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Can cannibalism be advantageous in cyclopoids?
A mathematical model

WiLFrIED GABRIEL and WINFRIED LAMPERT

With 3 figures in the text

Introduction

Intrazooplankton predation by copepods is considered to greatly influence the species and size
composition of a plankton community (Conrer 1971; Lane 1978; BranpL & Fernanpo 1981). Cy-
clopoid copepods often change their feeding habits during development. Nauplii and small
copepodites are usually herbivorous, but become omnivorous or carnivorous as late copepodites
and adults (Gras 1971; GopHEN 1977; Lanpry 1981). Cannibalism is frequently observed (Fryer
1957; McQUEEN 1969; BranpL & FERNANDO 1979) and may play an important role when cyclo-
poids are the dominant species or even appear as nearly a monoculture (Burcis & WaLkEr 1972;
Jounson & Warker 1973). In the absence of alternative prey, carnivorous cyclopoids could utilize
nanoplanktonic primary production by consuming their own herbivorous offspring. Thus, when
combined with a shift from herbivory to carnivory during copepod development, cannibalism may
be advantageous. We used a mathematical model to: (1) study the effect of cannibalism on popula-
tion dynamics; and (2) assess the level of cannibalism tolerable without population extinction.

The model

In order to be as general as possible, we constructed a representative animal from literature data
(BranpL & FerNANDO 1975; ELGMORK 1959; GOPHEN 1976, 1980; JamiesoN 1980a, b; Peacock &
SmyLy 1983; ScHoBer 1980; Smyry 1970, 1973; ViyverBerG 1977, 1980; WiLriamson 1980). To
eliminate differences in species and environmental conditions, we used relative units created by: (1)
normalizing the weights of the developmental stages with the weight of the adults; and (2) choosing
the development time till maturity as a time scale. By use of metabolic parameters and efficiencies,
and feeding rates, it was possible to describe the time course of growth for a single animal and to cal-
culate its weight-dependent food intake. We assumed that the carnivorous portion of the total food
intake of the copepods increased linearily from 0 (when the cyclopoids had 15% of their final
weight) to 1 (in adults). Looking for general properties, we modelled the interaction of the co-
pepods and the effect of external predators not by following individuals but by dividing the whole
population arbitrarily into age classes. Thereupon the population dynamics could be described by a
set of coupled differential equations. This was done by calculating the relative abundance in each
class, using the inflow from the lower age class, the outflow to the higher age class, and the mortal-
ity rates caused by natural death, predation, and cannibalism. As cannibalistic copepods prefer
smaller prey, we assumed that the prey preference is proportional to the difference in length be-
tween predator and prey. The effect of cannibalism on each age class was calculated by a rather com-
plex procedure which accounted for the actual population structure and all relative preferences. A
detailed description will be given elsewhere (GABRIEL in prep.).

By dividing the whole population into single age classes, information about the age distribution
within each class may be lost, if the population has not established a stable age distribution. There-
fore, the number of age classes had to be large enough to insure that the true age structure of the
whole population is well-represented. We found that our results were independent of the number
of age classes if more than 40 age classes were considered.

0368-0770/85/0022-3164 $ 1.25
© 1985 E. Schweizerbart’sche Verlagsbuchhandlung, D-7000 Stuttgart 1
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Results and discussion

The aim of this model is to study the effects of cannibalism on the population

dynamics of cyclopoid copepods. The qualitative results are independent of the magni-
tude of the parameters, even if the numerical results are more or less dependent on the
choice of the “representative” copepod. Thus, the model allows a qualitative description
of the population and leads to the following general statements:

(1)

@)

An increase of the strength of cannibalism (defined as the amount of animal food
which is gained by cannibalism) dramatically prolongs the time for reaching a stable
age distribution (which is equivalent to a constant intrinsic growth rate 7). This is
demonstrated in Figs. 1 and 2, where the time course of » shows larger amplitudes if
the cannibalism is stronger. In further comparisons, we are referring to the terminate
value of 7 (which is nearly identical to the average of one cycle).

If we consider a case without predation pressure by other species and if we increase
the strength of cannibalism, then the average growth rate becomes negative at a cer-
tain limit. Although the whole population is decreasing, it can survive with animals
in all age classes for a longer period. A relatively small further increase in the strength
of cannibalism, however, causes the population to go extinct, because the bigger ani-
mals consume all smaller ones and the latest survivors are starving adults consuming

0.0 2.0 4.0 6.0 8.0 10.0 12.0
) ) n ) s L )
o o
~ WITHOUT PREDATION L &
5 )
© ©
o 1)
-
-
a N o~
o . r .
u o 5
w
=
==
T © ©
S | ©
x .
= o o
x
=]
<
S
x -
o &4 =)
v O o
=z
o«
-
Z O o
= o Ll o
o )
=4 x
3 =)
o] o
: :
© ©
o )
o7 "o
3 7

T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0

RELATIVE TINME

Fig. 1. Time course of the intrinsic growth rate »: Approximation to a constant value (where a stable
age distribution is reached) for different intensities of cannibalism. From top to bottom: 0.0; 0.075;
0.15; 0.225; 0.3. One relative time unit is equivalent to the age at maturity.
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Fig. 2. Same as Fig. 1 with an additional (interspecific) predation pressure on the cyclopoids.

3)

O

®)

all newborns. The point where the population suddenly vanishes is determined not
only by the strength of cannibalism, but also by the initial age distribution which may
be important in determining whether extinction occurs at higher or lower levels of
cannibalism.

Especially if the population consists of many old animals it may become extinct
within a time period relatively short compared to the generation time. If alternative
food becomes scarce and cannibalism is an important factor, diapause may be a nec-
essary strategy for survival (NiLssen 1980).

If the cyclopoids themselves are exposed to predation, but the predators are not size-
selective, then the qualitative behaviour of the model is not changed with exception
of a shift to lower and even negative growth rates.

If the interspecific predators select bigger animals, as in many cases of fish predation,
they reduce the number of copepods with the most pronounced cannibalistic behav-
iour. Intense size-selective predation can prevent a population from destroying itself.
The stronger the size-selective predation, the greater the strength of cannibalism
which can be tolerated (see crosses in Fig. 3). The predation pressure is assumed to de-
crease by the square of the animal’s length (e.g. if PRE is the mortality rate for the
adults, the corresponding rate for the nauplii in the first age class is 0.01 PRE).
Therefore, interspecific size-selective predation may enhance survival of the prey.
The potential importance of size-selective predation becomes obvious, if we compare
the alternatives: Either the copepods are cannibalistic or the copepods avoid can-
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nibalism and hence have a proportionally lower food intake thus prolonging the de-
velopment time. Fig. 3 demonstrates clearly that the advantage of non-cannibalistic
behaviour is reduced if size selective predation increases. At high levels of predation
pressure the population density decreases faster without cannibalism.

These results show that cannibalism need not be a disadvantage to a population of
cyclopoids. As long as sufficient alternative prey is present the effect of cannibalism is
rather small. In this case the costs of selective avoidance of conspecific prey might be
greater than the negative effect of cannibalism. Under poor food conditions accompanied
by intense size-selective predation, the population may gain some benefit from eating
young of its own species.

Acknowledgements
We thank Dr. Mona A. MorrT for improving the manuscript.

References

BranDL, Z. & FernanDo, C. H., 1975: Food consumption and utilization in two freshwater cyclo-
poid copepods (Mesocyclops edax and Cyclops vicinus). — Int. Rev. ges. Hydrobiol. 60 (4): 471—
494.
— — 1979: The impact of predation by the copepod Mesocyclops edax (ForsEs) on the zooplank-
ton in three lakes in Ontario, Canada. — Can. J. Zool. 57 (4): 940—942.
— — 1981: The impact of predation by cyclopoid copepods on zooplankton. — Verh. Internat.
Verein. Limnol. 21: 1573—1577.



3168 XIIL Ecology of Aquatic Organisms. 3. Animals

Burars, M. ]. & WALKER, A. F., 1972: A preliminary comparison of the zooplankton in a tropical
and a temperate lake (Lake George, Uganda and Loch Leven, Scotland). — Verb. Internat. Ver-
ein. Limnol. 18: 647—655.

CONFER, J. L., 1971: Intrazooplankton predation by Mesocyclops edax at natural prey densities. —
Limnol. Oceanogr. 16: 663—665.

ELGMORK, K., 1959: Seasonal occurrence of Cyclops strenuus strenuus. — Folia Limnol. Scand. 11: 1—
196.

FRrYER, G., 1957: The food of some freshwater cyclopoid copepods and its ecological significance. —
J. Anim. Ecol. 26: 263—286.

GopHEN, M., 1976: Temperature effect on lifespan, metabolism, and development time of Me-
socyclops leuckarti (Craus). — Oecologia 25: 271—277.

— 1977: Food and feeding habits of Mesocyclops leuckarti (Craus) in Lake Kinneret (Israel). —
Freshwater Biol. 7: 513—518.

— 1980: Artemia nauplii as a food source for cyclopoids: extrapolation of experimental measure-
ments to the metabolic activities of copepods in Lake Kinneret, Israel. — In: The Brine Shrimp
Artemia 3: Ecology, Culturing, Use in Aquaculture: 68—76. (G. PERSOONE et al., eds.). Universa
Press, Wetteren, Belgium.

Gras, R. A, et al,, 1971: Biologie des crustacés du lac Tchad. — Cab. O. R. §. T. O. M., ser. Hydro-
biol. 5 (314): 285—29.

Jamieson, C. D., 1980 a: Observations on the effect of diet and temperature on rate of development
of Mesocyclops leuckarti (Craus) (Copepoda, Cyclopoida). — Crustaceana 38 (2): 145—154.

— 1980b: The predatory feeding of copepodid stages I1I to adult Mesocyclops leuckarti (Craus). —
In: Kerroot, W. C. (ed.), Evolution and ecology of zooplankton communities: 518—537. Univ.
Press of New England.

Jonnson, D. & WaLker, A. F., 1973: The zooplankton of Loch Leven, Kinross. — Proc. R. S.,
Edinb. (B) 74: 285—294.

Lanpry, M. R., 1981: Switching between herbivory and carnivory by the planktonic copepod Cal-
anus pacificus. — Mar. Biol. 65: 77—82.

LaNE, P. A., 1978: The role of invertebrate predation in structuring zooplankton communities. —
Verh. Internat. Verein. Limnol. 20: 480—485.

McQueen, D. J., 1969: Reduction of zooplankton standing stocks by predaceous Cyclops bicuspi-
datus thomasi in Marion Lake, British Columbia. — J. Fish. Res. Bd. Canada 26: 1605—1618.

NILSSEN, J. P., 1980: When and how to reproduce: A delimma for limnetic cyclopoid copepods. —
In: Kerroot, W. C. (ed.), Evolution and ecology of zooplankton communities: 418—426. Univ.
Press of New England.

Peacock, A. & Smyry, W. J. P., 1983: Experimental studies on the factors limiting Tropocyclops pra-
sinus (F1sHER) 1860 in an oligotrophic lake. — Can. J. Zool. 61: 250—265.

Schoser, U., 1980: Kausalanalytische Untersuchungen der Abundanzschwankungen des Crusta-
ceen-Planktons im Bodensee. — Thesis, Univ. Freiburg.

Smyry, W. J. P., 1970: Observation on the rate of development, longevity, and fecundity of Acan-
thocyclops viridis (Jurine) (Copepoda, Cyclopoida) in relation to the type of prey. — Crusta-
ceana 18: 21—36.

— 1973: Bionomics of Cyclops strenuus abyssorum Sars (Copepoda: Cyclopoida). — Oecologia 11:
163—186.

VIVERBERG, ]., 1977: Population structure, life histories and abundances of copepods in Tjeuke-
meer, The Netherlands. — Freshwater Biol. 7: 579—597.

— 1980: Effect of temperature in laboratory studies on development and growth of cladocera
and copepoda from Tjeukemeer, The Netherlands. — Freshwater Biol. 10: 317—340.

WiLLiamsoN, C. E., 1980: The predatory behaviour of Mesocyclops edax: Predator preferences, prey
defences, and starvation-induced changes. — Limnol. Oceanogr. 25: 903—909.

Authors’ address:

Dr. WirrieD GasrieL and Dr. WiNFriED LamperT, Arbeitsgruppe Planktonékologie, Max-
Planck-Institut fiir Limnologie, D-2320 Plén, Fed. Rep. Germany



