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Abstract - The effects of nutrient loading and fish density on Ceratium hirundinell,, 
morphology were investigated during an experimental mesocosm study in Lake Crkteil 
~luring the summer of 1 YOO. In the presence of zooplanktivorous fish, more than 80 ‘%, 
of C. hirundinella cells had an hypotheca with two horns. In the enclosures without fish, 
:ve observed a highly significant increase in the proportion of C. hrrundinella with three 
,Intapicsl horns. The proportion of C. hirundirwttd cells with three antapical horns 
lendecl to increase with nutrient loading, but this effect was not significant and no signif- 
~c.ant interaction effect between nutrients and l’isb was observed. Temperature profiles 
\vercm Similar in fish and fishless enclosures ,lnd c:ould not explain the morphological 
variability of (1. hirundinelta. Our results shoL\, that biotic factors should be taken into 
,\ccount in polymorphism studies on Cwatium. Frequently invoked hypotheses based 
only on water temperature, nutrient availability or turtbulence level, may not be suffi- 
N ic,nt to explain this phenomenon. (0 Atad6mie ties sciences / Elsevier, Paris.1 

C‘eratium hirundinella /polymorphism / predation / zooplanktivorous fish /. nutrients / mesocosm 

R&urn6 - Les effets de la charge en tnutriments et de Ia densite de p&sons sur Ia mol-phologie de 
I,‘cwztium hirundinelLa ont it& examinks au COUI’S d’une t+ude expel-imentale en mksocosmes. 
menie pendant I’S 1990 dans le Iac de CrCteil. En prksence de poissons zooplanctonophages, 
plus de 81) 5% des cellules de C. hirundinel.h ont LIIIL’ hyp,)thPque il deux comes. Dans les enceintrs 
!.ans ccs poissons, nous avons observli une augmentation signifkative de la proportion des cellules 
tie C l~i~~urzdine.lkz possbdant trois comes post6rieurcc. Nous awns Cgalcment not6 une tendancc 
:I I‘augmcntation de cette m?me fraction avec le niveau de nutriments bans qu’un effet signifkatit 
nc’ 5oil dt:tectg. I.‘interaction nutrimen ts-poissons &it i:galcment non significative. I,es tempCra- 
Iurcs de I’eau dans Its cnceintes etaient idcntiques er nt petlwnt en aucuLI cas expliquer la varia- 
hilitb morphologique de C. /?imndinrlLa. Nos rksultats montrcnt que les Cat-teurs biotiques doivenr 
F.trc pris I:n compte dans I’ttude du polymorphisme ch~z Ckatium. La tempkrature de I’eau, les 
;~pporrs en nutrtments et le niveau de rurbuiencc semblent insuffkants pour cxpliquer ce phbno- 
In&c. (Cl Acadimie des sciences / Elsevier. Paris.) 
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Version abrt$+e 

Le polymorphisme saisonnier est souvent kvoqut tlans la 

succession drs gCnkrations de certaines espkces phytoplanc- 

tonique.i. L’exemple le plus remarquable en eau deuce est 

saris aucun doute celui de la cyclomorphose de Cr~ztizw~ 

hirun&nellu (0. F. Miiller) Bergh. Ce dinoflagelk, largemrnr 

rrpandu dam les lacs tempCrCs, a la particulariti de prcsenrcr 

des variabilit& morphologiques spectaculaires qui ont suscir6 

I’intirCt des chercheurs depuis la fin du XIXesikle. Ces vari:l- 

tions saisonnikres concernent essentiellement le nombre de 

corrIc.\ de l’hypothi-que (comes hypothkales = postt:rieurr,s 

= antapicalesl. Au printemps, la plupart des ct.llules dc 

C’. Ijimvrdinella possedent deux comes postkieurcs alors quc 
I 

la perlode esnvale est marquke par l’apparition d’une troi- 

swni’ come. Nous awns i-tudi& cette variabilitc! de C birw- 
dinrlkz dans le cadre d’une experience de biomanipulation 

r&lis6e en mkocosmes dans le lac de (kkteil &rant I’Gtt: 

I ‘J9O. La charge en nutriments et la densiti de poissons zoo- 

plancronophages ont .6tk manipuks. Les effets de CT dcux 

factcurs sur I.1 morphologie de C hirundi~~elh onr i-t6 ana- 

lys&. 

Lt:s rtisultats obtenus montrent que l’abondanc-e ties (,t 

hirundz’nella ainsi que la proportion des cellules ZI deux L-orncs 

pos&ieures augmentent dans les enceinres a poissons zoo- 

plancronophages. Les cellules poss&danr trois comes hypo- 

thtkalrs dominenr uniquement en absence de cc’s Poisson. 

1.~ f,lcteurs abiotiques rels que la tempkrature et les nutri- 

mentr sent le plus souvenr cites comme inducteurs dc cette 

variabilic6 morphologiquc. Certains r&ullats .rcquis indi- 

quenl que la troisikme come postkrieure apparait qu.lnd la 

remp&ature d&passe 15 “C et n‘est jamais obscrv& enrre 

2 1 et 25 “C rr qu’une augmenration de la disponihili rt: drs 

nutriments (azofe inorganique dissous) dam I'eau entrainc 

une dominance de cette forme. Or, la variabilirC morpholo- 

gique de C. llimndz’nellrr observte au tours de norrc cxpt:- 

ricncc ne prut Erre totalement expliqutk p,lz- cc\ deuu 

&curs. D’une part, la tempCrature de I’ea11 dans l‘ens~mblr 

dcs sznceintes erait similaire et oscillait entre 20 cI 25 “(1. 

II’autre part et malgre une tendance h I’augmcnration du 

pourcentage des cellules dr C. hirundhelh :I trois come\ pas- 

rC-ricurcs (de 50 D/o au plus foible niveau de nutriments N, >I 

90 o/i, au plus fort niveau de nutriments N, dans les encrintes 

sail.5 poissons). aucun effet significatif de.5 nutriments \ur le 

polyrnorphisme n’a ttb dFrect6. 

k norre connaissance, aucune ktude n’a CtC rtallske sur le 

polymorphisme de C’. himndi’inellu en tenant compte d’une 

eventuelle influence biotique, bien que l’hypothkse d’un effet 

de la pr&dation ait Pd emisc t‘n 1992. L’apparition d’unc 

come antapicale supplkmentaire pourrait avoir une signif?- 

cation adaptative de resistance contre le broutage du 70~ 

plancton. En effet, les cellules de (Z hirundinella possCdant 

une troisikme come postkieure dominent uniquement dans 

les enceintes saris poissons zooplanctonophages (F,,). Ces der- 

nil’res sont caract&isCes par une forte pression de broutagc 

due essentiellement au grand cyclopide Acantbocyclops rohus- 
tm (Sars). Nous avons observ6 l’exislence d’une relation posi 

rive trk significdtive entw la biomasse d’A. TO~UJ~US CI Ic 

pourcentage des cellules de (.‘. hinmdinel~~ X hypothkque 11 

trois comes. Des expkriences de nutrition du zooplancron 

ont montrC que plusieurs espkes de coptpodes sent capables 

d’ingerer C. hirundinellrt et de l’assimiler malgr6 sa taillr et ]:I 

duretC de sa paroi. A. robu.stzr.~ est done susceptible d’utilisrl- 

C’. birundineh comme source nutritionnelle. Par aillcurs, il ,I 

krt: dkmontr6 kemment quc la formation de colonk t‘l 

I’ apparition d’ipines chew .S’J d ii ne rwnus mhspicatirs ( Ihod. 

ttaient lc r&ultat d’une inducrion chimique due au yooplanc-- 

ton. 

D’autre part, il existe une relation positive t&s signifkat ivc 

entre la transparence de l’eau et le pourcentage des cellules de 

Cl birundinel.h B trois comes postbrieures. Les variations de 

I’intensiti et de la nature du spectre lumineux, likes mx 

modifications de la structure des reseaux trophiqucs, pour- 

raienr avoir un impacr sur le polymorphisme de cetre espize. 

A notre connaissance, la relarion entre d’une parr la mo-- 

phologie et d’autre part les variation, de la mobilit&, du corn-- 

portement migratoire et de la physiologic de C. hirurzdii;niTlL/ 
n’a jamais it6 testt:e. 

De multiples interactions relienr 1~s organismrs le\ uns aux 

autres au sein dcs rkraux rrophiqucs, et les mkanismes qui 

gouvernent l’kquilibre entrrs les ahondances dc (1. hirundi- 
n&z :I 2 et B 3 comes pourr.Gnt kre plus complexes que cela 

.I it& souvent sugg&+. Quelle quc soit la nature de c-es mk- 

nismes, nos r&.ultats indiquent clairement clue les wriations 

des facteurs biotiques, comma la prkence de poissons zoo- 

planctonophages, peuvenr avoir d’importants effets slur ];I 

morphologic des algues. 

1. Introduction 

In nature, seasonal polymorphisrn is often observed in 

successive generations of phytoplankton. This morpholo- 

gical variability has been correlated to buoyancy and cell 

resistance to sinking. In freshwzlters, the most striking 

example is provided by the dinoflagellate Ceeratlum /!iro/~- 

cJ~w//~ (0. F. Mtiller) Bergh. This Large alga (1 50.?5’,0 pm) 

is common in mesotrophic lakes and is tolerant to vClt-iou\ 

environmental conditions 1.1 1. A literature survey indic,t- 

tes that C. hjrundinella populations are always presc,nt In 

nature in three forms: i) those with two hypothec,tl horns; 

iii those with a third rudirnentary posterior horn; and iiit 

those with a third well-developed antapical horn 11 --Y]. 

Abiotic factors such as water temperature, nutrient availa- 

bility, light and turbulenccl are oftc>n postulated JS gover- 

ning this morphological variabilit\, 15, 6, 10-121. 

[luring the summer of lYY0. we manipulated nutrit,nt 

loading and abundance of rooplanktivorous fish within 

the context of a mesocosm factorial experiment on plank- 

tonic communities. In this paper, we present the chffects ot 
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these two factors on the morphology of C. hirunrl~nr//a 

(dl5. 

2. Study site, materials and methods 

l-he factorial experiment was conduced in Lake CtGteil 

(suburbs of Paris, France) with the? aim of studying top- 

clown and bottom-up interaction effects on the organiza- 

tion (of the planktonic community 1131. take Cr&il is J 

mesotrophic, polymictic gravel-pil- lake, supplic>d m,linly 

vwith phreatic waters. It is 42 ha in area. with ‘1 mean 

Ilepth of 4 m, and a maximal depth of 6 m. Further infot-- 

rnation on the characteristics of the laktl can be found 

Illsewhere [14-161. 

txpcrimental enclosures made of translucent polveth- 

\llenc> were placed on 1 .5 June 1090. They were sus- 

I)ended >!5 cm above the lake surface, inside a rectangular 

I)ontoon. which delimitated four blocks of eight enclo- 

cXures. Twenty--four enclosures are considered in this p,lper 

(eight enclosures, which corresponded to other treat- 

ments, are not taken into account). Each bag il.5 x I .5 x 

.I.:; rn deep), open to the atmosphere and completely 

~ealecl ar- the bottom, contained about 9.5 m’ of water. 

The> enclosures were filled with lake w,lter, t,lken at a 

clepth 01 1.5 m, with a gasoline-powered pump. In order 

IO minimize plankton heterogeneity, bags werca filled rar- 

clomly and in several step< between 15 and 20 June I OYI). 

Irc~atments were initiated ‘1 fortnight later, to allow the ini- 

11a1 development of the planktonic community. 

\,Vt> used a balanced factorial design, n,hich crossed two 

level’; of nutrients and four levels cf zooplanktivoroLi4 fish 

tlcnsity. Each of the eight treatments was run in thrclt> rep 

lit-,ltcis. From 27 June, bags were enriched three times a 

\veek with soluble phosphorus (Kt-i?PO.,) and soluble 

nitrogen (N,tiNO,) at two different concentr&ion\ h’, 

,Ind N,, which corresponded, respec-tively, to phosphorus 

loading rates of 3.16 and 31 .h cg Lo’ (I ’ (ratio h:F' = 
?O:l 11. On 29 June, 2-month-old cyprinids imainly Koach, 

/<c/tilt/s rutilus iLinn@) and a few bream, 4hr,jn,is /II,I/~.I 

ILinne)l were introduced in some enclosures to obt<iin a 

gradient of four concentrations, F,,, F,, F, ,tnd F 1 rrrspec - 

tively 0, 10, 20 and 40 individuals lby enc-losun>). On 29 

June, mean total length of cyprinids was <().(I 3 (I. : mm. 

Mar? details on the experimc>ntal design and on the in,lin 

results can be found elsewhere 11.3: 171. 

Water temperature and dissolved oxygen w:t’re meas- 

ured eveI<y 2-3 days at 1 ,Intl 4 m ‘deep with a YSI-model 

57 meter. At the same time, water transparency was meas- 

(Ired with a .?fi-cm-diameter Secchi disc. Thcl samples 

used for the analyses of (:. hiruntlinelb ,Ibundancca and 

morphology were taken on 2 I July and on 22 ,August For 

cxach tl,lte and in each enclosure, ;!4 L of water were col- 

I(>ctcd from the surface to the bottom with a 2-l- fmrietlinger 

l)ottltb. A subsample of 100 ml was immediately t,iken 

and /)reserved in 4 ‘%, formalin for counts of phvtopl,~nk- 

ton itype I sample). The remaining water was gentI\,, fil- 

tered through a nylon screen with ~1 36-pm aperture. Due 

to their large size, most of the C. hirundinella cells were 

retained with zooplanktonic individuals on the screen. 

The retained organisms we’re imnediately presc,rved in 

a sucrose formalin solution for morphological analybes 

(type II samples, final contentration of formaldehyde 

4 '%,viv). 

Cells counts were made on type I samples collected on 

21 July and on 22 August bv the UtermGhl invertecl micro- 

scope technique at 40 x magnification 1181. l-he propor- 

tions of c‘. hirundinella cells with two antapical horns, 

with a third rudimentary antapical horn, or with a third 

well-developed antapical horn were estimated on 

22 August. They were determined with a Zeiss standard 

microscope at 60 x magnific,ltion on 100 cells, taken r~1n- 

clomly from type II samples undt,r a dissecting micro- 

scope. Materials for scanning electron micro:,copy were 

selected with a micropipettra, washed in dist!lletl water, 

and prepared as described in 11 Y] 

In l.akc CrGteil, the cyc lopoids kanthocyclop rolws- 

tu; (Sars) Thermoc yclo~.s cwthonoirk (Sars) and 7. crzw$ 

(Fischer), the calanoids fkdiaptomus gracilis (Sars) and 

furytemora v&)x r Lilljeborg), ancl the rotifer /\spl,~nc-h/~,j 

priodont,l Gossc are the onl) zooplanktonic species able 

to consume C. hirundinella ~(~11s during the summer l20- 

241. Their abundances in the different enclosurcls were 

estim,ated on 27 July and 22 August in order to analyse 

their potential impact on (.. hirundinelld cells. Counts 

wclre made by sorting out thr animals of at least thlce sub- 

samples, taken with a pipette from the type II !.amplcs 

which h,~d been adjusted to It known volume. Copepods 

were considered as able to iwd o11 C. hiruncr’ineli,] irom 

the fourth copepod instar. IILK: to the rarity of t. vr,/ox and 

7. oithonoides in the encloslut-es, we considered all the 

calanoids on one hand and all the Thcrmocyclop on the 
other hand. 

In order to obtain more robust c>stimates 01 the abun- 

dances of C. hirundinella and zooplankton in the different 

enclosures, we ( onsidered thr averages between the den- 

sities observed in July and in August for the statistic-al 

analyses. The effects of nutrients and fish on (‘ hirun- 

r/i/~&~ abundance and morphology were asstlssed using 

Iwo-way .4NOVAs. The log;irithmic transformation of ct’ll 

densities was necessary in order to correct for heten)- 

sccdastic.ity 125 I. Severe deviation5 from the assutnption 

of normality and homeosce(j,lsticit~ were obsel(vecl on the 

percentages of the different morphs and could not be cor- 

ret-ted by vari,rnce stabilizing transformations Thus, 

Kruskal-Wallis non-pararnctrlc two-factor ANOVAs were 

perfor med. 

Non-parametric correlation analyses iSpeartn<in rank 

correlation /,I were performed in order to detect an even- 

tual relationship between thr mot-phology of C. hiruI?- 

dine//a cells, the mean abundance of their potenti, prctl- 

ators and Secchi depth during the preceeding month. Star- 

tistical signlficanc e was inftbrred at /I < 0.05 for ‘111 

analyses. 

(,. R. i~catl. SCI. Paris, Sciences de la vie / Life Sciences 
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Fo FI F2 F3 

Fish treatment 

Figure 1. Mean ahundanc-e iwth standard errs of the twan ((‘II don- 

\it\i) i,i Cwatiu/n hirundinella in the different enc losurc~ for the two 

I~~L~Is of nutrient loading (h,. N .‘i and the four densities of tish iF,, = 

0, F, - 10, F? = 20, F, = 30 indi;,iduals per enc Ioiur(~l. 

3. Results 

A highly significant (P = 0.000 5) positive effect of roach 

W‘S observed on the mean abundance of C. hirunttine//,-1 

~(~11s f&ure 71. No significant effect on nutrient lo,lding 

and no significant interaction effect were observed. lukey 

multiple comparison test on pairs of treatments indicates 

th‘lt the abundance of C. hkundirtella in fishless enc Iosu- 

res is significantly lower than in F,, F, and F, enclo~urc~s, 

and that C. hin/ndine//a cells are more abundant in the F, 

enclosures than in the f:? treatments. 

The three torm types - form type 2, with two posterior 

horns (f?gure IA, U and C.1; form tape 3 , with a thirtl rud- 

rnent,lrv posterior horn (figure 20, E and /~J; form tyl)e 3 ‘, 

with z tlrird well-developed posterior horn ii&u/e .I(;, Ii 

and I! - occurred simultaneously In the enclosures during 

our imestigation. Their relative distribution di+rcacl 

strongly according to treatments iiigure 3A and Bi. As the 

intermediate form was never dominant, it was grouped 

with the form type 3’ for statistical ,analyscs (form t);lJc‘ 21. 

In the absence of fish and for the N, treatment, thch pop- 

ulation was a mixture oi the three forms, with a slight 

dominance of type 2 (f;gnre .3Al. In the F,,N, enrtcht$d 

enclosures, the fraction of C. hirundinc>ti,l cells having J 

thirti fjosterior horn increased from less than 50 to 00 ‘!f,, 

tiigureb .jB). The form type 2 was highly dominant tn thr, 

presence of iish and its proportion reprclsentcld no less 

than 80 ‘%, of the population over all the enclosure% with 

lro,lch, whatever their densities (figure 3,4 ,Ind B,. Kruskal- 

Wallis I-Ion-parametric two-factor ANOVAs showeti that 

thr> effect of zooplanktivorous fish on C. hirunrlinett,, 

morphology is highly significant (H = 14.4’),!, di = 3, 

P ~: 0.005). There was a general tendancy of the propor- 

tion 01 type 3 to increase with nutrient lo,tding, and chspe.- 

cially so when fish density decreased. However, the effect 

oi fertilization and the interaction effect between fish and 

nutrient load was not significant (respectively H = 1.841, 

df = 1, P :, 0.1 and H = 1.381, df = 3, P > 0.51. 

The Spearman rank correlation test between the pro- 

portions of form types and the densities of the potential 

consumers of C. hirundinetta indicates a very significant 

(r, = 0.637, P = 0.002 3) positive relationship between the 

percentage of type 3 and the biomass of A. robustus indi- 

viduals. These cyclopoids were negatively associated 

with fish density (P < 0.000 1) and positively associated 

with nutrient loading (P < 0.001). On the other hand, WC 

found no significant correlation between C. hirundinv/lrl 

morphology and the biomass of the small Thwmocyc-top\ 

spp., the calanoids, or the rotifer A. priodonta. 

The temperature of water was always higher than 18 ‘( 

during the experiment and exceeded 20 “C on 22 August 

II J]. The temperature profiles were very similar In all tht, 

enclosures and no signiiicant effects of treatment<,, neither 

on the mean temperature nor on the vertical gradient 

(two-way ANOVAs) were observed. 

A very significant (rs =: 0..58.5, P = 0.005 1) positive cor- 

relation was observed between the transparency of water 

and the proportion of C. hirundint4a cells tiith a third 

antapica t horn. 

4. Discbssion 

C. hirundinella polymorphism is often considered to b(b 

due to a cyclomorphosis. Pearsall 141 described thret> 

periods in the annual cycle of C. hirundinetla: i) in winter 

the population is entirely cncysted; ii) in spring it is dorni- 

nated by a large type with two posterior horns; iii) in sum- 

mer it is dominated by a smaller form with the appearenccl 

oi a third posterior horn. But Dottne-Lindgren ,lnci 

Ekbohm 151 reported that tht> simultaneous occurrence oi 

all forms at the same time do not support the cyclomor- 

phosis hypothesis. 

The data presented here clearly show that the occur- 

rence of zooplanktivorous fish in the enclosure\ greatly 

increased C hirundinek? abundance and thcx proportion 

of C. hirundin~tt,~ with two posterior horns. Individuals 

with three posterior horns were dominant onlv in the 

absence of fish. 

Many authors have related the morphological variabil. 

ity of C. hirunctinetta to seasonal changes in water ‘tern- 

pcrature 15, 10-121. Pearsall 141 indicated that :he third 

posterior horn appears when the temperature exccteds 

1 .5 “C. Kruno 161 clemonsirated experimentally that this 

additional horn appears in cultures at 15 “C and never a~ 

.?I or 25 “C. However, the morphological v,lriability 

cobserved in our experiment cannot be explained by tem- 

perature, since it was the same in all the enclosures and 

nearly always between 20 and 25 “C. 

Nutrients are also considered as an important environ- 

mental factor influencing this polvmorphism. An experi- 

42 C I? Acad. Sci. Paw Sciences de la vie / Life Sciences 
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ttal ntltrient enrichment of a lagoon was contiuc.tc,cl 11) wawr. Although we observed a tendancy of the 1” 

mcl and Holt 181. They observed a rapid inc.rc’aw in 

.r,jcticln of the population haviq; three ;Intal,ic-al horns 

tion oi three-horned cells to IF larger at the higher 

cwt level, this effect 1~~1s not significant. Mart 

recol-ded that morphological changes were ~orrc- preliminary results obtaiwd on ,Idditional fc,rtiIl; 
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Fish treatment 

Figure 3. Percentage composition of 11. hirundine//a form types for 

the two levels of nutrient loading (N,, NZ) and for the four fish tIcan- 

SlllC‘S’. 

,’ = cell with two posterior horns, 3- = cell with a third rudimenl‘lry 

postcsrior horn, 3+ = cell with thrt+ posterior horns. F,, = 0, F, = 10, 

f , :: 20, F, = 10 individuals per enclosure. 

fishless enclosures did not reveal any significant nutrient 

clffect on cell morphology (unpublished data). Analyses 

are under way in order to verify whether modifications of 

food web structure could modify nutrient recycling. 

Rc5ults of optical experiments [lo] on post-cyst stages 

of C. hirundinella indicate that red light can produce a 

reduction of the third posterior horn. In our experiments, 

we fo,und a very strong negative effect of fish on water 

transparency 1131, and a very significant positive ,associ- 

ation between Secchi depth and the proportion of 

(. h/rundine//a cells with three antapical horns. Thus, we 

cannot eliminate a possible effect of a modification of 

light spectrum due to changes in particulate suspensoids 

or dissolved organic matter with modifications of foot-l 

web structure. To our knowledge, the possibility ot rnocl- 

ifications of the motility and migration pattern of 

C. hirundinella or changes in photosynthetic activity (for 

example autotrophy versus heterotrophy) with morphol- 

ogy have never been tested. 

To our knowledge, biotic pressures have not been t,lkcn 

into account as potential proximate or ultimate factors 

influencing the morphology of C. hirundinella. Linclstriim 

[9] proposed for the first time that the appearence of thr 

third posterior horn might be the result of adaptations to 

predation, but he did not present data supporting this 

view. Few studies give information regarding the ability of 

freshwater zooplankton to consume dinoflagellates. tiara- 

bin [20] indicated that the cyclopoid Mesocyclops leuck- 
arti Claus can consume C. hirundinella at low rates wht>n 

phytoplankton contains 90 % of C. hirundinella. Moreo- 

ver, some recent studies indicate that, under natural c-on- 

ditions, C. hirundinella can serve as an additional rood 

source for copepods when soft-bodied flagellates, rotifers, 

calanoid and cyclopoid nauplii are deficient /21--241. 

Santer 1241 reported also that cyclopoids were able not 

only to ingest but also to metabolize C. hirundinrlla. 

In our field study, the enclosures without zoopl,lnk- 

tivorous fish were characterized by the dominance of 

large crustacean species and by the rarity of rotifers [I 71. 

According to Santer’s results [24], C. hirundinella might 

have been an alternative food resource for copepods, 

especially for A. robustus. We found a very significant 

positive relationship between the biomass of the ccyclo- 

poid A. robustus and the percentage of cells with thrtac> 

posterior horns. We have no indication of the role oi 

C. hirundinella morphology on attack efficiency by qclo- 

poids. Recently, it was demonstrated that colony and 

spine formation in Scenedesmus subspicatus are induced 

by a chemical factor released by Daphnia magna Straus 

1261. Laboratory experiments are necessary to test thcx 

possibility of a predator-mediated induc:tion o‘c an addi-- 

tional horn in C. hirundinella. 

Multiple pathways link the different organisms and the, 

abiotic factors in food webs, and the mechanisms go\‘-- 

erning the balance between two- and three-horned forms 

could be more complex than usually suggested. Whateve 

these mechanisms, our results clearly indicate that vari-- 

ations in biotic factors, such as the occurrence of zoo- 

planktivorous fish, can induce a strong morphological 

response of C. hirundinella. Further experiments should 

be conducted in order to distinguish between the different 

‘bottom-up’ and ‘top-down’ effects, which could intrrat I 

in the control of algal polymorphisms and to evaluate the 

cost of such adaptive responses. 
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