus sp.:‘and Cosmarium sp. were

abundant, as was the chrysophyte Chrysophderella sp..

D : . s




PR

‘ were used until after all six,,'samples were takeli. ,-/\“"""/\

a3

MATERIALS AND METHODS

a

S;ampling. \ v . . .
€omparisons amorg zooplankton communities from ‘the Arboretum ponds. .
were based on the data from qualitative plankton tows taken in ’Juné,

July and August 1976, while the community in Lower Lake\ was established

.
from data obtained in-similar fashion in the summer of 1977.

k4

(S

Quantitative sampling of ‘Hill Pond was dm}e between 10:00 and 16:00h,
weekly, from 01 April to 2°7 §eptenber? 1977, for a total of 23 sampiing
dates. Samples were taken with a 2.1 1.-1 Van Dorn&i)ottie from a dingl\ly'
moored to a cable suspended N.W. to S.E. over the center of the N.E. /
pool (Fig. 1B), perpgnéicular to the long axis of the pond. Sanqzles were
taken at the surface, middlcla, and bottom (0.20, 1.2 and 2.0m respectively),
at points 3.0 (}prior to 20 July), 4.0 and 5.0m from the N.W. sho;e along
the cable. ¥f_sampling was done before l3:00h; sampling was started from

the S.E. This schedule preventeci shading of the sampling station by the

‘ dinghy until the sampling was finished.

ﬂ: each depth the open Van Dorn bottle was moved ﬁorizontally - ,
through addistance twice its length,opar;llel to its long axis (also
perpendicfular to the direction of the sun) before the messenger was
released. 'i'hus tk?e bottle wa; given no chancé to wobble nor to lrot:ate.

Also, a diel series c:omaizs:ting° of five sets of samplgs was takén,
the first set at 19:00h Aon/d 15 August and, one set every six hoﬁrs

thereafter. Each set consisted of six samplesg, one from each depth at

4.0 and 5.0m. %rom the N.W. shore along the cgﬁ‘ie{nfi;ht no lights

Each sample was concentrated when transferred from the Van Dorn \

. 1
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bottle to a small vial via a nylon net with 50u mesh (all mesh sizes’
. . )

'mentioned below are 50u,' except where otherwise noted)., Each sample was

transferred again to a large vial, and anything remaining on the net and

small vial was washed into the large vial with filtered pond water. The

“ ’ . ‘
net was checked immediately after sampling, particularly after sampling

"'in the dark; rarely had animals not been washed off. Samples werg

S
o )
J -

preserved in 707%:ethanol and 2% glycerin in the large vial.

Densities of adult Notophthalmus in Hill Pond were estimated by

’ ) ~
marking the ngrth bank at 1.0m intervals and, when the water was clear,

LY
Q
A}

counting’'the number of. salamanders per-interval to a distance 2.0m from
. ™\ * . - ¥

-

shore in each case. Since Nofophthalmus were red and often sat motionless
)

on the bottom, here *’aev{sid of vegetation, they were easy to count. This

of adults in the deep water and

method rewealed 1ittle about the densit
in the Typha, where they could.not be seen\ and little about thé density of
larvae, many of which%ere small enough to escape notice in such a count.

However, adults frequently came to the surface ipnl the deep water and in

the Typha, No Notophthalmus were removed permanently becguﬁxe~ the to;:al
Y . » * - - *
population in the pond was.not great. Frequent removal over aﬂrelatively

»

short period of, %ne would have "depleted the salamander population, in -4

¢ w '

turn which wouchhave altered the structure of the zdoplankton cdmnunity‘

B
»

in Hil1l Pond, I
s Water tempergture, light penetration, prevailing weather conditions
and 0, cantent weré mon:léoréd, ’all at the time of sampling on each

2
sampling dat:e The water temperature at 0. 30m qu reg:orded with a hand
held Canlab thef'mometer. Light penetration was gauged using a Secchi disc, -
Oxygen content was determined in the following manner: water samples were .
collected in 30081 D.0. bottles at a depth of 0.30m, fixed (including

the addision of ‘sulfuric acid) within two -minutes using the Winkler

%
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method (Cox,1976), wrapped in dark paper and refrigerated until analysis

\

*
could be compléted in the lab (within 48 hours). .Water temperatures and
02 concentrations are)presented in Appendix 1.

Chemical analyses of Hill Pond and Lower Lake were carried ouf with

" a Lamotte Co.-water test kit on 25 August,1977 (see Appendix 2). o

Field experiments. ’ .

~

Six 25 l.cagés were constructed, each consisting of a cylindrical

sock of commercial nylgn mesh 1l.4m long by 0.16m in diameter fastened

' t'o a woodefl frame with Lepage's Contact Cement (f‘ig.Z). The ngh of

the cages was chosen to approximately coincide with the minimm mid-
gsummer depth (2.0m)‘ of Hill Pond; 1l.4m of height kel;t cages pla:ed in a
vertical position 0.30!n above the l;o'ttom and 0.30m below the surface.

The former eliminated \interferexxce f1:om sharp projections on the bottom
which might have damaged the (nesﬁ, and the latter reduced cage visibility
to passers—by to some extent. A container diameter of 0 16m was, found by

observation ‘in the lab to6 have little effect on the relative small-sgcale

’ ey

horizontal movements of the expeximental organisms The cylindrical

shape eliminated corners in which animals might have concentrated.
' 3
3 .
The mesh was of consistent size i.e. each aperture was pentagonal in
\ ' i
-shape and had a long diagonal of 300u. The next largest dimension was

- v

just over hdlf the latter. Thus free interchange of water, small

particulate' matter and small or vermiform organisms such as retifers;

nauplii,. young Bosmina, and oligochaetee could take place, while large

test organisms could not pass through. ’

L 1

One end of each cage was bounded by a canvas funnel, ratﬁer than

mesh, with'a hole 2.0cm in.dtameter at the apex through which test
, . :

organisms were introduced or removed. Duriné experiments this pbrt was

~

-
‘
:
H
%
{
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FIG. 2. Schematic representation of a long cage T é

in ‘a vertical position in situ, side view. .
(a) wooden frame, (b) mesh cylinder, (c) canvas
funnel, (d) cork.plug, (e) anchor, (X) depths
sampled, (-—-) boundaries of arbitrary zones

for long-cage experiment density determinations
(see Analysis of data)

fx




e

37

. e
P St LA . .

(W) H1d3d
, . O
N mz_. | e
© ! | ! 1
| _ |
| | | _
|
l . I
] I N
“ _ L A®
- .
/ —nl. s \ /// h
’ w--a /
7 . s \//
” 7 R
Ve / \
7/ ( h T
! |
X ] X 3 .
| "_ |
< ] N _
| ) >
lv




[y

~ ‘2}pgged with a cork, and the cork was secured with an elastic band
wrapped around .both the end of the funnel and the cork.

Cages were held in place in the pond by dncﬂ?rs, vertical cages b§
an anchor fastened to the funnel end and horizontal cages by.anchors
from both-ends.The wooden cage fré&es were buoyant,rhence the cages
needed mo added‘flotation to keep- them up in the water columm.

Cylindrical, opaque polyeghylene 2.5 1,cages, 0.14m deep and similar
in diameter to the long cages, were also bullt. Each cage had five
windows 39.7cm2 of thé same mesh used in the lomg cages, three at equals
intervals around the equator of the cage, and one in the middle of both
the bottom and the 1id of the cage. These cages were suspended from
styrofoam floats and held in place by anchors.

N Diaptomus adults (D.1.A) and fourth instars of Chaoborus (C4) to be
used in the cage experiments were collected hy net from-Hill Pond within

one week prior to the start of each set of experiments. Early instars of

Daphnia (D.p.B) were raised in an artificial pond in the laboratory at

-~ s N ’ -
abis S OALTI Wt e el y S

ambient Hill Pond temperatures and a 12:12::L:D light gzdle. Predators
and prey were held in’separate aquaria, containing filtered pond water,
in the shade under conditions of nmatural light and temperature. Predator

tanks were stocked with low denséties of small prey for predator

KNG AL S

maintenance while prey were fed from mixed green algae cultures every
other day.
éorting of prey species for experiments was begun approximately

thirty hours before the experiments were to start for early instars of

Daphnia (D.p.B) and four hours before for Dihptomua adults (D.1.A).

T T L P,

Water containing prey was siphoned from a holding tank into a large
petri dish and individual prey, picked randomly, were pipetted into

clear plastic containers, one container per treatment or cage to be

i
F
o
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placed on that date. Containers received one animal at a time, i.e. no
container received a second until one animal had beeA added to each of
the others, to assure equal overall animal.handling time to each treat-
ment. Once the required numbetr of prey had been alloted to each of tﬂé '
latter, fourth instar Chacborus (C4), the predator,was sorted in the
same way. Mos; C4 had some digested prey material in the ﬂind gut.

.

The method used to justify animal densities used in all experiments

is detailed under Analysis of data.

>

. To initiate’a long-cage treatment, the cage wds submerged horizontally
below the surface of the water, except for the open fumnel end, and the
prey introduced via plast}c funnel and hose through the opening.The
emptf\BFEy container, funnel and hose were washed with filtered pond
water and this rinse water was then added to the cage.Each cage was
oscillated end to end slightly to distribute prey organisms, then the
predators weré introduced in the same fashiont The cage was stoppered,
an anchor attached, and the cage sf%wly sunk. Any trapped air was forced
out by applying mild pressure to the bubble caught under ,the mesh. -

Cages were arranged randomly on an east-west axis, parallel to the
long axis of Hill Pond. Vertical cages were positioned with mi%rcage
ﬁt mid-depth, and small and horizontal cages at mid-d;pth. The horizontal
cages were marked with a small cork on a chord, and the study site was
marked with a float offset to the N.W.

Treatments were terminated in the order they haa been set up. To

terminate a long-cage treatment, the cage was brought to just below the

surface, and the anchor(s) removed. The cage was positioned vertically

R g ¥ e N

with the fuhnel end down, then’' it was slowly brought out of the water

. which concentrated the remaining organisms in the funnel. The mesh was

washed with pond wq{er as the cage was drawn out. The contents’

[RPICE AP & S
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conce-ntrated in the funnel were poured into a container, the funnel
washed with filtered pond water, the predator(s) (if present) removed
from the container (were kgpt for other experiments), and any prey
réemaining in the container preserved with 4% form?lin if Diaptomus, 70%
ethanol and 2% glycerﬁx if Daphnia.

All experime‘nts were of three days duration since‘relatively sev;zre
changes in the déngity of prey enclqsed with predators occurred over
llonger time period; in preliminary test. |

Four replicates of each long—-cage treatment were done using Diaptomus
adults (D.1.A) as prey (no females with clutch), and two replicates were
done using early :L'nstar Daphnia (D,p.B) as prey. The schedule of start-
ing dates of long~cage replicates 1s presented in Table 2. The symbols §
‘VP and VC represent cages which were placed vertically and contained
prey with and without fourth instar Chaoborus (C4) repectively. Th:e
symbols HP and HC represent cages which were placed horizontaliy and
contained prey with and without Clo respectively. No replicates are
indicated for some treatments on some dates (Table 2). Each of these
replicates had been interfered with and lost. A lost replicate was
redone '‘on a subsequent date along with the replicate scheduled for that
date. This is why there arek‘two replicates for one treatment on some
dates in Table 2.

In the small-cage experiment (similar in depth to the cages of

Sprules (1972) and others), Diaptomus adults (D.l.A) were used as prey .

for fourth instar Chaoboru.;.; (C4) . Three controls containing D.1.A alone,

2

T e A A R 3 acn'

and three replicates containing both D.1l.A and C4 were used, starting
31 August, 1977. )
All cage experiments from which results could be obtained were

carried out in Lower Lake. Experiments attempted in Hill Porid in early
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TABLE 2. The schedule of starting dates of long-cage replicates.

Week Prey No. replicates
beginning category

vC VP HP HC

N

< ‘ \
August 1 D.1.A 1 1 1 1.
8 D.1.A 1 1 1 1
22 D.1.A 1 - - 1
29 D.1.A 1 2 2 O 1
September 5 D.p.B - 1 1 1
12 D.p.B 2 1 1 1

41
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_ _— - -temperatures were the same as those in the experiment described

summer were lost through human interference.

Laboratory experiments.

All laboratory experiments were done in é.S l.aquaria having the ' ' T
same dimensions as the small cages uxed in the field. Collection, ’
maintenance, and sorting of .-the animgls used in the experiments were

"

the same as for thé field experiments, except for Notophthalmus. The

latter were trapped in the field the day béfore the experiments, and

were not fed between the time of capture and the start of the experiments.
To determine whether Chaoborus had a higher feeding rate during the

day or the night, Diaptomus coloradensis adults (D.c.A)iwere used as '

’

prey for fourth instar Chacborus americanus (C4). These animals were 4

abtained from pond 12 of Sprules (1972) and Dodson (1974) in July,1978.

The treatments during the day lasted fromodawn (06:00h) to dusk (21:00h), T ;
a total of 15 hours, while the treatments at night lasted from dusk to
dawvm; a total of nine hours. Two controls, each containing 25 D.c.A alone,
and two replif;ates, each containing ZS‘D.c.A and 5 C4, were done during
each of two time periods. Water temperatures fluctuated from a minimum

o

of 11°C at 06:00h to 15°C at 21:00h. .

A3

S Ry

To determine what proportion of female Diaptomus with clutch were

taken with respect to their abundance, Diaptomus coloradensis adults
(D.c.A) were again used as prey for fourth instar Chaoborus (C4). Two
controls were done, each containing 12 D.c.A (any females were non-

gravid) and 12 D.c.A females with clutch, but no C4. Two replicates,

each containing the same complement of Diaptomus as the controls plus

5 C4, were also done. The experimenﬁ lasted 24 hours, and the water

b

previously.
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In experiments to establish’ trophic relationships, early and late

43

instar Daphnia (D.p.B and D.p.A respectively), both alone and mixed,

were used as prey for single adult Notophthalmus. Mixed Daphnia and

adult Diaptomus (D.1.A) were also used as prey for single larval
t

Notophthalmus. Prey densities varied. These experiments were carried

.

out for one hour at 20°C.

e AN R b Y ST

An experiment in which D.l.A were used as prey for‘Cls was also done;
it duplicated in the laboratory the smail—cage field experiment. Three
replicates of both treatments were included. This experiment lasted
three days and was done at a water temperature of 20°C and a 12:12::L:D
cycle.

Labotatory analysis.

Individuals of all species except Chaoborus and Notophthalmus were

identified using Edmondson (1959). Characters by which the specles were
claggsified were viewed at different magnifications on a Wild M5 stereo-

microscope. Chaoborus was identified first by Dr. P.J. Albert using

Johannsen (1970), and No€Ophthalmus was keyed using Bishop (1967) and
Wilt and Wessells (1967).

All individuals from field samples and expe;:iments, except
Notophthalmus, were counted and measured under a Jena binocular

~ .

digssecting microscope, Chaoborus at 12.50 magnification and all other

zooplankters at 31.25 magnification. Each animal was placed on its side

/

and the antenna removed the~anima1 did not lie flat. An ocular grid was

used to measure the animals e.g. the metasome of the copepods and the
carapace, from the tip of the helmet to the base of the tail spine,
for cladocerans. Measurements were accurate to the nearest 0.0lmm. The

Wild M5 stereo—microscope was used to observe the 'afgai contents of guts .

b




T ee

44

’

of Diaptomus leptopus copepodites.

Analysis of the fixed 02 samples was completed by measuring the

»L

- percent transmittance of the sample at 450um on a Bausch and Lomb . 0

+  Spectrometer 20, then interpolating from these readings to mg 021.-1 on a

standard curve (Fig.3), a semilogarithmic plot of percent transmittance

PO

against ‘02 cc;ncentratién. Standards were determined at ll:OOC and 28.5°C

(the former by N.J. Hibberd, and the latter by D. Gal]..ey and S. Cheng).

These temperatures were the limits between which organisms were sampled

4 -~ from Hillg Pondg; 11.0% coincided with the teml;erature at which organisms

. were first encountered, and 28.5°¢C w;as the highést temperature recorded K
in 1977. Since these plots were linear and essentlally parallel, and all

02 samples were taken at temperatures within this range all 02‘

concént:rations were 'derflved by interpolation using the 11.0% plot. v‘ ) i

Eox ’

B 4 Analysis of data.
f j Categorization of Chaoborus americanus into instars was achieved by
- \ measuring the length, less the lengths of the antennae and anal papillae,

5

of all Chaoborus on the date that a particular instar reached peak

abundance. Size frequenc;' histograms were formed for the Chaoborus taken
on these days, and the size distribution for the instar that had reached
peak abundance in each case was truncated at the middle of\the bottom of

the deepest depression on either side of the pesk. The four truncated

» _ peaks, representing the four instars, were put together into a final

size frenquency histogram (Fié.h). Peaks for Cl, C2, C3 and C4 were taken
~~ from data obtained on 29, 03, and 16 June and 25 May respectively. Body
lengths were rounded to the nearest 0.5mm. .

Prey were categorized (Table 3) as to the approximate maximum gize y

t:f prey that each instar of Chacborus americanus can ingest yith complete

o ssertn S S |
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] . x ) .
. success, based primarily on the data of Feorenko (1975a) and Swift and _

. " Fedbrenko (1975). w

The method used to calculate the cfept:h intervals for the gones of
\ . v ) R

- - ‘4 -different zooplankter densities was as follows. Based on.the three

aampliné depths S, M, and B, the water column in the ‘ponds was dividéd

into three ég‘rre_sponding zones for which horiz?ntal boundaries were set
. . L . at de:ths roug‘hly' halfway between each samplil:;g depth (Fig.2). Thus, z;
< d;apth :>f 0;8m approgimat':ed the boundary between the zones S and M, while
| l,6mh rep;'esénted_the bqur;dary between M and B, he;ncé zoxlmes S. and M both '
. W L ) =
’ _ had a depth interval of§0§8mi This interval, divided by the pond depth
. l ) .' . ’ Z.Qm, equaled 40% of the w'ater‘coqum. The remaining zone, B (1.6 ;o 2.0m)

- . , represented 207 of the 2.0m water column. These same zones e.g. S=40%

were ;slpplied to vertical cages. The mean density of a particular spécies,

=)

- &erived ‘fro;n the samples taken within the zone in the pond, was then

extrapolated to represent therdensity of that species within the zone,

wheti:ier a zone in the pond or, its counterpart in a vertical cage.

’ ¢ “
« y %e number of Diaptomus adults (D.1.A) used in vertical cages
N A . 2raptomus

S (treatments) was determined from the data for 13 July, 1977. Overall

) ) .
“ Diaptomus abundance on this date was typical of the early summer period /

whgn late instar Chaoborus we‘re relatively ay&dant aﬁ Diap tomus

co'péppd,ites(were not. The volume of each zone in a 25 1. cage (i.e.

Y. AR . -
Lo s $=10.00 1., M=10.00 1., B=5.00 1.), multipifed by the density D.1.A 1.7F

H

found :l'n"that zone,on 13 July (de. S= 1.27, M=1.43, B=0.32, all in units

“

- of D.1.A 1.-1), sef the total number of D,1.A at 28.6 aninpls vertical

g

" e

e

-

cage ! [1.€.(10.00 x 1.27) + (10.00 x 1.43) + (5.00 x 0.32) = 28.6].This

£
&F
o ET S PG Y -
4
L]

. total was increased to 67 D.1.A vertical t:age-1 so that losses to C4

T e

- predation would lave less influence on the density dependent capture rate
' e Py ‘
g duriﬁg s‘hort-tem*enclosure experiments.
* ’ ) ‘ hat . N '

»
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The number of early instar Daphnia (D.p.B) used vertical cage-l was
determined from the data of 29 July,1977 by the same method. Unlike

Diaptomus, Daphnia were usually taken in abundance or not at all. The

use of the ‘densities §=0.48, M=26.0, and B=0.63, all in mits of

- 1

.D.p.B 1.7L, provided for a total of 278 D.p.B cage—l‘. To offset potential
\ Al

mortality as a result of héndling this total was increased to 300 D.p.B

vertical cage_l‘. ) . o s
Fourth ipstar Chaoborus (C4) numbbrs were determinethfrom data taken

the same day from which densities of its particular experimental preyN

were taan. This provided for 4 Ch4 cage_]i containing -D.1.A, d 6 t:ag'e—1

. containing D.p.B. These totals were increased to 6 and 9 C4 respectively
' - <

to compensate for 332 pupation over the course of three day experiments.

o

This vzflue was determined from i)relimmary enclosure enq;erimeﬁts in the
fie}). ’

The number of animale of each species c,ategory used in horizontal .
cages was the same as that used in vertical cages in each case. It was
assugned that the horizontal cages prevented'vertical séparation of
predators and prey, hengé_ animal densities in horizontal cages could be
represented by mean densities for the water columm i.e. the number of
fnimals in the cage div/ided by 25 1., the volume of t‘he cage. These were
the' densities used in the 2,5 1. cages as well.

.

The initial number of a species category c‘age_l was held constant

for successive sets of treatments, even thouyf the density of that

ta comparisons.
The mean 'density of each group of animals, whether predator, prey \

or sex (prey) at each depth on each sampling date was converted to a

]

R N
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s

percentage of the sum of the mean densities, one from each depth, on that

date for the group in question. The proportion of each particular animal
group taken from mid-depth over the period of low Diaptomus abundance

was Ehen compared to the proportion ofthe same group takeén at the bottom
over tﬁe same period. A similar comparison for each group was also done
for the whole seasén. A t-test for the means of the arcsine transforma-

-5

t%ons of the proportions was used for the above comparison. Aétual
deasities could not be used becaus; the means were often positively
correlgted with the variance. The use of proportions best mirrored the
p?ttern inherent in the raw data, eliminating variability resulting from
:;;asonal changes in overall abuddance. As proportions; all values were

Al

finitely bounded between 0 and 1.00.

’
J

A rows by columns test of independence using the G~statistic was
used Fo'tgst whether the location of the population mode ok an indicator
grou;,’D.l.A, in the water column was inhependent of the ambient day-
time l1ight conditions.

A Model 1 s;ngle’classification anova (equal n) was used for all
comparisons involving cage experiments. The ratio of the variance was
used to show the homogeneity between variances for the ‘total number of
animals eaten in vertical and horizontal predator—pre& treatménts. From
this it was asgumed that. the variances were homogeneous f;t all cage
experiment ahova comparigons. ‘

Sokal and RohLE (1969) vas wused as a reference for all Af the
statistical tests documented above. In all cases, P less than 0.100 was

accepted as the level of siggificant difference. Codes for the different

probability ranges used are stumarized in Table 4.

"
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TABLE 4. Codes fq; probability

ranges.

Code Probability .ranges
1t gt

* 0.100 " 0.050

*% 0. 050 0.010

hkk 0.010 0.001

Fkkk 0.001 -

x.lt less than

gt greater than

S X
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Diaptomus copepodite population projectioné.

. ¢

The instantaneous fdeding rates, c, of fourth instar Chaoborus (C4)
feeding on adult Diaptomus (D.1.A) in vertical and horizontal cages

vere calculftgd using the formula:

iR

—-cPt
Nt/NO e &

wh'ere' No and Nt were the mean densities 1._l of D.1.A in a pgrticular

set of similar treatments at times 0 and t (3 days), or the begining and .
the end of the long-cage gredation experiments, respectively. Here P was

the mean density of C4 in a particular set of similar t;'eatments over ‘

the duration of the cage experiment.

Hypothetical Diaptomus copepodite population projections for two

situations were calculated using the formula: : . to
‘ : (r-cP)t

N =Ne
t o |

>

Here, c and P were as above, t was time over three day intervals and r,

No and Nt walfe the rate of population change and the initial and
subsequent densities l.“1 of Diaptomus copepodites respectively. Further

elaboration of these situations is inappropriate here; values of these.

. . . 14
parameters are given where the hypothetical situations are presented.
-
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RESULTS AND INTERP&ETATIONS

Temporal relations of the pelagic zooplankton of Hill Pond.
Although the material in this section does not answer any of the
questions put forth under QUESTIONS ASKED, I have included it as a

preliminary to the answers to my questions for several reasons. First, to

_ put the answers into perspective it is necessary to have an overall picture

of the temporal abundance patterns of predators and prey. Second, it was

desirable to ascertain whether certain predator-prey relationships existed,
and to quantify them if they did.
In this and subsequent sections, categories of animals are often

referred to gnly by their respective codes, most of which are described

!

in Table 3. Adult Daphnia puley and first instar Chaoborus americanus
are not presented in Table 3, but are often deséribed hereafter as D.p.A
and Cl respectively. Also, no statistics were necessary in the agqusis
of an&}of the experiments presented in this section..No animals died in
controls in any of the laboratory experiments presented here or sub-
sequently. '

The temporal changes in the pelagic zooplankton of Hill Pond, over
the course of spring and summer, 1977, are shown in Figures 5 and 6. 1In
Fig. 5, the ordinate répresents ‘the mean number of animals 1._l in each

category over the whole water column on each sampling date.

Certain observations and results suggest that Notophthalmus might

have eliminated Daphnia from Hill Pond. The D.p.A category peaked in

early June at only 1.59 an:lmals'l.m1 (Fig. 5B). Then, within 11 days it

1

} 1 .
declined to just 0.26 animals 1. . The new generation of Notophthalmus

wag then presént and abundant, although the larvae could not be accurately

i ot
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FIG. 5 A,B. Temporal changes in each zaoplankton category,
over the whole water column of Hill Pond,on each sampling
date in spring and summer,1977. Arrow; for an ekplanation,
see text.
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enumerated (see METHODS). Also, adult Notophthalmus numbered more than

0.5 adults m_2 (as they did over the whole summer). Therefore,given:

S

(1) the low abundance of Daphnia ir June,

(2) the number of Daphnia Notophthalmus can eat in a short period of

time (Table 5),and

(3) the abundance of Notophthalmus in June,

Notophthalmus might have eliminated Daphnia. ' '
y.
Other observations also support this contention . The only alternate

prey for Notophthalmus in June was the new generation of Chacborus, C3

in particular (maximum 1.90 l.-l; Fig 5B). However C3 remained relatively

abundant until August, long after mature Daphnia had disappeared.When a

_mixture of Daphnia at‘i C2 and C3 from Hill Pond was presented to two

larval newts, each in a separate small aquarium in the laboratory, some .
Chaoborus still remained after several days, but all the mature Daphnia
and most of the immature Daphnia had been consumed. The population of
Daghniq in the control increased, while that of Chaoborus remained the

game ( Chaoborus could not of course increase because it has a generation

‘ I
time of one year). These observations suggest that larval Notophthalmus

selected Daphnia over Chaoborus. ¢
There is cursory evidence that D.p.A were food limited to some extent
in Hill Pond in June, because the mean clutch size declined from 17.00

eggs femaléjl {n=2) on 3 June to 2.33 eggs fanale-1 (n=3) on 21 June.

. However,it is unlikely that lack of food caused D.p.A to decline to

extinction. For example, on 21 June D.p.A numbered just 0.26 animals 1.-1,

and the mean clutch size of those carrying clutch (n=3) was only 2.33
eggs femalenl. However the D.p.A category increased from 2.75 animals 1._1

on 2] June to 9.05 1.-:L on 29 June. The most probable effect of food

LR T
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. ' /
TABLE 5. The mean number of prey eaten per Notophthalmus per hour during

the day in small tanks in the laboratory. Two replicates per treatment 9
Temperatures 20 ~ 23. 5° c.

Prey Prey eaten Notophthalmus 1yl .Initial prey
; 1.1 }
adults larvae
‘ \ (871m) : (39mm) @
 D.p.A 31.00 : - . 16.00
“ p.p.B 36.00 ' - \ 15.20
D.p.A/D.p.B  20.00/9.00 '\7 - © 8.00/8.00
e, - .00/3.00 B
D.1.A - 0.00 ‘ 4.00

S
S fi~ y“v‘ 9*&<¢‘r%§“
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limitation would have been to increase the.relative impact of Notophthalmus

e

predation, because D.1.A would have been eaten faster than the Daphnia

A

population could have replaced them. -

Although it is possible that Notophthalmus eliminated Daphnia from

o e e e F

Hill Pond, one further question must be answered before this claim can

be made with reasonable certainty. Both Notophtthlmus in Hill Pond and

another salamander, Ambystomi tigrinum, in aubalpine'ponds in Colorado

spend most of their time during the day (when these salamanders do most

I
.

of their feeding; )\ttar and Maly, submitted; Dodson, 1970) on or near

the bottom. If D.p.A spent most of their time ciuring the day off the

bo}:tom in Hill Pond it is unlikel}; that Notophthalmus could have eliminated
D:aphnia. Thus, the question one must answer is whether or not D.p.A were
concentrating t‘lear the bottom in Hill Pond. This I a;{swer under the

section Vertitcal di;;tributions: da).r.

N

Several observations also suggest that Notophthalmus reduced the

abundance -of late instar Chaoborus in Hill Pond over the course of

the summer. 'Althoggh C3 remained relati‘éely abundant until late July,
. N

the C3 category declined somewhat duriné this period and moreso there-

after, until the end of August (Fig., 5B). The C4 category had.disappeared
in early August (partly because dndividuals pupaf:ed and emerged) hence
C3 itindiv:l.duala must have died or have been eaten as soon as they meta-

morphosed into the C4 stage. In the absence of mortality the C3 category

would have increased in abundance via the development of younger instars.

Given that Notophthalmus was abundant in Hill Pond over the summer, and

that Notophthalmus ate C3 in the laboratory, Notophthalmus might have

reduced the abundance of late instar Chaoborus. -

. = »
By eating late instar Chaoborus, Notophthalmys might also have delayed

L
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,the summer. Prior to June, when C4 were abundant (maximum 1.32 1. ),

59

the appearance of the new generation of C4. The relatdve (percent)
abundance of Chagborus instars on each sampling date is presented in
Fig. 6. Rather than a pattern of appearance: C4,1,2,3,4, the pattern of

t
major peaks was: C4,1,2,3,1,2,3,4. Clearly, the appearance of the new

generation of Chaoborus was delayed. It is unlikely that there-were
two generations because no major increase in the relative abundance of

C4 occurredubétween~c3 and Cl. An increase in §bundance of C4 wouiﬁ ,
have been necessary for the production of the adults required to)produce

a second Chaoborus generation. If this were the case, the second peak of

- C1 must be accounted for, It may have been that Cl were simply cannibal-

ized by late instar Chaoborus (see Vertical distributions: day);j when the
former hatched C4 were relaﬁively abundant (Fig. 6). Chaoborus surviving
through to their cannibalistic C3 stagé would have helped suppress the
(continuously recruiting) Cl stage until the middle of June when C3
started to decline. It was then that Cl increased for the second time. .

’

Since the overdll densities of D.p.A and C3 were similar in Hill1

Pond.in June (Fig. 5B) one might ask why Notophthalmus might have

eliminated D.p.A and not late instar Chaoborus. Notophthalmus selected

v D.p.A over ' C3 when they were offered to Notophthalmus in the same

vegsel, therefore C3 must have escaped predation by some means other

than a distribution different from that of Notophthalmus. This problem

I return to in the DISCUSSION. ) \

L}

Temporal changes in the different prey categories of Diaptoﬁus are
1

presented in Fig. 5A. Copepodites I through VI were present throughout

1
Diaptomus was btesent at very low densities. Adults were the most
abundant (maximum 0,32 1.-1) of the Diaptomus stages present during this

period. During June and July each category became slightly more abundant

?

o
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‘ .
in the succession D.1.C, D.1.B, D.l.A. However, the peaks of the abundance

in July were still ,relatiwc;ély ~low; D.1.B were the most ab'undang DiaE' tomus
(maximum 1.64 1.—1) at this time.

. Certain observations and results suggest that Chaoborus had the
capacity ‘to reduce the abundance of, possibly eliminate, Diaptomus in
July (Fig. 5, regiﬁn marked by ﬁhe arrow) . Chaobotus was the only

— ,
species present which might have affected Diaptomus; no D.1l.A were taken
by larval salamanders in the laboratory (Table 5). Also, Chaoborus”

1, C3 plus Ci;Fig.5B)

Q

were relatively abundant (between 1.01 and 1.91 1.7
whereas Diaptomus were not; the Diagtorx;us population varied between just
3.01 and 3.10 ind:lvidu;ﬂ; 1.-1, all copepodites included (Fig. SA)‘. At
such densities in the laboratory , late instar Chaoborus can eat all
the Diaptomus copepodites present in several d;ys. For example, C4 »
- (0.40 1.-1) ate a mean of 2,33 D.1.A ;;r:dator_l d'_l (injtial densi'ty
4.00 1.—1) (ITable 6). Except for the oéc;asional cyclc';ﬁ}oid copepodite,
there were no alternate prey for Chaoborus in Hill' P&Jd in July.Diaptomus '
did not appear to be food limited during..]uly because cluteh sizes were
as large(28 eggs female-:L , N=6) as tl;ey were at/any other time in 1977.
Howéver, Chaoborus did not eliminate \Diagtomus from Hill Pond,
although it was in early August that Diaptomus start®d to increase :ln

. \
overall abundance, after -the C3 and C2 categories had decreased

1, C3 plus C2, on 29 July, to 0.40 1.“:l on

dramatically (from 2.13 1.~
10 Adgust )."I‘hua, one might ask if there was a paticular mechanism,
e.%: a significant degree of vertical separation, by which Diaptomus
copep;)dites jpersisted in the presence of 1&t’e instar Chaoborus in
July. 1 return to this question in the section Vertical distributions:

day.

- i\‘r"-w-m.uun..w,m -
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<
In summary, I have attempted tp show that, in a water bpdy as shallow
L4
as several metres, the relationships between the pelagic zooplankters
and their ma;n predators cannot always be explained by just gross

temporal patterns. Three specific questions that arose out of the

consideration of such patterns and whicl remain to be answered are:

' (@) Did D.p.A concentrate near the bottom in Hill Pond, hence increase

the possibilisy of elimination from'p}edation Ey Notophthlamus ?

() By what means, if any, did C3 escape predation by Notophthalmus ?

(c) Could Diaptomus copepodites have tooogcurred with late instar Chaoborus
in July by way of a significant degree of vertical separation ?

Figure 7 depicts %y solid.line the predator-prey relations confirmed in '

.

the %pboratory experiments presented above. The thickness of the solid
line indicates the relative intensity of the relationship. The dashed

lines represent p;bbable relations (see THEQORY), which have been added

~

for completeness. These relations are probably intense as well. The docted
line indicates that the relationship is uhcertain, having beeﬁ tested

only at low prey densities. ' . .

o ! ‘ . : ’ -

Vertical distributions: day. »

. , . -\
Generally, the pelagic zooplankters which persist

X |

in the presence
of their main predators in Hill Pond had day distribujﬁxns which were .
signifiéantly different from those of th; predator; (answers question (1i,f’f//
QUESTfONS Asxﬁﬁ). Some of these differences in di;tribution are depicted
1anig. 8 and thé statistics for all comparisong are summarized in Table
7. Over the whole season, the caFegor& modeg fo; C4 and C3 occurred at
the bottom k2.0m) whereas. the c;tegofy modes for their main prey: D.1.A
{including females with élutch); D.1.B, D.1.C and D.Q.B, vere found at

mid—degtﬁ (1.2m).;for example, 73% of C4 were taken at the bottom fnd

3
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FIG. 8. Differences between the distributions of
late instar Chaoborus and Diaptomus leptopus
copepodites ‘in Hill Pond during the day prior to
August,1977. S = Surface (0.2m), M = mid-depth
(1.2m), B = bottom (2.0m). ‘
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TABLE 7. A summary of t-test statistics for all Hill Pond zooplankton distribution

comparisons.
Depth* of Year To 29 July ,
Category Mode t observed af P .t observed df - P.
C4 B 1.8214 22 0.100 2.6428 20 ©.020
c3 B *1.8869 30 . 0.100 2.6533 16 0.020
c2 B 1.4320 26  0.250 0.7422 16 0.500 -
cl M 1.9886 26 0.001 7.0948 14 0.005
D.1.A M, 3.3220 36 0.005 2.6055 18 0.020 °
D.1.A% M 4.3699 22 0.001 - q - -
D.1.B M 2.5858 32 0.020  2.0089 ) 16 0.100 |
D.1.C M 4.6377 30 n.001 3.8962 16 0.020
D.p.A" B 8.0924 6 o.o?;/' - < - -
D.p.B 3.4867 20 0.005 - - - ;
v ! ‘J F
* B bottom ;
M middle, mid-depth
X only females with clutch
A
- t
~\$ L
= v (
) » * S y
v- L i e
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Y

oply 26Z at mid-depth, while 582 of D.1.A were faken at mid-depth and
only 17Z at the bottom (both siginficantly different; Table 7, Year).
Less than one percent of C4 were taken at the surface, where 25% of
D.1.A were taken, virtually free of C4 predation during the day.
Differences between the distributions of predators and prey were
JDE‘ niore significant for the period prior to August when prey,
particularly Diaptgmus, were generally few and late instar Chaoborus

4

were felatiyg}y abundant. Here 81% of C4 yer; Faken at the bottom (B)
and only 187 at mid-depth (M), while 65% of D.l.A were taken at mid-
depth;and only 13%Z at the bottom (Fig. 8; both significantly different,
Table 7, To 29 July). Many Diaptpmus (22%) were still at the surface (S),
which was free of C4 pfedation duting the.day. Reported as dengities,
the significance of the different distribution? is equally apparent;
on 29 July the densities of C4 and C3 at the bottom were 0.48 and
3.49 animals 1._1 respectively, while the densities of C4 and C3 at
mid-depth were 0.16 and 1.59 animals 1.7-l respectively. No Diaptomus
and only 0.63 D.p.B 1._1 were taken at ghe bottom, but 3.97 D.1.C 1.-1
and 26.00 D.p.B 1.7 were taken at mjd-depth.

Mis information is evidence for for the suggestion that DiaEtomds
copepodites might have persisted in the presence of late instar Chacborus
in July by Gay of a>sign1ficant degree of verticai separation (partially
" answers question (c), Temporal relations). Significant vertical separation
during the day mighﬁ also hgve reduced predation by the lattér on

Diagtohus copepodites at other times in the season, and reduced predation

by late instar Chéoborua and Notopﬁthalmus on D.p.B when the latter

were present. ) '

-
- ‘ 4

The vertical distribut@on of C2 during the day was different{from
- *

those of the older instars; C2 was evenly distributed over the middle
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and the bottom (tg(26y™ 1-432 n.s., Table 7, Year). This distribution
still favouréd Diaptomus copepodites and D.p.B since they were found
more at mid-depth. Also, C2 are not as voracious as C4 and C3 (e.g. Table
3). First instar Chaoborus distributed primarily at mid-depth (M) rather ' /

than the bottom (B) (t = 1.989 ##x* Table 7, \ear). However Cl have

s(26)

the least impact on the prey I have considered.
Vertical separation from Chaoborus during the day might have con— . ,
tributed tolthe survival of some Diaptomus nauplii in Hill Pond. Few
nauplii were taken at any time in plankton samples from Hill Pond, however
when some were taken during the.day they were generally taken at the

Vs
surface. Few Chaoborus were taken there during the day. Nauplii are

most vulnerable to predation by Chaoborus because of the small naupliar
body size. fedorenko (1975b), for example, found C2 to eat 20 nauplii
CZ—l d_l, albeit at a high naupliar density.

A significant degree of vertical separétion during the day would
have reduced the incidence of cannibalism among'phaoborus instars. In
Hill Pond Cl were found mainly at miid-depth (M) while C3 and C4 were
found mainly at the bottom (B) (Table 7). In the ;;allow Chaoborus tanks
in the laboratory, which contained a mixture of all four 1nstar§, CA and
larger C3 we;e occasionally observed ingesting Cl and smaller C2. Also,
the remains of many partially Higested smaller instars were removed from

the air-water interface.

N . .
All D.p.A were taken at the bottom (B) in Hill Pond (Table 7), where

they were extremely vulnerable to Notophthalmus predation. Thus Notophthalmus

|
could have been responsible for eliminating Daphnia in Hill Pond (answers

question (a), Temporal relations).Third instar €haoborus were also distri-

o

bqted mainly at the bottom (B), but were not elimihated. This supports




the idea that C3 must havelescaped predation by some means other than

a day distribution different from that of Notophthalmus (see question
. ' L » '
(b), Temporal relations). However, the observation does support the

contention that Notophthalmus delayed the appearance of the new gen- '

eration of C4. v

S

!

Influence of ambient light: day.
The location of the mode of the indicator (D.1.A) category, almost L.
always found at mid-depth, was significantly independent of the ambient

light conditions during the day (G = 1.648 n.s.). The data for D.l.A

s(3)
are presented-in Table 8.The numbers untdér "Middle" and "Bottom" represent N
the number of dates on which the mode waé found at that ?epth. Light [
‘;onditions are listed in order of decr;asing relative light intensity;

the caté!bries also represent variable light quality. The symbolg "1t m;

and "'gt m" indicate whether the Secchi disc disappeared above or below

1.00m respectively. ‘The two categories were distinct; at "gt'mf

'the Secchi disc disappeared between 1.25 and 2.00m (mean 1.58m) while

at "1t o", the disc disappeared between 0.60 and 0.75m (mean Q.QAm).

Included with "sun" were days with occasional cloud; "no sun" included

. v

overcast days and rain. It is probable that the distributions of the

" L
other animal groups were also indeﬁendent of ambient light conditions
during the day, because their distributions were significantly consistent

(Table 7).

Vertical distributions: night.

A comparison of the distributions of C3 and D.1l.A over the'coutae of

. i)

AY

26h is presented in Fig. 9. During the day, both groups distributed
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TABLE 8. Depth of the mode of the adult Diaptomus
leptopus population under different ambient light
- conditions during the day. See text. C
Light conditions™ Middle Bottom
‘ -
gt m, sun 4 1
o gt m, no -sun 1 0
' . 1lt m, sun 5 1
’ 1t m, no sun 4 0
~ ' 2 )
] \ G(3)- 1.648 n.s. (X 0.500(3) 2.366, P gt 0.500) ,
Y x gt.greater than
-1t less than
2 - ¢
. -
- ’ N -
S T o, =
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as 1've described above i.’{a. the§ were ‘z';eparate to some ex;:er_lt.\-
g . At night both C3 and D.l.A migrated. The night samples were taken
‘ beéween 61:00 and 02:00 h, ;:h/c:period when one might expect a midnight ¢
"gink" in species which initially migrate-up in the water column
( Cushing's paradigm; . Hutchinson,1967). During a sink the animals do
distribute at random. Therefore one would expect overlap between distri-

butions to increase during a sink period. ¢

Redistribution of C3 and D.1.A occurred, but some degree of separation

| was maintained between them during this pPeriod as well as during the day.

The D.1.A category was found to ha;ve two modes of abundance; 39% of the
.ar;imals wvere ‘taken at the surface (8) and 36% were taken at the bottom °

(B) (Fig. 9). Only 25% of the D.l.A were folnd at mid-depth (M), where

50% of the C3 were taken. Of the remaining C3,257 were talge‘thn at each og

the surface and the bottom. The only other 1&}' category present when -

night samples were taken was D.l.B,e‘and its distribution was similar to

*

that for D.1,A. Obviously, C3 and Digptomus must have passed each other

" sometime after sunset and again beforé dawn. ‘Although this would have
. N N . N

increased the probability that Diaptomus be taken as prey, time spent
in passingh represented only a small portion of the 24 h day.

Thus, the inf-ormat:ion in this section isﬁther evidence for the

i

suggestion that Diaptomus. copepodites might have persisted in the pres-
ence .of late 4nstar Chaoborus in July by way of significant vertical

separation (answers question (2), QUESTIONS ASKED, and answers further

. - , N
question (c), Temporal relations). No stati)tics were done on these data'’

o

because not enough samples were taken sirice access to the Arboretum at N

b, “

night was limited. However, preliminary analysis of samples taken at

night from a similar system, the subalpine pond 12 of Sprules (1972)

[ 4

. . ‘
1 » , i / Yy
[y 3 - - o
.
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3&‘1 (H) (Fig. 11A; Fs(l’s)-\’w"’\m’le J.i.). With respect.' to
. A 0*\ ' - ‘ ot

74

and Dodson (1974a), indicates that the distribution of late instar

Chacborus americanus and Diaptomus coloradensis copepodites were separate

there at night.

It is probable that there was no stratum where nauplii could have
been relatively #Wee of Chaoborus predation at night. Although no nauplii
Lhaoborus
were found when night gamples were taken, this assumption would be

accurate if, when nauplii were present, Chaoborus distributed as they ‘did
T o -

at night in August (e.g. C3 in Fig. 9)°. Either the separation of nauplii
and Chaoborus during the day was enough to allow some nauplii to survive,
or some other mechanism was responsible, possibly in conjunction with

L]
day s%aration. Nauplii that weren't eaten might have developed quickdy
! . ,

. d .
such that there was never a large standing crop.- ;

.

Long - cage pr‘ed‘ation.egperiments.

In Figures 10 and 12 I present the mean number of préy which remained

in each treatment (cage) after three d;ays. The number of prey eaten
vertical replicate—l .‘id“l ‘was deter.;mined by subtract’i;k)the number of
@ ° i A -

pfey,, remaining after three days{ in a vertical replicate with C4 (VP)

o

from the number of prey remaining after three days in the corresponding

vertical repl:lcabe'without C4 (VC). A similar procedure was repeated

A3

for Horizontal replicates. The treatment means were calculated simply .
- ‘

. 7 ° ©
by combining replicate data and dividing by 4 (the number Qf replicates).

Datétfor the mean number of prey eatén are presented in Figures 11 ~and'
< .'-
13, and’ atva‘!:j@t:k,q -61: all comparisons made in this section are ‘summar~

w L’B C ":ﬁ% -
ized 1in Table 11 v

v ..

.1.A#(19.75) vere eaten horizontal treatment

3 ' | ¢ - -
& While a mean of 6.7% D.1.A was eaten vertical treatment 1 3d 1

almost three times as many

—

. ¢

. N I
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. -  TXBLE 9. Anova statistics fr‘n long - cage predation experiment p A .
» compar {sons. ) . . . . ‘ ' N
' Prey;—pfedat:or I'Uhits ’ Comparison Greater Fs daf P
. . . combination e Lo observed ,

- ) Ty Al X \ ~
~ - : D.1.A - C&4 D.1.A,x VP with VC Ve~ 5.77 (1,6) 0.100 -
- -  HP with HC HC 29.11  (1,6) 0.005

<D r - HC with VC HC 8.2% (1,6) 0.050 ,
P . ‘/6./1.A,y<r H with V " H 36.42  (1,6) 0.001

P D.1.A,z  Hwith.V H .5.71,  (1,6) 0.100

i S Cl,x H with V H 0.00 (1,6) 1.000 -
£ o d :
i . Dp.B-t% . D.p.B,z H with V H '38.25  (1,2) 0.025

;g ‘ ‘4 X ’

i N ’ B ¥ : s ’

; @ X meen # remaining cage~! 3 days~! o ) i

é . .v > o 3 . .

s i y mean # eaten cage~! 3 days~1 /7 '*' .

{ * ' ’ N9 b

| 2 mean # eaten C471 day-l .
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A - 5 : . H
individual predators a mean of 0.44 D.1.A wal eat;:n Cl4_i1.d—1 in vertical.
ti:eatn;ents (V) whereas a mean of 1.27 D.l.A was eaten Cl;_i djl in o

1
.

horizontal treatments (H) (‘Fig. 11B; Fs(l 6). 5.71 ':'r, Table ]‘1). Some of
the C4 pupated 'during the D.l.A experimedt, but the small difference
(0.25 C4) between the number repaining in the vertical and horizontal

treatment\s»‘i:i? not significant (Fs(1,6)= 0.000 n.s., Table 11). A mean

of only 0.085 D.p.B was.consumed C4 L d”%

in vert):ical'treatments VAN
. wherea.s a mean of 3.95 D.p.B was consumed Cls_l d--1 in horizontal treatments
(H) (Fig. 13; FS(1’2)= 38.25 %%, Table 11). These DtP.B were 3 days old
or less. fince -Daghnia were fouﬁd_ Dot to reproduce before they were 7
days old in the laboratory under “'conditions’o‘f sintilar temperatures .and
unlimited ‘aigal food, there :vas little chance tha; the D.p.B category
would increase during. the enclgsure period. , : i‘\/
These results suggest that if pelagic zo‘oplankton and their main ‘

predators are preventeq from separating vertically to the extent that . ’

t‘n'ey do in nature, p;edati‘on rates are increz;éed. In this experiment the - 3
horizon;al treatments confined predators and potential prey to the same
shhlio;v stratum and bredatfi'on rates igcreased substanti)ly. 'l:he vertical
treatments provic}ed a water colv:mn, a}.though‘ «this experiment does not 1 , |
tell us if the animals distributed in’ ‘them as they ;:lid wvhen they were

free in the water column of Hill Pond. However, the aubs'tantial diff-, s
v - ( «

erence in predation rates leads me to believe that some vertical separ-

ation was occurring.’ The differerice An predation rates also suggests

that if vertical separation decreased at any time e.g. when predators v

and prey pasaed ‘each other at night; any increases in the predation rates
l S

s

were not nearly as great as they would have been if predators and prey

occupied the same stratum all day. Thus we have yet further evidence

. o~
T LY
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for the hypothesis that Diagtomus copepodites cooccurred with late instar

Chaoborus 1n.Ju1y by way of a significant degree of vertical separation.

We also have more evidence that without vertical separation the D.p.B

category in Hill Pond would have suffered severe predation by both late

instar Chaoborus and Notophthalmus, while Diaptomus copepodites wodﬂh

@

have suffered more predation from the former at other times in the season.

Some mortality of prey groups occurred in vertical control treatments,

3

but I do not believe th@ff}his fact invalidates the experiments. I return
, < ' ‘ ~
to this problem in the DISCUSSION.

?

A Y

In small - cage predation experiments, .a mean of 1.00 D.1M was eaten

Cd-l d—l. All D.1.A wererecoveredframcontrols.Althouéh no statistics

1

were done, this result is similar to that obtained from horizontal long-

cage treatments. There a mean of 1.27 D.1.A was eaten Cé—l d_l. Clearly
Y v ‘&‘
it would not be valid to relate such a result obtained in either way to

a predator-prey pair which separates to a significant degree‘in the

water column. ’ N

‘
0} v I

Predation rates: day versus night.

A .
In this and the following section D.c.A represents Diaptomus

L]

coloradensis adults.

» The mean number of D.c.A eaten Cé-l h_1 at night (t = (0,0012 n.s.,

8(4)
Table 10) (answers question (3), QUESTIONS ASKED). Since the day is longer

than the night in the temperate zones in the summer, significantly

more D.c.A were eaten Cérl during the day (15h) than during the night (9h)
) ‘ ‘ .
(t 8(4) = 3,131 %%, Table 10). During ‘the day a mean of 2.40 D.c.A C4 1

was consumed while a mean of 1.70 D.c.A C4 -1 was eaten at night. Howeabr,

it was during\¥he day in Hill Pond that the degree of vertical separatiou

-~
.

. RN IR bt et & 525 2
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. . .
TABLE 10. The mean number of adult Diaptomus coloradensis eaten per
fourth instar Chaoborus during the day and night. Experiments were
done in small tgnks in the laboratory. 'I‘wo replicates per treatment.
Temperatures 1] - 15° c.
5 %
Initial D.c.A » cé 1.—.1 D.c.A eaten D.c.A eaten
Nt T S c4™v n Tty
S . . day night - ddy night .
< rd . N -
10.00 2.00 2.40 1.70 0.16, ' 0.19
° ? ¢ »

(4)?3 131 **(%.050(4)= .2.776,4P lt‘O.E)iO)

= 0.001 n.s.(t = 1.533, P gt -0.200)

0.200(4)
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of late instar Chaoborus and Diaptomus.copepodites was greatest, There- .

a

fore, it is probable that vertical separation was most effective during

the day in reducing the number of Diaptomus eaten by late instar Chaoborus.
(
Since some degree of vertical aepara/tior‘x might have occurred at night,

gk

‘the number of Diaptomus eaten during this period might have been reduced

as well. .

e s B,

The numbers of D.c.A eaten C4—1 during the day and the night presented

“

v : .
here are not additive, because different predators were used in each set

.

of treatments and the two treatmerts were done one immediately after the

-

the other. . .

¢

Predation -rates: females with clutch.

The mean nu.mber of females with clutch eaten Clo—l. dnl, was not sig-
1 d—l

nificantly different from the mean number of D.c.A eaten C4 in

the same treatments (ts (4')= 0.277 n.s. Table 11) (answers question (4),

QUESTIONS ASKED). This result suggests that Diaptomus females with clutch

. - :

are eaten by {arger late instar Chaoborus in proportion to their abundance,

-

~ ‘
hence are no less susceptible to predation by larger late instar Chaoborus
} . ‘

“then other Diaptomus copepodites. Diaptomus females with clutch distri- .
buted the same way as other Diaptomus copepodites, therefore the sighif- st
icant degree of vertical spearation between them and late instar Chaoborus’

probably reduced predation on them by these Chaoborus. :
L 3

‘Diaptomus copepodite populaf:vion projections. ' ‘ ' ~

* . : -
~In this section I contrast the growth of two hypothetical pelagic (9

Diaptomus égpepodg‘ite populations living in shallow water bodies. One

‘

population (a) has a‘sigi:ifi’cantly different vertihcal distribution from

o
N - |

rl




EETIVRN

e

RER N

é.
5
£

%3Fay P

P
«

*

N '

. TABLE 11. The mean number of adult Diaptomus coloradensis '
(any females non-gravid) and D. coloradensis females

s with clutch eaten per fourth instar Chaoborus per day.
Experiments were done in small tanks in the laboratory.
Two replicates per treatment.Temperatures 11 - 15° c.

- < L - " .
- Initial 'D.c.AY ce 1.1 D.e.AY eaten -

- - @
‘ 1.-1 . . . Clolc!l

. . .

4.80 / 4.80 1.80 " 0.89% / 1.00% .

=;0.277 n.s.(t

S L= 1. P gt 0.2
- Cy * ) 0.200(4)" 1-733, P gt O °_°)

) ~y clutch / no cluteh . e :
. <y L

. ' ' ]
f B
. . ! ‘, ~ s
v ’ v ..
. < " .
. N .
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5 ' 4
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. for both (a) and (b). Although arbitrary,it is probably within the range

. 2Ry, .
. ¢« The populatém prbjections a.re\pre”sented in Fi}, 14, and the implica- -

4
! ,
1 .
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that of a Chaoborus (C4) popula\:ion, and one (b) does not. The popula.tion
’ v ’ ’
parameters used are presented in Table 12. The formwla used to calgulate >
- »
projected. population levels (Nt) was described under METHODS.

The numérical va;ﬁes of No (initial number of Diaptomus copepodites

< e S AR i L Y

1._1) and P {number of C4 l._l) were taken from field and long - cage
' experiment data. The value of No for both populations I set equal to ’
the overall density of Diaptomus copepodites on 13 July, 1977 in Hill ‘ \f

Pond (Fig. 5A), the period when Diaptomus was low in abundance. This

, value is also similar to the overall initial density of D.1.A (2.68 1.—'1)

~

used in the lgng - cage expériments. These values are similar to the

.overall density that was found for C4 in Hill Pond on 13 July. ] "

Theafoqula for the c‘alculfation of f.eeding'rat;as,c, was described L b
under METHODS. The valued for ¢ for population (a) ;and (b)a were
determined from vertical and hor?zontal treétment data respectively X

s
(Fig. 11), because vertical treatments did not prevent vertical separation

whereas horizontal treatments d‘i‘dUAlso, the cages in these treatments

were of the same ”scale_ -ag the watér column for which the predation ratesg '

were determined.. : . . L
The value of r (the rat‘e of increase of the Diaptomus population) . ‘

. N . .
was arbitrarily ,e‘t equal to 0.070 (individuals individual 1 ad 1)

. o s
of the same parameter for natural populations. McNaught (1975) presents

data which convert to a value of 0,120 (individuals individual'—l 3d_1)

s

. . l
for r (iftTinsic rate of increase)/gforL Diaptomus. ,

s B

tions are clealf. Althoygh both popuiations have been given whaﬂgﬁay be &'
. . { - R T i

moderate rate of inc’reéue the population which does not separ,ate'\‘-

AR
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Diaptomus copepodite population projections * .

i *, “ 1

{ Graph No r . c P Nl 5
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FIG. l4. Hypothetical Diaptomus copepodite populafion projections. See
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vertica}’ly from its predators declines significantly, while t:he“p}i\pulation
‘. i

-which does sepsrate to some extent continues to increase. One might algo

. ' \ \- N s f‘
achieve a graph such a\s (b) (Fig.;llo) if a singie fefzding rate, d°et:erminegl
in shallow vessels, was applied :b. predator-prey densities in a sy'st:ah

where they'had significantly doifferent vértical distribu\tions. This would

" be the result if c was high which is usually bhect%se with laboratory

determinations of finite feedifig- »ra?es.

‘ If the Diaptomus co{:epodfte population iﬂ-lill I;pnd was a ty"pé (Kb)
(no separation) population, and if one were to project its grqwth the "
decline in abundance would be greater than J‘le decline that I've shown

for\,\(b) i»n Fig. 14.While I've used the ovérall ‘densﬂ:y for Diagtomus

in Hill Pond“on 13 July as the value of N above, 1 co‘nsidered only the,

h 72 population there. The overall density of C3 in Hill Pond on 13 July
-
was (.90 C3 l. (Fig. 5B). (ieneral predation pressure would also have ,
. ¢ : /

been increased by C2; which varied between 0.63 C2 1.—’1 and 1.59 C2 1.7L,

Also, the ov'tall density of late instar Chaobdorus did not change much

Il

* in July. In such a case (constant predator den;ity), the feeding rate

would probably increase exponentially as the gbundance of prey declined.

Maly (1978) found that the function of the feeding rate of Didinium gn

» g

Paramecium was a negatfve exponential when plotted agains.t‘ increasing
initial Paramecium density. "

I\
In conclusion, the Diag:o 8 population in Hill Pond in July.would

, have been :Ln a precarious poaition wi,t‘n r,espect to extinct:bon without -

some significant degree of veytical separation. !
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¢ ' ' ] " L
\’ ’ “ . ) . .

. ° . v .;- ‘\ .

i o \ ) b
’ \. , b
» . . P 'v/
‘AL -
‘ LS

LR ees

.

PN

b




] T e * 4 -—-:\___/ . iy &“%
) communities: v T - : o

- - late instar Chaoborus americanus and predatory larvae (and ‘adults) of

. ’ have such vertical distributions when their predators are abundant.

A Y

r o DISCUSSION "+ " o

ThP#s study suggests’'that. there are four ‘important aspects of vertical
N

distribution with respect to predation in shallow w.;ter zooplankton

v “ (’

- (1) Pelagi\; zooplankton groups (inc.luding females cwing clutch) and S

their main predators may aften have ‘signifcicantly different vertica;l

s distributions in relatively shallow bodies of water. In such systans S

_— -, pelagic %oplankton groups may be much less:abundant if they do not:

1
et . I 14 N, 2

. e

‘ Innnat:ureiDaPhnia pulex in Hill Pond had a distribution durins the day

which was sig,nificantly different from thuf of their main predators. w

°

KN ? immature Daphnia became relatively abundant when the most voraciouq

’ SN ! o \x\)

. o groups of both predator species' were abundapt. Late-inst‘r haoﬂorus
A ALl L

.
~

w in Hill Pond ‘d1d nov separate from their Sredator Notophthalmus and

.
\ N ’ A

i A - . N i
/ i were reduced 4n abundance. ‘ . _—
? . ’ .

\ A ~ [ A w
Significant differences may also occur befween the vertical dias- .

tributions of predator groups belonging to the same speciles but of .
different age in relatively shallow systems.Such differences in diatri—-

bution may reduce the incidence of’ cannibalism by older groups on younget

5

L [

LA ) cannibélism by late instar Chaoborun »¢had n \grticll dis;ributiqn

J ‘a

during the day iu Hill Pond vhich vas -ignificnw different ftt‘h thoae

of late instars (e.g " Tahle NS . ' L2

“(2) If ptedato'ra and main prey do not uparl\ta vertically when they are

§ together in relatively lhallw lyltu- » the fon-r-ny duhyfiﬁ:\)
u

' S ~ . . >

. ’ Lo + *
- \[ K * Rl o,
Y . ' . K v, »

,C. ' . . e - - o’ -
G‘ -

»~the salamander Not@‘hthalmus viridescens (e g. Table 7) For @ ti‘me ) ’ )

r ..-; groups when both are present together. First instar Chaoborus vulnsjablé . .

i
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appearance of those prey,, hence give‘\r_ise to unusual patterns in the _

- important at times when the potential prey species is present at low to

- also be particularly important (But not restricted) to mature females

- i
v

» /

appearance of various prey life stages. \Late instar Chaoborus did ndt

separate from thelr preglat':or I!otophthalﬁus during the day (when the - ‘
\ \

latter feed; Attar and Maly, dubmitted)anﬁ\' the pattern of appearance,

i

of {fstars was: C4,1,2,3,1,2;3,4. (Fig.G;Z\camposition reflected deﬁsity

! . \
- . ~

changes).
(3) If a pelagic zooplankton group in a ﬁhallbw system does not have
a_vertical distribution which is significantly differe'nt\ from those of

its main predators, “the épecies to which the group belongs might even

’ LJ

be eliminated from the sy‘st.‘ Significant separat:l*m inéy be particularly

~ 1 ’

moderate densities and its predators are relatively abundant, and may

El

carrying clutch. Di&ytohus iﬂtopus would probably have been eliminated o

from HillyPond b); Chaoborus,if .Diaptomua life stages, particulariy
N . ‘ v

copepo.dités, had ;;ot had vertical distributions which were significantly J

.
.

different from those of*the-appropriate {instars of Chaoborus. This would
I )
hav‘e'occurred during pe‘tio%s when Chaoborus was abundant and Diaptomus

was not. Mature Daphnia pulex in Hill Pond did .not have a day dfstribu-

ok ¢

tion which was different from that of Notdph'thalmus, and Da;hnig pulex
was eliminated there. It is proﬁgble that the effect of predation on

mature Daphnia by Nc;tg)hthalmus was heightened by’ food limitation.

(4) Thus, vertical structure may often be an integral component of pelagic

zooplaﬁkton communities in relatively shalldw bodies of water.Further,
. .
the vertical structure may be complex even if there are but a few species

in, the community (four,in Hill Pond). Much of the complfxity can be,

Vexplained by way of age differences within species, as I've alluded to




ce e e

N
However; no consideration.was given to where the animals were in the

AN

-t

1

above. One such differencelis obviously body size. An increase in‘bddy

size hay, for examgle, nake a particular life stage of a species less
J .

susteptable than a previous lgfe stage to predation by a certain category
of predator, hgnce allow the larger 1ife stage to distribute (for
whatever reaéon) with that category of predator. In Hill Pond immature .
Daphnia pulex had a distfibution significantly different from those of.

» o

two of .their main predators there, both late hnstars,of‘Chaoborus.

Mature Daghnia, which are less vulnerable to, predation by lage instar

E e e oA L g S8 3l i

Chaoborus (e.g. Dodsom, 1970;‘Spru1es,1972) mainly because of their

—— LN N

gize and shape, did not separate vertically from that preda%or group.
. . A

. 4 f N
’ .

'Vertical distributions, encounter probabilities and sampling.

Generally, investigators have either ignored.or given token consid-
« . { A
eration to the aspect of vertical structure in studies of pelagic zoo-

plankton communities in relatively shallow bodies of water, particularly

N

with respeét to functional relationships. Dodson- (1970) attempted to

\ Ve
orus americanus and Ambystoma
rd M -

quantify the impact of predation by Chaob

tigrinum on Daphnia spp., in the whole of Leechmere Pond in Colorado.

water column and-any changes thereof which might have occurred between l
day and night. All his\samples were taken at mid-depth and only during

the déy. With respect to thg whole water column, the as;umption inherent

in his procedure was that the animals distributed randomly (or uniformly) -
throughout the.column é; all times. Also implicit with respect to the
procedure was the "assumption that Daphnia had an equal probability of

being encountered thrquihout the water column and at any time. Sincev

the zooplankton community in Leechmere is similar to that in Hill Pond

A
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N\

(this study) perhaps stages of Daphnia and their main predators in the
former had verticaI. dist'ribx‘xtions which were signi\ficantl& different,‘a
at least during the day. If this w.as the 'caae.Daghnia in Leechmere did ,
not have an equal pfobabiiity of being .encountered throughout the water

. l .
column not at all times. Indeed, Dodson's zooplankton population esti-

. ] <

mates for the whole of i,eechm?re» would also Have been inaccurate.
Predation was one of severz:1 mechanismg considered by Spruies (1972)

in his attempt to-define the factors-controlling the presence or absence

of species in zooplanl\cton communities in subalpine ponds. The depths of

these ponds ranged from 0.5 to 3.0m . However', no consideration was

given in his analyses to wllere the animals were in the water column

and any cha;nges the~reof which might have occ;urred between day and night.

He realized that animals might have had different distributions, at least

during the day, but he combined the quantitative samples (surface and

bottom) which he took during the day. The middle of the water column in
' j

the deeper ponds was not sampled. The zooplankton community in the deeper ‘

pond was similar to that in Hill Pond, hence it is probable that predators
and their main prey in them had in most cases significantly different
‘distributions, at least during the day. Therefore the only additional

information (relétive to that attained by Dodson,1970: see above) which
‘he might have gained‘after combining samples woul;l have been more.
|

accurate population estimatgs for the whole water column in the shallower
ponds. Cc/msid.eration of di?ferences betwee‘n vertical distributions might
not have changed most of Sprules' (1972) conclusions, but would have
provided a mor;: complete understanding of .how conn;!unity con;positions

s

were determined. Consideration of distributional differences may not.
A\

have mattered in the most shallow of these ponds (bﬁt see énd of
. 4

-

¥
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" shallow lakes, but it appears that‘they did not consider depth-distri-

. - - ’ o

'

DISCUSSION), but this.possibility could have been explored by Sprules.

Allan (1973) attempted to quantify the impact of predation by

Chaoborus nyblaei and C. punctipennis on a population of Daphnia parvula

(among other species) in Hummingbird Lake (maximuﬁ\depth 5.5m) in Michigan.
He too gave no consideration in his analyses to where the animals vere’
in the water column. He realized that zooplanktets in the Lake had

different distributions, he even sampled for Daghnia at two depths

(0.5 and 2 Sm) during the day,

C

ev. toO gain some insight into spattal distributions."
(Allan, 1973)

Although most of the Daphnia distributed at 0.5m during the day, it (k | s

o - . ;
appears that the Daghnia‘population estimates, which he used in assessing

\

Chaoborus predation , were calculated by pooling data from the samples - .
t;:;n at different depths. Allan did not determine the distribution of

Dag ia at night nor did he determine Chaoborus distributions for the ! " |
day or night. Thd\éhaoborus densities which he used in his predation- J {
assessment; were those for the whole water column: ihe tacit assumption
in thsnprddétion agpect of his work was that Daphnia had an e;ual _

probability of being encountered thrOughout'the water column, and at o

any time. If Chaoborus and Daphnia there distributed in a manner similar

[y

to the way the same genera did in Hill Pond, at least during the day,
it can be concluded that the assumption was not valid.
Other investigators.(e.g. McQueen,1969; Confer and Cooley,1977)

~7 ' [}
have examined the impact of predation on zooplankton populations in .

I .
butions in their analyses. McQueen (1969) studled predation by the \

v I \ .
copepod Cyclops bicuspidatus thomasi on its own nauplii and the nauplii

Y

" e T T T ———NY
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- predaceous late copepodites of C.b.

H

&\

. .

and cgpepodites of Diaptomus oregonensis and D. hesgeius in Marion

Lake (maximum dépth approximately 5.0m) in British Columbia. Confer

and Cooley (1977; using Cooley's data,1973) studied predation $y Meso-

cyclops edax and Episcﬁura nordenskioldi on Diaptbmus minutus nauplii

:f’ . X .
L ®

iﬂ Bluff Lake (maximum dejth 7.0m) in Nova Scotia. In both cases samples

ffom different depths wer; combined to calculate standing stocks. Also,
the water column had been adequately-sampled (interms of the number of

depths) only for“either the day or the nléﬁt. Since no data on vertical
¢ N
distributions were presented it is difficult to analyse these situations

further. ) o, . .
’ \ - \
{

McQueen (1969)  did state that vertical separation (during the day)

-

. ;educed,thé possibility of predation 'on nauplii from 15 April to about

15 Juné, 1967. However, it is probable that separation was not important
A AN
'during the latter half of this period Because his data show that the

b thogasi that he was considering | N
were not abundant (maximum 2.64 1.—1) relative to thé étanding crop of

all the néuplii (maximuﬁ_about 40 l.-l). The 'reason there were 8o féw

C.b. thomasi copepodites at that time was of course that the bulk of

the nauslii then present were those of C.b. thomasi; the new generation

of late instar copepodites simply hadn't developed. There 1s a more

" fundamental problem with McQueen's study, which I return to below.‘ﬁ

Confer (1971; using the ddata of Maslin, 1969) examined the impact

of predafion by Mesocyclops edax on Diaptomus floridanua copepodites in

Anderson - Cue and McCloud Lakes in Florida, the depths of which were |

not mentioned. Since no data on distributions, including sampling inter- h

vals, were presented, further evaluation is not possible. He did state

5
that for most days (24 hourg?) predators and prey had about.the same

\

\ N
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vertical distributions. He also stated that at any particular time more-'

-
\\ S

than half the apimals were in'a third of the water column. ° o :

I know of no studies of competition in_shallow vater bodies where . ot
vertical distributiéns have been adequately considered For example,-v‘
Hammer and Sawchyn (1968) studied congeneric associations of copepodites .
(including adults) of seven Diaptomus spp. in eomeodeep‘(about 1.2-2.5m)

Saskatchewan ponds ( as well as ephemeral ponds), and acknowledged that;

"Microhabitats preBably existed .and vertidal segregation could occur.’
, (Hammer\and Sawchyn,1968) )

but took eambles only immediately Below the syrface. Dumont's (1972)
' ‘ H .

study of what he thought were competitors has already been discftssed

]

(see THEORY). Ironically, it appears that the animals he chose to work
with were ﬁnedatbrs and prey. Other investigatoia have made simildr
errors; Hammer.dgd Sawchyn (1968) mistook late copepodites of the large °

v, ‘ .
Diaptomus (Aesperodiaptomus) arcticus as competitors of other dlatomids

€<ey w\te studying. They have been found to be predators “(e. g. Anderson,

19fb) aA@ probably ate the nauplii of other diaptomids in their study

ponds. Latée qopepodites of the large, closely related D: (Hesperodiapt&nus)
N . N ~o
kiseri in their study may also have been predators; late copepodites of.
' 1‘? -
large hesperodiaptomids e.g. D. shoshone (Anderson, 1967) for which

feeding has been investigated have been found to be predators. ) . .
BN ' ¥

! certain investigators (e.g. Fordyce, 1900; Teraguchl  and Northcote,

1966; LaRew, 1971) had presented evidence that perticular zooplankton

groups can have specific distributions and migrations in relatively

shallow waters. These investigators were not concerned with functional

?

|- R
ecological relationshtqe. Fordyce (1900) fourd that Leydigia fimpriata

migrated up to the suffdee of a Nebraska pond late in the day,. bdt(yere

not to be found there at mid-day. Unidentified copepods spent most Bf ‘

(3
1

~ )

3,
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heir time nearer the surface. The pond was less than 1.0m deep. |

4

Teraguchi and Northcote (1966) observed the distributions and migra-

o 1

] : L.
tions of fourth instar Chaoborus flavicans in experimental columns 2\ 0Om .

deep (insidé diameter 0.145m). For most of the day and during the‘middle

)

of the night tﬁey concentrated mainly below abmfta 1.4m, migrating towards
) : ¢ -

.

[the surface ldte in the af'ternopn or early evening and early in the mor-

1 a (O ’

‘ ning to some extent. This pattern was that of Cushing's paradigm (Hutchinson,
' ) .

. . . EEN

1967; see Vertical distributions: night).

. " LaRow (19_71) us$d somewhat smaller columns (1.5m deep X 0.10m inside

diameter) to examine the effects of various 02 concentrations, temperature

, a

and the presence or absence of zooplankton food on the vertical migration

« by Chaoborus punctipennis. No data were presented for day distributions,

but presumably théy were all at the bottom in the mud (e.g. LaRow,l968,1969).’@,

Even at night, mbst Chaoborus were beléw 1.20m and almost all were below

- 0.90m, except when 02 concentrations were low. Even at an 302 concentration
-t ¢ N ¢

concentrations in Hill Pond, no

of 4.l4ppm (mg 1.—1), comparable to 02

more than about 15%@? the Chaoborus population was above 0.90m. The P
pattern of migration was usually a s:fngle maximum at 23:00h under con-

ditions of low O although on one occasion it followed Cushing's

2,
paradigm '(twb maxima). LaRow did not consider where the zooplankton food

S
was in the columns, but the Chaoborus generally responded in similar ' .
I's >
faéhion whether food was present or abgent.
Tlhere is of course abundant evidence that zooplankton groups have ,

1

particular distributions and or migrations in deeper lakes (e.g. Teraguchi .

.+ and Northco.te,1966; Rigler and Langford,1967; Sandercock,1967; Roth,1968;

N

Carter,1969; Fedoremko and Syiff:,197'2; Hart and Allanson,1976;Carter and

Kwik,1977; Lewis,1977). However, in some studies of this kind the nature

a

\
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.of the distributions and migrations particularly of smaller zooplankters :

could not ‘have been defected because the sampling interval was too great.

For example, Wilsongmd Roff (1973) attempted to define the depth dis-

A4

tribitions and migrations for all cruataceans including Diap\;omus minutua

-taken in vertical towsamples over 20m intervals in Lake Onga/rio) Carter

(1969) took sample§ over 3.0m intervals from the surface to 15m of depth ‘
in Parry Sound, Georgian Bay, and found a significant proportion of D.

-

minutus to concentrate within one 3.0m stratum (at the surface) in the

summer. Obviously there 1s some \quef’tion as to the accuracy of the dis-
tributions and’migrations depicted by Wilson and Roff (Y1973) for ‘the
smaller’ zoop\lankters The data of Teraguchi and Northcote (1966).

Sandercock (1967), Roth (1968), ’Fedéfenlgo and Swift (1972) and Carter
2l ‘ f ~
and Kwik (1977336 show that significant population maxima can occur -

» L
'

within strata or severallmetres deep.:
Generally,samples should also be taken .t least every half metre

in water bodies having a maximum depth less than 7 0- 8. Om, as Confer

and Cooley (1977) did. For lakes abo(ut 20m deep, I recommend that samples

)

\
be taken at half\metre intervals for about the first 5.0m,"™.0m intervals
for°the next 5.0m and at 2.0 - 3.0m intervalscthereafter. For larger
¢
lakes greater intervals would be satisfactory for deeper samples e.g.

Carter (19695. but the'half metre ‘'sampling intervals should be used for
- 1

the first 5.0m. For ‘gfeat lakes an'interval of 1.0m might be adequate

- ’

mnear the ‘surface. Even in large lakes small zooplankters might have

definite distributions fn response to surface water movements, such as
those that Stavn (1971) found for Daphnia magna in response to Langmuir
circulations in laboratory tanks. Sampling should also be done at least

once during both the day apd the night “to monitor any changes in distri-

\ -~

N

\
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have p'rqbably overestimated encounter jprobabilities. Investigators of .

\not.~possi,ble\to evaluate their studies. Data exists which demonstrates

98

-

.

butions of populations which might occur between them.

\ a

In summary, most investigatbrs of Chaoborus predation in relatively
' 1

shallow systems\have not adequately considered the vertical distributions N

and migrations of 'predators and prey. Consequently, these investigators -

-

. . . J )
oy B | * . {
predation.by both zooplankters (copepods) in such s&ystems have at times* -+

‘considered the above, but have not predented their data therefore it is

-

relatively specific distributions for many zooplankters, parﬂiculary in
relation to other zboplankters. Minimum sampling programa: for lakes of ;

various depths are ,recommended.

Predation rates and impact assessments.

d \,
N .

Generally, investigators appear to have misused experimentally
determined rates of predation in their. assessments of the impact of

invertebrate predation. Both Dodson (1970) and Allan"(1973‘) determined

1

mean predation rates (e.g. Daphnia eaten predator d_l) in small vessels

)
( 0.30 to 1.00 1.), at only one or two high prey densities (-50 to 170 -4

individuals l.—l), and only for fourth 1instars of each Chaoborus species.

The rates of predation on Daphnia variedi from 0.88 to 4.40 Daphnia eaten

¢

predator_ld‘l, depending on the species used and the set of replicates
considered. These rates were then applied to the whole of the water
\ \

columns in questio'n. All prey instars e.g. of Daphnia were placed in the
1 . N I

same prey category, and both late instars-of Chaoborus were placed into

’
v ¢ 1 ¢

the predator category. The assumption inherent in this procedure was that

all prey, e.g. ﬁaghnia, had a high and equal probability of being ‘eaf:’en_,

throughout the water. column, and at any time, by both‘late instars of
. \ | !

i i

\ o

Sy
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August 1968 ) his Chaoborus - Daphnia densities at mid-depth, which he

‘ *

Chaoborus.

S\ince the systems studied by Dodson (1970) and Allan (1973) appear
l . . .

AN

. .
to have been similar to Hill Pond, their assumption was most likely not

valid. In Hill Por.xd those prey which cooccurred with their main predators
‘ i,

generally had significantly different distributions, which would reduce

encounter probabilities. Tl;g predatioﬁ rates that they found were compar-

able to that which I found in horizontal treatments ( 3.95 immature
~1,-1 O L

‘Daphnia eaten predator "d ) which prevented vertical separation.

It is probable that Allan (1973) significantly overestimated t:he impact

\
of Chaoborus predation on the prey populations he was studying Dodson

t

(1970) may have done the same thing, although it is difficult to evaluate

.his assessment because his overall density estimates ‘were probabfy

inaccurat’eﬁisee previous section ). However, on some dates ( 13, 28
Al

i
assumed vere representative of the whole water column, were similar to

RN

\_t:he densities of animals I used in the ldng-cage experiments. Chaoborus

s

was a voracious predator in the experiments of both investigators, but

significant vertical separation would have prevented it from being one

N }
1

to a significant extent in situ.
1

\ §prules (1972) found similar rates of preda'tion for fourth instar

Chaoborus at high densities ( 25 Bzmhnia rosea plus 25 Diaptomus coloria--

- . {
densis 1. l) of similar sized prey. ‘ff}e'former ate 3.5 zooplankters

predator—ld_l in this particular experiment. Sprules did not apply his

data to populations in situ.

McQueen"s (1969) estimates of predationgby Cyclops bicuspidatus thomasi
{ i
on its own nauplii and the nhuplii of-Diaptomus oregonensis and D.hesperus
in Marion Lake may also be significant overestimates, but for reasons
( :

| ; .
' other than those discussed above. There appears to be a discrepancy in

k™

. ]
AR e m
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his analysis of data. On July 06, 1967, for example, there were about
33.0 nauplii 1.-1 (all species) and abundant predaceous _(_:l)_ thomasi

%

copepodites (24.4'1.—1) over the whole water column. For this date his
estimated proportion of nauplii (all species) removed‘d-I\ by late C.b.
thomasi copepodites was' about 132. There were of course other potential

prey present. However, if the straight line representing the number of
N .

< - - .
nauplii (all species) eaten predator 1d 1 plotted against the number of

¢ 4

auplii 1._1 (when offered in a mixture of possiblé prey) in his Fig.4
o )

-

was continued to the abscissa, it“wquld have intercepted the .abscissa

at a point about or aboveF 33.‘0 natplii 1.1-1 and where the number of

3 ! | -1 .~ - ,// )

nauplii eaten predator ld 1 was 0.0. The starndard deviations \at the same
. ) . 1 P

end of the graph, although large felati_ve to their; means, were exceed-
. ' N\ /
ingly small in absolute terms; for example, at a density of about 90.0

. -] - A
nauplii 1.‘1, the number eaten predator /ld 1 was approximately 0.25 ¥

%

0.05. Nauplii may not have been the main prey to C.b. thomasi copepodites.

¢

If one accepts ‘McQueen's (1969) analysis, the copepodites of C.b.thomasi

*in Marion Lake must have eaten something else there. Rotifers could )
EY . 1

have been their main preyé’\he found for example, that Keratella cochlearis
was eaten at the relative high rate of about 0.50 predato:f-lc:l—1 at a ‘
Keratella density of about 50 l._l in the laboratory. Few Keratel\la were
eaten when'they were \included in a mixture of prey, so 1f rotifers were
the main prey the former probably weren't among them. That Keratella‘

\ -
‘weren't eaten was not unusual. Gilbert and Williamson (1978) found that

" Mesocyclops edax ate the rotifers Asplanchna girodi and Polyarthra vulgaris,

but could not penetrate the loricae of Keratella cochlearis hence released

tl}em unharmed. '

The difficulty with the suggestion that rotifers might have been the
h B -
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main prey to C.b.thomasi is that McQueen doee; not rep‘ort which rotifers
wére taken in samples, nor how :abum?ant they were; in 1966 and 1967. He
used Keratella és prey because its r_anaing (loricea?) were among the
> 1d;ent.ifiab1e matter in the guts‘ of C.b.thomasi. Since much of the gut
. matter in ‘zooplankters has been found to be unidentifiabie, including
that; in (;haB?orus which eat largely definable items (e.g. Fedorenko,
) 1975a; Lewi;, 1977 ) as opposed to detritus. it is unlikely that the
remains of many rotifer species would have been indentifiabl}e even if

2
they had been abundant in the guts of C.b.thomasi. Lewis (1977) found

¢

that the remains of Keratella cochlearis and others were identifiable

. \
wpereas those of Polyarthra vulgaris and Hexarthra intermedia were not,

A

in the guts of Chaoborus after only moderate maceration.
Confer's '(1971) procedure suggests that the impact of predation

by Mesocyclops edax on Diaptomus floridanus copepodites in several

Florida lakes was not as great as he suggested (l.1 énd 5.6% of the stand-

ing crops d—l). He set the prey densities which Mesocyclops might have -

o enco;mt_ered 50% above their estimated overall densities in the lakes.
He did this in an aftempt to\compensate for the fact that half the
. " animals (both speciei:s) were con\centrated in one third of the water cglumn
rather than randomly (or evenly) throughout it. He stated that the speciés
had similir Jistributions; if.this was the case a 1:1 relatioship between:

N ‘ the number of prey eaten predator-ld—l. and prey density would be necessary

if the impact of predation there was to be similar to the impact 1f the

animals were distributed randomly (or evenly) throughout the water column.

A larger ratio would be necessary to warrant the 507 increase. However, f«\)
\

his data show that the ratio was much smaller than 1:1. Confer over- |

estimated the impact?, hence the significance, of predation by Mesocyclops

N \ .
on copepodites of D. floridapus by at least 50Z.

S ovapns S 2 S ——
IR T T
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ChaobofuslPredation on the zooplankton of Eunite Lake, British Columbia.

discusged above. She, %or example, -multiplied the degsity of a particular

’ *
. well below those required for maximum Chaoborus feeding.However, her
— )

y
N N i i

Confer and Cooley's (1977) data show tha ceediﬁgif‘high predation

rates would have been necessary if predation by AEpischura nordenskioldi
fai

and Mesocyclops edax were to account for significant mortélity to N

nauplii of Diaptomus minutus. Iﬁey concluded‘that sdhh-predatiop could
it .
account for most of the naupliar mortality, but they took their rates ’ ] A

of predation from:the literature. Most of these rates were unusually -

~ & .
¢ &

high because- they had been determined at prey densities which were
. ®

abnormally ﬁigh. Confer and Cooley (1977) may also have overestimated

predation by the Jtwo cOpepods'on.Q.‘minﬁtus. ; v [

-~ . 13

Fedorenko (1975b) appears to have given relatively complete consid- -

eration to encounter probabilities in her assessment,of the impact of

P
1y

This lake 1is as faf as I know a much deeper éystem than the 6therslI've

cétegory of predatbr by the predatérs‘feeding rate at the prey density

found there. Although she has not stated it as such, she seemg to. imply

N

. 7

that the above was done for both the day and the night, and that final

estimates were averages of the: two.

"Fedorenko (1975b) may still have overestimated the effects of predation,
0 f ]
o . - . )
because<ghe assumed thatlthe presence of one prey population %}d not
affect Chaoborus predation on gpther prey populationms. Presumablf this

was based on her observation that prey densities in Eunice Lake were® \

]

A

assumptiof® is questionable. For, example, Sprules (1972) found fourth .

instar Chaoborus americanus to eat a mean of 3.5 zooplankters predator_l
«

d-l (my calculations) from a mixture of Daphnia rosea and‘Diggtomua'

- ‘ -
coloradensis (approximately equal numbers of each), while I fouhd-the :

same category of predators to eat a mean of 3.95 Daphnia pulex pr:erlator—l

.
»

"
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[ ) ., ' .
d 1:l.n horizontal long-cage treagments. Daphnia were presented alone as

- ¢

prey in tffe latter  case, and at lower densities. L \

Al
2

¢

Although rates of cannibalism by Chaoborus have not been reported in
ol :

the literature\, there is evidence that they can be significant in nature.,

Ey

A
:\ 3

.

~

For® example, in Sept s 1972, Chaoborus remains made up more than 50% of

the Jbiomass found in crops of C. trivittatus.,in Eunice Lake (Fedm;enko, >
) ' \ |{ o
1975&) Rates of Chaoborus cannibalism may premarily be a regponse\ to
\
the Ppresence of .vulnerable 1ndividuals (Fox, 1975) She stated thati, for

e

some species, rates of cannibalism were consistent with simple encounter
modelg’ in ‘which the porbabilit}; of attack was pxioportional \‘to the J)robab—

ility of encountering a vulnerable individual.- d
‘ | oo ’
In summary, investigators generally appear to have overestin!t:e_d

-

the impact of zooplankton predation on -'gther zooplankton in nature.~
‘ .

. Y] . N
ﬁ‘lis resulted from the-use of faeeding rates which were, fg_r whatever

redsop, too high. Some of them, particularly for relatively shallow
o« o - ’ o ’ ' T

. s .,
chaoborid systems, were high because differences between the vertical’

2

distribut:ions of Chaoborus and prey, hence differ%nces in encounter '

¢

probabilities were not consideted In this study, fourth inst:ar

Chaoborus werg voracious predators on particular categories of zqoplankton

e . \
in sma:lll aquaria, which prevented Beparation between them, anq3 their prey, l

-~
o

but significant vertical separation in situ reduced the number of prey

eaten.. ‘ . - |

M »

Many of th'e copepod preda;‘ore for "which predation rates were deter-

a 4 \

A -

ined might have;been eating prey in hature other ¢ han those co'nsi.dered
] .

oin the studies. The reason: predation rates were very low at’prey L -

[ w

densities si*lnilax' ito those found in nature, even if tye. predatoys and o=

prey appeared to halve similar distributions. If this was the case), the : °

Y
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- similar considerations in various aspects of. their work. .
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. N ) -
potential for differences between the distributions of the predators and

> the other prey would have to be considered in assessments of the impact

4

v i * \ v
of predation on such ptey. Differences between the distributions of

predators and lees'significant’prey (those studied in the above repctts)
- 3" ’ A kol - h

would ‘have been less, 1if at all, important. .
Othér factors must have caused a significant porportion of the mor-

tality to prey if populaticn estimgtes of the latter in:some of the

copepod predator studies were accurate. Thig, aspect I return to in the

. section Other causés of distributions.

.
Wt

—

- . v

Age (size)'specificitj. ‘ ‘ . . 6

d

. Authors of the ehailowwaterwstudies discussed above should also
‘have’given more coﬁsideration to age (size) differences within species,

“ag”I ha&e alluded to in the two previous sections. Allan (1973), for .
N i
example, did hot consider differences between'the vertical distributions

of pred/tors and prey in his analysis, let alone whether different life—

stages had different dietributions. Also, neither predators nor prey
i - ) P . L
werd divided up into age or slze categories within species in his

determination of predation rates. The other authors (e.g. McQueen,1969;
’ r

Dodson,1970; Confer,1971; Confer and Cooley,1977) could-elso have made

' ¢
o : 4 "It is important tgat all 1life stages of a specles be considered in
’, E)

! ;% ieast‘the preliminary portions of predation assessment studies. Some !
A v N

.- investigators have mistakenly‘concluded’otherﬁiae e.g. . ‘
"A study.of mortality in the adult (Diaptomus) instar ,
would be of little consequence since minimal predation -
occurs on individuals in this stage. Investigations
' 1into causes of mortality shoulg be centered on the
early naupliar stages..." ) L
( Gehrg and Robertson, 1975 )

¢ ‘

A




vertical distributions of zooplankters there. Thege ‘mechanisis can
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u

There must“have beenfalreasoﬁ(sl Vhy predation on‘adu1t§ was minimal,
and it.ﬁight have acéouﬁted for the very success of the species they
were studying. For example, the survival of adults through matiqg} and
the subsequent suivival of gfavid females (until the eggs have been
releifed) arerbviously necessary to per;etuate Diaptomus populationms.
However, in chaoborid gystems Diaptomus copepodife§ (including aahlts)t
when present, are often the m5§t impartant component of the biomass of A

the diet of late instar Chaoborus (é.g. Fedorenko, 1975a). In Hill’

Pond (this studf) significant vertical separation ( at least duriné the

day) between late instar Chaoborus and Diaptomus copepodites minimized

predation by the former on the 1attér. At times the Diaptomus population

’ o
there wou}d have been in a pfecarious position with respect to extinction

o -
without it. Knowledge of the factors causing mortality in early naupliar

h stages is probably extremely important to the understanding of the per- N
N ¢
sistence of Diaptomus species (Gehrs and Roberston, 1975), but study - 0

of the adults shépld also increase our understanding of the mechanisms

promoting their survival. ) : ' *

-

Other causes of distribution. .
I v e
The predator-prey and cannibalistic relationships in Hill Pond which
L » \

have been- discussed to this point cannot account completely for the

\
account for the relative proximity of most of the categories of zooplank-

ton to the bottom of Hill Pond during the day. However, they caﬁnot
. . . \ .
account for the decrease in the number‘?f zooplankton categories towards

the surface during the same period. >

Notonectids, which were abundant” near the surface of Hill Pqnd {but

5
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.position immediately below the surface. Eventually, some would not have
!

nearest the surface, copepodites of Diaptomus and immature Daphnia were

s"‘ L SN
. e . \\ ¢
rarely taken in sub-surface samples), and which readily ate late instar

Chaoborus in small aquaria in.tﬁe laboratory (Melville,unpublished data),

might have prevented the latter from coming closer to the surface during
the 'day. There did not appear to be any predatoré nor competifors'which

could have prevented the filter feeders from occupyling a stratum nearer

'

the surface. \

The partial mortality of prey groups whiéh occurred in vertical

4

long~cage control treatments in this study might provide some insighf

into this problem. The prey categories at least were comprised of neg-

. o . ¢
atively buoyant zooplankters (zooplankters without morphological postive

.

buoyancy adaptdtions). If they behaved as they probably did_whkn they
. ' \1
were free in Hill Pond, they would have maintained themselves up in the

water column of vertical cages thus expending more energy than they
- . : <
would have in. horizontal cages. In the latter cages they would not sink

\
Q\

. \
very far, hence would not have to expend.so much energy maintaining

‘their~pos£ition in the water column. However, the zooplankters in the

\ .
vertical cages, being negatively buoyant, could not have maintained a

been able to hold a postion at all; these would have been the zooplankters

that died. The position one might expect the others to have been able to
maintain would have been further down the water column, the exact pos- k//
ition depending on (amongst other things) the mass of the animals. As one

might expect of the zooplankton of Hill Pond, nauplii seemed to concentrate

found primarily at mid-depth, and mature Dagﬁnia were found nearest the
bottom. The alteration of this order at night(e.g. modes of adult Diaptomus

abundance at the surface and bottom) might partially have been the result

\ C .

A\




_particles and 0\ was not seriously hampered. Even if no food was avail-

«
~
.
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: A
\
of the great reduction of light intensity hence the loss of the environ-

*

mental cue by which t?9~animals oriented thenselves during the day. This .

proposal has obvious implications with ggspect to diurnal vertical "
R \ '

migration, but they won't be discussed, here.
1f the partial mortality of prey groups in vertical long-cage control

treatments was an artifact of encloéure, the reason is not obvious. The
4
large mesh size (maximum diameter 300u), and the faot.that each enclosure
L]

N

was made entirely of it suggest that the flow of water containing food

. able fewer animals than th} number that died would probably have starved

to death over the duration (3 8) of each set of replicates. Threlkeld

\

(1976) found from experiments and a . review of the literature that most
zooplankters of a size similar to those I used as prey survived longer

C N -
than 3 days if starved. Dagg (1977) found that mortality did not occur

\ : \
in females of the copepods Centropages typicus and Acartia tonsa until

e

3 days had passed when the copepods were starved. He cans%dered both to

be species which depended on constant food availability.
' ™
] It is doubtful whether confinement itself caused the mortality dis-

cussed above. Sampling data and|laboratory observations suégest that the

sﬁfongest tendency in the animals appeared to be that of vertical move-
L3 ! ]

ment; if this was the case one might expect that mortality would have
been greatest in horizontal control treatments. The opposite occurred
i.e. mortality was greatest in vertical control treatments. Almost no !

mortality occurred in the horizontal control treatments.

!
'

Limits to the importance of vertical separation.

There are biological limits to the importance of vertical separation, .
LY

N - .
\ R . :
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some of which have already been mentioned. In a similar vein, there is

theproblemaf the coexistence of late instar Chaoborus and salamanders,

which both concentrated at the bottom in Hill Pond during the day.

\ I suspect- they coexisted mainly because they were both ambush predators.

e

- According to the model of Gerriti7n and ‘Strickler (19}7), ;n ambush
- . , .
\\\\ predator is best able to take fast moving prey since,

-/

"Very slow animals have a low probability of encountering
ambush predators..."

N ( Gerritsen and Strickler,1977 )
. Since an ambush predator itself moves very slowly (or infrequently) it

will have a low probability of meeting its ambush predator. Thus Chaoborus

had a* low probability of meeting a salamander and visa versa. That

N Chaoborus could comﬁrise a significant portion of the diet of salamanders

-

over several months (e.g. Dodson,1970) was probably a function of the

<

relatively high abundance of Chaoborus. \

- N

The mode:of predation of tﬁg planktivore, in ;elation to th; size or
T diluteness of the system, will also determine the size and'abundance of
zooplanktoﬁ present, including invertebrate predators. In ‘Hogan's Pond
Newfoundland, a larger system thanrHill Pond, the deepbsubaipiné ponds
of Dodson (1970) and other systems the predafory copepod Epischufa

nordenskioldi and the stickleback Gasterosteus aculeatus (probably a

facultative predator on zooplankton) coexist (Davis,1976). Yet .in the

\
lakes of. Brooks and Dodson (1965), many of which were comparable in size
to Hogan's Pond, the obligite pfedator-klosa eliminated Epischura. In

: extremely large lakes, such as Lake Michigan'(Wells,1970), large inverte-.

brate predators such as Leptodora kindtti are not necessarily eliminated

by Alosa, just reduced in abundance.i
\

The relationship between vertebrate and invertebrate predatbrs may
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be one ‘of mutual benefit, providing that the intensity of veékébrate ' ' b
predation is not so-excessive that it eliminates the invertebrate

predgfors. The presence of vergebrate predators would only benefit the

invertebrate predaﬁors if net equilibrium préduction of the inverte- . ‘ : .

. . \ . )
"brate population, in the presence of the vertebrates, exceeded that

Y-

attained by the, invertebrates if the vertebrates were absent. The latter ' -
suggestion 1is simila}-to the suggestion made'by Dodson (}970): N \

At.the other extreme one must consider the most shaiiow systems

(e.g. less thaﬁ 1.0m deep) whicﬁ seem generally to have only inver- P~

N# tebrate predators (e.g. Dodson 1975) although some have vertebrate
k predators (e.g. Sprules,1972). Here temporal separation between ‘ o />

° predatdrs and prey doubtedly increases in importance, relative to
. \ . » o L}

1
vertical separation (e.g. Maly,1976). However, significant vertical , .

separation could occur even in some‘of the systems. Mekville (unpublished

\ data) found that the density of fourth instar Chacborus americanus in a

prairie Saskaéchewaﬂ\slough less than 0.9m deep was much greater at the
¢ bottom (3.17-1._1) than nearer the surface (1.11 1.—1) during the day.
It ma§ be thathertical separation need not be considered for small

\
zooplankters only in the most extreme of‘shalléw systems.

Ve




- -
» : - ' A

. v aconcwsmns b
» . ’ . b L3 [

- L Yo, .

i e

¢ i . e ; . "l»

%, . ' .1) Pelagic zooplankton groups and their main predators may often &gve !
E . significantly different vertical distributions in relativel; shallow
Y quiég of water. In such systems, pelagic zooplankton groups may be

- muech less abundant if they do “Hot have such vertical distributions

uhen their predators are relJtively ;abundant., -

~ 2). If a pelagic zooplankton group in a shallow system does not have
a vertical distribution which is significantly different.from those ~
of its main predators the species to which' the group belongs might

a ) even be~eliminated from’the system . Significant separation may be

§ | particularly important at times when the potential prey species is

% present at "low to méderate densities and its predators are relatively

abundant, .and may also be particularly important (but not restricted)

A,
to mature femalesg carrying clutch.

3) Most investigators of Chaoborus predation in relatively shallow

w pwrdgn e g o

systems have not adequately considered the vertical distributions and

' migrations of predators and prey, and have overestimated encounter

probabilities. Investigators of predation by other zooplankters (copepods)
in such systeds have at times considered the above but have not presented

their data, therefore it is not possible to evaluate their studies.

‘7

' 4) Investigators generally appear to have overestimated the impact
\
of zooplankton predation on other zooplankton in nature. This resulted.

from the use of *feeding rates which were too high. Some of them, par-
ticularly for relatively shallow chaoborid systems, were high because
4

\ differences between the vertical distributions of Chaoborus and prey,
1 o Y . .

hence differences in encounter probabilities, were not considered.
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Meey of the‘copeﬁod predators for which prédation ratee.were determined

might have been eating prey in nature other than thoae\considered in

the studies. The reason: predation rates were very low at prey densities
similar to those found in nature; Fven if the predators and prey

appeered to have similar distributions. Other factors must have caused,

a significant proportion of the mortality to prey if population estimates

of the latter in some of the copepod predator studies were accurate. .
5) Differences between age (size) groups of both predator and prey ° P
species should be considered in at least the preliminary portions of \
predation assessment studies. ) b £ Y

6) The ener%etic costs of maintdining a position in the water column

may be such t;at negatively buoyant zooplankters must maintain a position
somewhat below the surface, the exact position depending on (amongst

other things) the mass of the animals.” These energetic costs may be so

greet as to be exces;iye~to the weaker individuals causing their deaths
prematurely. 'Therein may lie the adaptive value of diurnal vertical

migration i.e. to spend as little time as possible near the surface when

food may be less available.

. 7) The co—existence of late instar Chaoborus and salamanders éemonstrates

that there are biological limits to the importance of vertical separation.
They probably co~éxist mainly because they are both ambush predators.
There mﬁ& also be physical limits to the above i.e. vertieal separation
may not need to be considered for small zooplankters in the most extreme

of shallow systems.
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Appendix 1. Some physical data for Hill Pond \and Lower Lake.

‘ L
. I\present surface temperature and dissolved 02 data for both-Hfll
v :

Pond and Lower Lake in Fig.1l5. In e Pond, temperature changed.

)

dramatically throughout the season, increasing from 0°C on 01 April

* during the spring thaw to a maximum of 28".500 ‘on 20 July. It then
i

decreased gradually thereafter until the pond frdge in November. There
Y/

was little diumgl change in th:e temperature 7of'the water over the 15°

and 16 August. When measured, water temperatures in Lower Lake were

similar to those in Hill Pond. . 1

! Dissolw;ed 0, concentrations remained relati’vev constant for both

2
. { ’
ponds until September, when they increased with the decrease in

temperature'. Dissolved 02
a

Lower Lake, probably because the exce’ssive turbidity (see below) reduced

in' Hi11 Pond was always much less than that in

118

' ; ’ primary productivity. ¢ "
v Q . ‘
. . Hill Pond was extr.emely,turbid, the result of suspended clay mattef.
. . . . \ ) ,
‘ ", The Secchi disc was visible from the bottom, 2m, ;m few ‘samplin’g days‘é:_
{‘\‘ . 1‘,ow’er Lake was\ less turbid; often the Secchi disc co?xld\:e see;l bett;een
: \\: 2 and 3m. The turéiq%ty' there was of a different nature, primarily algae \.‘i
' ;o - and suspended o;ganic.matter.
S , .
‘ ' ¥ | . N
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-Appendix 2.Chemistry of the waters of Hill Pond and Lower Lake.

N

'Constituent Hill Pogd ‘aLower Lake b
(mg/L, 1977 1977 1971
except *) mean . . mean range

1

N03 (~Hio2 )

NOS +17)

Soluable
phosphate*

\

Ortho;hosphater ' -
Ca . 76.0  49.0- 98.0
. AY

Mg - 83.0  60.0-112.0

e

" HardBess 160.0  142.0-175.0

AlKalinity 150.0  110.0-200.Q
—-total

oo
ph* R

i
i
:
{
i
}
;
H

qu ‘8.5

a done on 25 August, 1977 ) .
' \

b Intensive Agriculture and WPtér Pollution Project:, 1971.
c by Lémotte Co. water test kit. ’ -
* goluable phosphate - units not reparted.
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Appendix 3. The main species in the zooplankton communities in the

Arboretym ponds and Lower Lake.
\

Arboretum.

A ———e ey

Hill Pond (see FIG. 1). .

Diaptomus leptopus S.A. Forbes, 1882 :

Daphnia pulex Leydig, 1860. emend. Richard, 1896 v
Chaoborus americanus Johannasen, 1903 )
Notophthalmus .viridescens viridescens Rafinesque (a salamander)|

k

I‘ond (a) (see FIG. 1A)

C. americanus

P L o PP

Pond (b) (see FIG. 1A)

R

. b oo
Scapholeberis kingi Sars, 1903 .
D. pulex , \ “
C. americanys : ‘

Lower Lake (see FIG.- 1A)

T

Bosmina 8p. . \ N

! Ceriodap_hnia 8p. ’ . ) o
‘ Perca flavescens Mitchill (yellow perch) . o \

.
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