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Abstract 

 

Cyclomorphosis is a temporal, cyclic or induced morphological change that occurs in the planktonic 

population, primarily as the outcome of abiotic or biotic factors in the environment. This phenomenon is 

noted in the dinoflagellates, rotifers, cladocerans and much strikingly in the copepods. In this study, search 

engines like the Google Scholar, National Science Library, PubMed and journal sites like the journal of 

freshwater biology were used for the literature search. Search terms include aquatic ecosystem, 

cyclomorphosis, rotifers, cladocerans, zooplankton, copepods and dinoflagellates. Detailed evidence-based 

literature was used to review the adaptive mechanisms of cyclomorphosis in an aquatic ecosystem. The 

research results suggest that the change that occurs in the lorica, size and number of outer ornamentation like 

spines and the shape of mastax in accordance to body shape is remarkable in zooplankton. The degree to 

cyclomorphosis which is developed within different populations of the same species is variable. Organisms 

can produce cyclomorphic variability in the tropical and subtropical regions as there is sufficient temperature 

difference among the seasons. The total body size may increase, decrease or remain the same throughout the 

cycle, depending on the species. Organisms produce exuberances that are not retained in all generations. 

However, little attention has been previously given to the non-exuberant side of cyclomorphosis. This review 

concludes that studies in cyclomorphosis are gradually going into extinction, as most of the works done were 

carried out in the past. Hence, the need for a revival of cyclomorphic research interest in this part of the 

world. 
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1. Introduction 

 

Cyclomorphosis is a temporal (seasonal or 

occasional), cyclic or induced morphological 

changes that occur in the planktonic population 

primarily as an outcome of abiotic or biotic factors 

in the environment. Though this concept began as a 

mere appreciation of variations in freshwater 

plankton, however, various researchers generated 

new and valuable findings on the causes and 

biological significance of this phenomenon
 [1]

. 

Organisms with elongate spines or body parts, 

alternates annually, with forms lacking these 

exuberances. Cyclomorphosis has been reported for 

some planktonic algae, rotifers, and crustaceans
 [2]

. 

The most bizarre forms are usually found during the 

warmer part of the year. Total body size may 

increase, decrease, or remain the same throughout 

the cycle, depending on the species 
[2]

. One of the 

most unique phenomena in the biology of plankton 

is the occurrence of seasonal changes 

(cyclomorphosis), some of which are so striking 

that the summer and winter forms of the same 

species could be wrongly identified as belonging to 

different species. While it is certain that not all 

plankton organisms manifest such seasonal changes, 

they do occur in a large number of planktons, both 

plant and animal or scattered through the whole 

taxonomic range of the plankton series 
[3]

. 

A previous study shows that the term 

cyclomorphosis was first used by Lauterborn in 

1904 to describe the “seasonal polymorphism” of 

plankton. Seasonal changes in the morphology of 

plankton populations have since been documented 

in dinoflagellates, rotifers, copepods and 

cladocerans 
[4]

.In some literature like 
[5, 6 & 7]

, shows 

that the studies done in the laboratory of Brooks
 [8, 9] 

revealed that cyclomorphism in certain cladocera 

and rotifer populations included the production of 

different phenotypes by the same genotypes in a 

seasonally distinct Lake environment. Suggestions 

by
 [10, 11 & 7]

, also advocate that genetic change is an 

important component of cyclomorphosis. Among 

several assumptions that were put forth to explain 

its ecological significance, most suggested that 

cyclomorphosis probably act as an adaptive strategy 

against potential predators (both vertebrates and 

invertebrates) or as a phenomenon involved in 

maintaining and stabilizing buoyancy of organisms 

in the water column 
[12]

. In addition, some 

researchers highlighted the importance of abiotic 

factors like temperature, turbulence and light for 

morphological variability among plankton 
[13]

. In 

this respite, the aim of this study is to review the 

existing literature that underscored cyclomorphosis 

as an adaptive mechanism of zooplankton in aquatic 

ecosystems. 

 

2. Biological significance of cyclomorphosis in 

aquatic ecosystems 

 

The most prominent biological significance of 

cyclomorphosis in the aquatic ecosystem is the 

adaptive mechanism of organisms in the water 

body. It entails the forms and shapes in which these 

organisms take in a bid to adapt to various harsh 

environmental conditions in other to survive in the 

aquatic ecosystem. Seasonal polymorphism in 

zooplankton i.e. cladocera, rotifer and minimal in 

copepod have been assumed to be a major adaptive 

significance to these organisms. 

 

2.1 The Rotifers 

Cyclomorphosis, or seasonal polymorphism, is 

a seasonal morphological variation in successive 

generations of small aquatic organisms. 

Cyclomorphosis is a phenomenon that is 

particularly conspicuous, but fairly common among 

the protozoa, the dinoflagellates and the rotifers. A 

particularly comprehensive treatment of the subject 

of cyclomorphosis among plankton is the detailed 

résumé of
 [2]

. Although it is more difficult to study 

the genetic continuity of seasonal forms of the same 

species of rotifers than of the planktonic 

crustaceans, cyclomorphosis in several rotifers has 

been analyzed in some depth. Seasonal 

polymorphism is therefore defined by the marked 

change in shape of some part of an organism in 

relation to some standard dimension of its size.  

The common change in growth form in some 

rotifers include the following: 

 A. Elongation in relation to body width in 

some species of Asplanchna- Mid-summer 

populations can be about five times long and wide, 

and changed from their nearly spherical 

morphology in late spring. These elongated forms 

are nearly always sterile, die back and do not appear 

until the next spring. 
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B. Enlargement, with the formation of body-

wall outgrowths or humps- In Asplanchna sieboldi, 

this seasonal change in growth appears to be caused 

by the tocopherol content of plant-derived food and 

most likely is an adaptive response to cope with 

larger-sized food in summer. 

C. Reduction in size- At higher temperatures in 

summer, a disproportionate reduction in length of 

lorical spines is observed. This change is common 

among several species of Keratella. Its adaptive 

significance is unclear since the reduction in spine 

length increases sinking speed at higher summer 

temperatures and is compensated for size. The 

causal mechanisms for the reduction in spine length 

are unclear. 

D. Production of lateral spines- The best-

studied case of this type of cyclomorphosis is in 

Brachionus calyciflorus, in which the posterior 

spines elongate in the presence of its major 

predator, the large rotifer Asplanchna. B. calciflorus 

always has two pairs of anterior spines and one pair 

of posteromedian spines. A pair of posterolateral 

spines may or may not be present. 

Also in rotifers, the extension of preexisting 

anterior and posteromedian spines and “de novo” 

induction of large posterolateral spines are caused 

by a substance released into the medium by the 

predatory Asplanchna 
[14, 15]

 (Figure 1). These form 

changes cannot be explained by temperature 

induction or by an allometric growth response in 

which the substance works indirectly on the spines 

by influencing body size. Changes in body size 

were found to be independent of posterolateral 

spine production. The substance was shown to 

affect the spine form only at the egg stage before 

cleavage. The substance released by Asplanchna is 

a relatively thermolabile proteinaceous compound 

of unknown composition (Figure 2). The shape and 

movements of long posterolateral spines in 

B.calyciflorus significantly decrease predation by 

Asplanchna. Adult A. girodi which captured about 

25% of newly hatched, spineless Brachionus with 

which they made direct contact, were completely 

unable to capture the newly hatched, long-spined 

individuals. Adult A. sieboldi can capture nearly 

100% of adult spineless B. calyciflorus contacted, 

but only about 78% of adult, long-spined forms. 

The capture rate drops to <15% of the spined form 

by young A. sieboldi. The spines, however, provide 

no protection against predation by the copepod 

Mesocyclops 
[16]

. 

A number of analysis of natural populations 

substantiate the fact that the substance released by 

Asplanchna can induce posterolateral spine 

production in B. calyciflorus populations 
[17, 18]

. 

Posterolateral spine length was found to be 

unrelated to water temperature but varied both with 

the density of Asplanchna and the presence of 

threshold quantities of the Asplanchna-released 

substance. Additionally, the significance of 

predation upon rotifers varies depending on the 

species represented in the predator-prey interaction. 

For example, the predatory, copepod Mesocyclops 

feeds effectively on the rotifers Asplanchna and 

Polyarthra but not on the rotifer Keratella 
[19]

. 

Keratella is usually released by Mesocyclops after it 

has been captured because the predator cannot 

remove the soft parts of the rotifer. Asplanchna 

regularly eats Keratella but cannot capture 

Polyarthra because of its effective escape 

behaviour. The abundance of Polyarthra and 

Keratella in natural communities can be greatly 

affected by interactions with Asplanchna and 

predatory copepods (Figures 1 and 2). 

In a recent study by 
[22]

, cyclomorphosis 

occurrences in the freshwater rotifers - Brachionus 

caudatus was assessed from May 2012 to October 

2012 in Tighra Reservoir Gwalior. It was observed 

that in the month of May, the total length was 

0.210mm which decreased to 0.157mm in October. 

Similarly, the length of lorica decreased from 

0.150mm to 0.120mm and the width of lorica 

decreased from 0.135 to 0.105 mm respectively 

(Figure 3). They, however, asserted that in this 

species, the cyclomorphosis was prominently 

influenced by the change in physico-chemical 

parameters of water particularly due to a seasonal 

change in temperature. 
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Figure 1: Shows X= Asplanchna sieboldi morphotypes (a). Campanulate (Bell-shaped), (b). Cruciform (humped 

shaped), (c). Sacate (sack-like shape). Note: they differ in ecology and physiology as well as in shape and size. Y= 

Brachionus calyciflorus polymorphic forms or ecotypes (d) typica form (e) form anuraeiformis, (f) form Dorcas and (g) 

form amphiceros. Scale lines 100µm. Source:
 [16]

. 

 

 

 
 
Figure 2: (A) Spine variations in a clone of the rotifer Brachionus calyciflorus induced by increasing concentrations of 

a proteinaceous substance produced by its predator Asplanchna. (B) Lorica divided into plaques, 6 anterior spines and 

1 or 2 posterior foot absent- Keratella.  The length of rotifer spines increase during summer months (cyclomorphosis), 

and they are generally thought of as anti-predator devices and projections that slow sinking. Source:
 [20, 21]

. 
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Figure 3: Camera Lucida images of Brachionus caudatus in different months. Source 

[22]
 

 

2.2 Cladocera 

Seasonal polymorphism in the Cladocera is 

perhaps more conspicuous than in any other group. 

The subject has been studied extensively especially 

among the genus Daphnia and reviewed in detail by 
[23, 24 & 2]

. When there is an increase in water 

temperatures, light and food in the spring, the most 

common seasonal pattern of variation among 

successive generations in a temperate Lake is a 

gradual extension of the anterior part of the head to 

form a crest or helmet. Carapace length, on the 

other hand, changes little or decreases only slightly 

between the spring and summer, and then increases 

again somewhat in autumn. The number of 

parthenogenetic eggs per individual generally 

decreases markedly in the strongly helmeted 

summer forms, although the number of instars 

increases with higher temperature.  

However, the extent of head development and 

the change of head shape are extremely variable 

among species and within the same species under 

different environmental conditions. In subtropical 

and tropical waters, cyclomorphosis is weak or does 

not occur, except when there is a large temperature 

change between winter and summer 
[25, 26]

. An 

increase in the tail spine also is observed in some 

species during summer. Cyclomorphosis in the 

genera Bosmina, Ceriodaphnia, and Chydorus is 

much less distinct than in Daphnia and consists of 

slight reductions in length of the body and of the 

antennule in summer. In Bosmina, changes often 

occur by means of the formation of transparent 

dorsal humps, with no increase in length and 

reductions in antennule length and number of 

segments, in mucro (caudal spine) length and a 

number of sutures may also occur
 [4]

. 

Furthermore, the mechanisms causing 

cyclomorphosis in Cladocera have received many 

studies. It is clear that temperature is a primary 

stimulus affecting the height of the head helmet in 

Daphnia and that it is effective during the middle of 

embryogenesis. In a number of species, helmet 

extension does not occur at water temperature 

below 10-150℃.  Carapace length is maximal in 

winter and the ratio of head length to carapace 

length increase with increasing temperatures. 

Transfers of animal reared at one temperature to a 

lower or higher temperature result in a reduction or 

increase in head length in relation to that of the 

carapace in later instars. Food supply also affects 

the specific growth rate and has a relatively greater 

effect on the growth of the head 
[27]

, but helmet 

length is more strongly correlated directly with 

water temperature than with food abundance
 [28]

. 

Water turbulence also has been shown to be a 

significant factor in cladocerans cyclomorphosis 
[29-

32]
. Therefore, in turbulence cultures and in a 

naturally turbulent environment such as epilimnion 

of larger Lakes, helmet length relative to that of the 

carapace is increased significantly in the light in 

comparison to quiescent situations. Antennal 

beating rate also increases significantly in turbulent 

conditions, probably in order to maintain a vertical 
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orientation to light. Helmet development is 

distinctly more conspicuous in species typically 

inhabiting epilimnentic turbulent strata 
[33]

. 

Populations genetically capable of considerable 

phenotypic variation do not exhibit their extreme 

phenotype variation when they live in lower water 

strata in which growth is slower. Turbulence is 

virtually ineffective in cyclomorphic induction in 

the dark 
[7, 34]

. Temperature and turbulence 

influence relative growth rates from the beginning 

of the second half of embryogenesis, whereby food 

becomes effective immediately after birth
 [35]

. 

Daphnids Cladocerans that are warm, well fed, 

illuminated and exposed to turbulence produce the 

largest helmets. All factors are influential to some 

extent as long as the animals are capable of growth. 

The organic substances released by invertebrate 

(especially Chaoborus) and fish predators can also 

induce cyclomorphic growth in Daphnia more 

effectively than can changes in temperature, 

turbulence and oxygen
 [36- 41]

. Exposure to these 

chemicals cues is most effective at the juvenile 

growth stages. Although, a compensatory 

mechanism exists in Daphnid growth; the larger 

(longer) the helmet resulting from earlier influences, 

the slower it will grow relative to the body in later 

instars 
[23, 35]

. 

However, certain body proportions are 

maintained regardless of previous environmental 

conditions. Since there is no single receptor 

mechanism for effective environmental factors; one 

or more hormones likely interact to regulate specific 

differential growth. In addition, morphological 

variability in Cladocerans has been ascribed only to 

phenotypic plasticity. It is important to note that 

some cyclomorphic species are in reality composed 

of many genetically differentiated species 
[4, 23 & 42- 

44]
. A number of these species often occur in the 

same community and seasonal changes in their 

relative frequencies can cause polymorphic cycles 

that mimic true cyclomorphosis. Intraspecific 

genetic variation in head shape likely occurs as well 

in some species. 

`  

 
Figure 4: Shows (G) seasonal variations in the helmet size, shape and shell spine length in D. retrocurva from Heney 

Lake. a,b- Typical round-headed spring forms, c- Helmeted form found in late spring, d, e- High helmeted forms found 

in summer. Cyclomorphosis in (H) Daphnia cucullata of Esrom So, Denmark and (J) Daphnia retrocurva of Bantam 

Lake, Connecticut. The small individuals at the right are first-instar juveniles drawn to the same scale as an adult. 

Source
 [2, 9 & 45]

. 

  

2.3 Copepods 

Seasonal polymorphism among adult copepods 

is minor in comparison with what occurs among the 

parthenogenetic cladocera and rotifers. The most  

 

conspicuous feature is a slight inverse relationship 

of body size to increasing temperature, so that, in 

few cases studied, animals of summer populations 
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tend to be somewhat smaller than animals living in 

colder seas 

 

3. Conclusion and Recommendation(s) 

 

Cyclomorphosis is seen only in animals that 

are exposed to size-selective predation as a result of 

being smaller than or equal to the largest size 

preferred by invertebrates (about 1.5-2 mm for most 

pelagic predators). Although the adults of 

intermediate-sized species are strongly 

cyclomorphic, immature forms of the large Daphnia 

similis, not the adults, show a development similar 

to cyclomorphosis (this is not true cyclomorphosis, 

since the neonates always have high helmets and the 

adults never do). However, the morphological 

change with development during a lifetime is 

similar to changes seen in smaller species during an 

animal cycle of several generations. 

Cyclomorphosis should therefore, be correlated 

with fluctuations in predator density, but not 

necessarily with any specific set of environmental 

parameters. In a small geographic area, the intensity 

of invertebrate predation will be similar in 

comparable proximate Lake that correlates with 

environmental conditions. Predation patterns of 

widely separated Lakes are less likely to be similar 

and less likely to be correlated with the same 

environmental factors. Hence, the confusion about 

the “cause” of cyclomorphosis. Apparently, the 

widely held but seldom stated hypothesis is that the 

production of exuberances costs energy that could 

otherwise be used to increase the growth rate or to 

produce more eggs. The energy contained in a high 

helmet and long tail spine in D. galeata mendotae is 

worth only about a seventh of a resting egg as 

shown by 
[46]

.  He also found that Daphnia with 

high helmets sank faster than non-helmeted 

Daphnia. This suggests that the helmet also costs 

the extra energy used to maintain position in the 

water column. However, such speculation is science 

fiction; therefore, the following recommendations 

are made:  

1. Curiously little attention has been given 

previously to the non-exuberant side of 

cyclomorphosis, hence the need for researchers to 

look in that direction. 

2. Further research is also needed to show 

why organisms produce exuberances that are not 

retained in all generations. 

3. Studies or research in cyclomorphosis is 

gradually going into extinction, as most of the 

works done in this field were carried out in time 

past. Hence, the need for a revival of cyclomorphic 

research interest in this part of the world. 
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