943

Size-related predation reduces intramorph
competition in paedomorphic Alpine newts

Mathieu Denoél and Pierre Joly

Abstract: Evolutionary theory assumes that facultative paedomorphosis in newts and salamanders is adaptive in allow
ing either a younger age at maturity or resource partitioning between the heterochronic morphs. In newt populations that
only take the metamorphic ontogenetic pathway, juveniles are terrestrial and avoid food competition with larvae and
breeding adults. In contrast, in populations where paedomorphosis occurs, branchiate newts of all sizes coexist in the
aquatic habitats, posing the question of whether intramorph competition exists and its relationship with the evolution of
paedomorphosis. We studied size-related predation in such a size-structured community of branchiate Alpine newts
(Triturus alpestri3 inhabiting a deep alpine lake. Although gape limitation may explain such size-related predatien, indi
viduals also exhibited selectivity according to prey size. Amongst small prey that were within the capture range of all
newt size classes, smaller newts preyed on smaller items than did larger ones. We assume that such decisions favour
the coexistence of different-sized individuals. It is suspected that such size-selective predation on items which are
avoided by water-living metamorphs allows the maintenance of facultative paedomorphosis, in favouring resource parti
tioning between morphs.

Résumé: Chez les tritons et les salamandres, les théories évolutives considérent que la pédomorphose facultative est
adaptative en permettant I'acquisition précoce de la maturité sexuelle ou le partage des ressources entre les formes
hétérochroniques. Dans les populations strictement métamorphiques, les juvéniles sont terrestres et évitent de ce fait toute
compétition pour la nourriture avec les larves et les adultes reproducteurs. Au contraire, au sein des populations pédo-
morphiques, des tritons branchiés de différentes tailles coexistent dans I'habitat aquatique. Cette situation souleve le
probléme de la compétition intramorphique et de sa relation avec la pédomorphose. Nous avons étudié la prédation en
fonction de la taille dans une telle communauté structurée par la taille de tritons alp@sittasig alpestri3 branchiés

dans un lac alpin profond. Bien que la capacité limitée d’ouverture de la bouche puisse contribuer & la sélectivité en
fonction de la taille des prédateurs, cette sélectivité est également reliée a la taille des proies. Parmi les proies de tail-
les accessibles a toutes les classes de taille de tritons, les petits tritons consomment de plus petites proies que les
grands tritons. Si les causes immédiates de telles regles de décision demeurent inconnues, nous considerons que cette
sélectivité assure la coexistence d'individus de tailles différentes. Une telle sélection reliée a la taille et exercée sur les
proies peu utilisées par les formes métamorphiques aquatiques permet sans doute le maintien de la pédomorphose
facultative en favorisant le partage des ressources entre les différents morphes.

Introduction 1986; Meyer 1990; Smith 1990; Collins et al. 1993; Ruzzante
et al. 1998).

Facultative paedomorphosis is a heterochronic polymor

hism that implies the retention of juvenile characters in the

Resource partitioning is known to reduce competition be
tween coexisting species and thus allows their coexistenc
within the same habitats (Tokeshi 1999). Space, diet, an . : . :
time are all resources that can be used differently by coexistin o(ljt:\l;cléﬁglusl dmlag;;'a?,gn:rl:f? d\?z:gtgg?%f 1:%?&}5;?2328?%?
species (Schoener 1974; Joly and Giacoma 1992). NumerOLigﬁ . : :

: . . . . ... Metamorphosis, allowing them to reach sexual maturity at
species are polymorphic, with different morphs coexisting in younggr age or to eSperience other fitness benefitsy(the

the same environment (Skulason and Smith 1995; Smith anﬁ b . .
) ' aedomorph advantage” hypothesis; Whiteman 1994; Ryan
Skulason 1996). The alternative morphs can coexist becau%1 d Semlitg,ch 1998).g|n cgr?trast in harsh habitats pagdo

fdifrenluse o abta e reseyce. S0 802 iy el o an reapachy o e o
morphology (Sage and Selander 1975; Lavin and McPhai Shosis be'cause .of reduced growth rates (the “best-of-a-bad-lot”
' hypothesis; Whiteman 1994). Paedomorphs and metamorphs
appear to use aquatic habitats differently (Whiteman et al.
Received November 21, 2000. Accepted April 2, 2001. 1996). In the aquatic habitats where they live syntopically,
Published on the NRC Research Press Web site at the two heterochronic morphs also appear to use different re
hitp:/fcjz.nre.ca on May 25, 2001. sources (Fasola and Canova 1992; Fasola 1993; Denoél and
M. Denoél! Laboratory of Fish and Amphibian Ethology, Joly 2001).
Department of Ethology and Animal Psychology, University A consequence of taking the paedomorphic ontogenetic
of Liege, Quai Van Beneden 22, 4020 Liege, Belgium. pathway is that newts or salamanders are constrained-to oc
P. Joly. Ecology of Fluvial Hydrosystems, Claude-Bernard ¢y the same aquatic site as long as metamorphosis does
(Lyon 1) University, 69622 Villeurbanne, France. not occur. In the aquatic environment, both habitat and food
ICorresponding author (e-mail: Mathieu.Denoel@ulg.ac.be). partitioning can weaken intermorph competition (Denoél
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Fig. 1. Regressions between snout-vent lengths of branchiate Alpine n&ritisr{s alpestri3 and mean prey lengths in June, August
(small and large lake basins), and Octolier.immature newts®, adult newts.
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and Joly 2001). Paedomorphic newts occupy deeper habitatelated selectivity is assumed to lower intramorphic compe-
(water column, deep bottom) than do metamorphic newts. Intition and favour the maintenance of paedomorphosis, as
such deep habitats their diet is less diversified than that o§uch a process contributes to habitat partitioning between
metamorphs, as it is mainly composed of planktonic preymorphs in a habitat devoid of other competitors (Denoél and
(Denoél and Joly 2001). As a consequence, competition amontply 2001). To this end, we analysed prey sizes and prey
branchiate individuals could arise from similar use of re types in the diet of different-sized branchiate newts sampled
sources. Moreover, as maturation of Alpine newts requiresn an alpine lake during several sampling periods.

4-5 years in such harsh habitats (Denoél and Joly 2000), a

large number of different-sized branchiate individuals-(lar material and method

vae, juveniles, and adult paedomorphs) have to coexist in

the same lake, posing the question of whether there-is re The study site was Lac de la Cabane (1950 m elevation) in the
source partitioning among them. French Alps (UTM coordinates 32TKQ91). Maximum depth was

Variation in body size can favour niche Segregation7 m and area approximately 1 ha. The lake substratum was com

. o .~ 'posed of rocks and sediment with no riparian or floating vegeta
(Hutchlnsqn 19.59.)'. Indeed, within a urodele pOpUI""t'on'tion. Water level was maximal in June but decreased during
different-sized individuals have been shown to select pre,ymmer and autumn. As the water level decreased, the lake split
according to their size (Leff and Bachmann 1986; Kuzmininto two basins in August. One basin was deeper than the other. In
1991; Joly and Giacoma 1992; Magalhaes 1993), althouglyctober, only the deeper basin still retained water.
this is not always the case (Galbraith 1967; Petranka 1984). The Alpine newt Triturus alpestri$ population of this lake is
Both prey availability (Werner and Hall 1974; Smith and composed of both paedomorphic and metamorphic individuals.
Petranka 1987) and gape limitation (Smith and Petrank&dult paedomorphic newts retain larval attributes (i.e., gills and
1987; Webb and Shine 1993) are factors that can affect sizaill slits) while being sexually active. In contrast, maturatiors oc
relationships between prey and predators, while optimal forcurs several years after metamorphosis in metamorphic newts. In
aging tactics may maximize feeding gains by allowing selecthe studied population, both forms require 4-5 years to reach maturity

. : . . (Denoél and Joly 2000). As a consequence, immature branchiate
tion of prey of a particular size (Nuutinen and Ranta 1986’newts from 0+ to 3—4 years old coexist with adult branchiate newts

Rincon and Lobon-Cervia 1999). o from different cohorts, leading to a size-structured population. We
Our aim was to test the hypothesis of assortative size forstudied immature branchiate newts when their size exceeded 19 mm.
aging in immature and adult branchiate newts. Such sizewhereas metamorphic newts only occupied riparian and water-
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Fig. 2. Regressions between snout-vent lengths of branchiate Alpine newts and mean lengths of IDgpkted longispinain June,
August (small and large lake basins), and Octoberimmature newts®, adult newts.
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surface microhabitats, branchiate newts occurred in all microthe null hypothesis that the three newt size classes did not differ in
habitats in the lake down to 7 m depth (Denoél and Joly 2001). numbers of ingested prey (Siegel and Castellan 1988).
Branchiate newts were sampled in June, August, and October
1997 using a landing net from a boat or by scuba diving to sample
all microhabitats in the lake. In August, the shallow and the deedResults
basins were sampled separately. Stomach contents were collected ) )
following either a gut-flushing procedure performed on anaesthe We sampled 639 branchiate newts (252 paedomorphic fe
tized animals (Joly 1987) or, for the smallest individuals, following males, 123 paedomorphic males, and 264 immature branchiate
a dissection. With respect to gastric evacuation rates (Schabetsbergadividuals). The samples were collected in June (297), Au
1994), the guts were flushed just after the newts were collectedgust (149 from the large basin; 28 from the small basin), and
Snout-vent |engthS were measured (ln mllllmetl’es). All the neWtSOCu)ber (165) They y|e|ded 57562 |dent|fled prey |tems The
were released thereafter. o - analysis of size-selective predation @ longispina was
Stomach contents were stored individually in 4% formaldehydebased on 48 stomach contents in June, 124 from the deep

Six prey taxa were identifiedDaphnia longispina Chydorus basin i S
; : : g asin in August, 16 from the shallow basin in August, and
h h hal h t t . ! . ’
sphaericusCopepodaChirocephalus diaphanusquatic insects, and 57 in October (from the deep basin only).

terrestrial insects). Prey were ranked according to 1-mm lengt - .
classes except fdD. longispinafor which we used 0.4-mm classes. ~Newt snout-vent lengths were positively correlated with
For each newt, mean prey lengths were used to avoid pseuddengths of ingested prey in Jung € 0.450,t,95 = 8.659,P <
replication in the analyses. To study size selectioDofongisping ~ 0.001), those from the small basin in August£ 0.534,t,5 =
only stomach samples with more than 25 items were taken into ac3.224, P < 0.01), and those in Octoberg(= 0.689,t;45 =
count, to avoid any bias due to stomachs containing low numbery 682, P < 0.001), but not those from the large basin in
of water fleas. , August {, = 0.135,t,,, = 1.656,P = 0.10) (Fig. 1). More

Regressions were fitted (Zar 1996) between mean prey length recisely, as newts became larger, the range of prey sizes be
and newt snout-vent lengths. The best model was selected on t S&me br(,)ader by the addition of iarger prey to a diet basi
basis of the lowest Aikaike Information Criterion, i.e., an arithme .

cally composed of small prey. The range of prey sizes was

tic function of the deviance and the number of parameters esti . . .
mated (Sakamoto et al. 1986). Spearman’s correlation coefficient§Onsiderably larger in June (up to 25 mm) than during the

(r) between prey lengths and newt lengths were testetltegts. ~ Other sampling sessions (up to 4-5 mm). -
Newts were ordered among three equally broad size classes (19— Newt snout-vent lengths were always positively correlated
32, 33-46, 47-60 mm). A Kruskal-Wallld test was used to test with lengths of ingeste®. longispina(June:rg = 0.575,t, =
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Fig. 3. Variation in the contribution of principal prey types to the diet of branchiate Alpine newts according to body size and date.
Open bars denote 19-32 mm long newts (Juxies 11; August, large basiN = 3; August, small basinN = 6; October:N = 27);
shaded bars denote 33-46 mm long newts (Jbhe:95; August, large basimN = 31; August, small basinN = 8; October:N = 37);

and solid bars denote 47—60 mm long newts (Jishe: 191; August, large basiid = 115; August, small basir\ = 14; October:N =
101). *, P < 0.05; **, P < 0.01; *** P < 0.001; ns,P = 0.05 (Kruskal-WallisH test).
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4.763,P < 0.001; small basin in Augusty = 0.712,t;, = both large and small prey. This pattern was detected in all
3.788,P < 0.01; large basin in Augusts = 0.372,t;5, =  samples. The nonsignificance of variation in the large-basin
4.425, P < 0.001; Octoberrgs = 0.689,tg5 = 7.668,P <  samples in August was possibly due to the scarcity of small
0.001) (Fig. 2). newt larvae at that date. In June, large newts foraged on big

The three newt size classes differed according to prey typger prey than in other months, probably as a consequence of
and prey size in most of the samples (Fig. 3). The smallea high abundance of fairy shrimp€.( diaphanuy during
newts ate mor®. longispina C. sphaericusand Copepoda that period (Figs. 1 and 3). Such size-related predation relied
(prey from 0.3 to 2 mm long) than the larger ones. €on both on differences in prey-related selection (only large newts
versely, the larger newts ate mate diaphanugfrom 10 to  preyed regularly on fairy shrimps and terrestrial insects) and
20 mm long) and terrestrial insects (various sizes from a fewon size-related selection as demonstrated by the significant
millimetres to around 30 mm) than the smaller ones. Theseelationship between newt size amal longispina size in

differences were significant in most samples (Fig. 3). their diet (Fig. 2).
The absence of large prey in the diet of small individuals
Discussion was probably due to gape limitation, as mouth gape is pro

portional to body length. Catching large prey is probably im

Size-related predation was found in the studied populatiopossible or very difficult for small newts, as their mouth
of branchiate newts. Whereas the smallest newts preyed ontjoes not open more than 3 mm. Nevertheless, mean prey
on small prey close to 1 mm in length, the largest newts atsize was generally smaller than the gape size of small (2—
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3 mm) and medium-sized (3.5-5 mm) newts. The analysis oéquipment to the lake; A. Dernier, P. Gaudin, C. Henry,
size-based selection dh longispinaalso revealed the same J.-L. Reygrobellet, and M.-J. Turquin for lending field mate
trend as that observed when all prey were considered taial; M.H. Delsemme for statistical assistance with GLM
gether. Correlations betwe&h longispinalengths and newt procedures; and R. Clairin and M. Barbey (Office National
lengths were positive in all sampling periods. For such smaldes Foréts), R. Leautaud (Mairie du Lauzet), and H.
prey, gape limitation cannot be considered a selective factoSavornin (Mairie de Montclar) for permitting access to the
Selectivity for largeD. longispina could be explained by site. This research was authorized by the French Environ
higher profitability of large prey despite probable longerment Ministry. Field trips were funded by the Fonds-Na
searching times because the largest individuals are usualbjonal de la Recherche Scientifique (Belgium). M. Denoél is
the rarest in planktonic communities (Ranta and Nuutinersupported by a fellowship from the Fonds pour la Formation
1985). However, the balance between gains from and cos#s la Recherche dans I'Industrie et dans I'Agriculture (Bel
of foraging relative to body size has never been preciselgium).
established in newts.

Evidence of size-related predation was obtained at each f
sampling occasion but with different modalities according to eterences
the date, probably because of variation in prey availability.collins, J.P., Zebra, K.E., and Sredl, M.J. 1993. Shaping -ntra
Several authors have shown an effect of prey availability on specific variation: development, ecology and the evolution of
prey selection (Werner and Hall 1974; Smith and Petranka morphology and life history variation in tiger salamander.
1987). Although we did not precisely estimate variation in Genetica,89: 167-183.
prey densities, we noted that some prey were rare earlpenoél, M. 2001. Avantages sélectifs d’'un phénotype hétéro
(C. sphaericupor late C. diaphanugin the season or were chronique.Eco-éthologie des populations pédomorphiques du
occasional (terrestrial insects) depending on climatic condi triton alpestre, Triturus alpestris (Amphibia, Caudata). Ph.D.
tions. Variation in the intensity of prey selection may be thesis, Université de Liege, Liége, Belgium.
explained by such prey-density variation but requires laboraDenoél, M., and Joly, P. 2000. Neoteny and progenesis as two
tory experiments for confirmation. Variations in habitat heterochronic processes involved in paedomorphosiitorus
structure during the course of lake drying and changes in alpestris(Amphibia, Caudata). Proc. R. Soc. Lond. B Biol. Sci.
newt density may also influence resource use by newts. 267 1481-1485. o _

Because of habitat partitioning between morphs, paedd?€no€l M., and Joly, P. 2001. Adaptive significance of facultative
morphic newts mainly exploited the deeper parts of the lake paedomorptq_05|§ Inriturus lal.pesltr'lf(AE‘ph'ﬁ'a' B(.:al“?ata)' re-
(Denoél and Joly 2001), where they constituted a size. Sorrciﬁp%ggngg in-an ap'r:?t. axe. bre.:,hw. lol. ."prefss' .
structured guild foraging mainly on plankton. Size-related a;o & V. 7993, RESOUICe partiioning by ree Species of newts

- - uring their aquatic phase. Ecographg: 73-81.

predatl_on Was_suspected to favour_ the coexistence of neV\’F:'sasola, M., and Canova, L. 1992. Feeding habit$ritirus vulgaris
belonging to different size classes in the deeper parts of the

; . .. T. cristatusandT. alpestris(Amphibia, Urodela) in the northern
lake. The subsequent reduction of intramorph competition Apennines (Italy). Boll. Zool59: 273-280.

may allow the paedomorphic newts to coexist with metamors, praith, M.G., Jr. 1967. Size-selective predationDaphnia by
phic newts, which predominated at the water surface and (ajnbow trout and yellow perch. Trans. Am. Fish. S86. 1-10.

along the shore. . ] _ Gould, S.J. 1977. Ontogeny and phylogeny. Belknap Press of Har
Because growth rates were low in the studied population vard University Press, Cambridge, Mass.

(Denoél and Joly 2000), it is suspected that paedomorphosigutchinson, G.E. 1959. Homage to Santa-Rosalia or why are there

may result from a “best-of-a-bad-lot” tactic: at the larval so many kinds of animals? Am. N&@3: 145-159.

stage, an individual could benefit from delaying metamor Joly, P. 1987. Le régime alimentaire des amphibiens : méthodes

phosis if its growth rate is low and the costs of metamorpho  d’étude. Alytes,6: 11-17.

sis impair winter survival (Whiteman 1994). Maintenance of Joly, P., and Giacoma, C. 1992. Limitation of similarity and feeding
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