Ichthyol Res (2016) 63:382-390
DOI 10.1007/5s10228-016-0508-9

=
@ CrossMark

FULL PAPER

Early development and allometric growth patterns of rheophilic
cyprinid common dace Leuciscus leuciscus (Cyprinidae:

Leuciscinae)

Krzysztof Kupren' - Izabela Rams” - Daniel Zarski*” - Dariusz Kucharczyk?

Received: 18 June 2015/Revised: 2 September 2015/ Accepted: 5 January 2016/ Published online: 5 February 2016
© The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract The present work is the first comprehensive
description of easily recognizable morphological changes,
allometric growth, and behaviour during early ontogeny of
endangered common dace Leuciscus leuciscus, establishing
a reference for its normal development under laboratory
conditions. Based on the external morphology, three dif-
ferent periods and eight characteristic steps (ES9-JS1;
ES—embryonic steps, JS—juvenile steps) were identified
between hatching and 30 days post-hatch at 25°C. This
study shows that all allometric changes occurred after
notochord flexion across a wide range of body lengths
(15.35-21.78 mm TL) reflecting the larvae—juvenile tran-
sition. Observations on the early development of common
dace confirmed the relatively uniform development of
cyprinid species and support the hypothesis of differential
growth patterns for primary functions during early onto-
geny. Differences in relative growth between common dace
and other species might be attributed to their different size
at hatching, behaviour, and environmental cues.
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Introduction

For most fishes, embryonic, larval, and early juvenile
development includes a few to several life-history phases
that are morphologically and ecologically distinct from
each other, as well as from later juveniles and adults
(Kendall et al. 1984; Feeney and Swift 2008; Snyder et al.
2005). From a structural and functional perspective, mor-
phogenesis is associated with a shift in shape coupled with
abrupt or gradual changes in many morphological charac-
ters. From an ecological perspective, its most significant
aspect is the occurrence of a niche shift when larvae change
trophic or habitat status (Sakai 1990; Kovac et al. 2006;
Nikolioudakis et al. 2010). This development is regulated
by gene expression and influenced by the environment,
thus resulting in different phenotypes with differential
relative growth rates defined as allometry (Gilbert and
Bolker 2003; Gisbert et al. 2014). Studies of the allometric
growth in cyprinids at early life stages are limited and
mainly focused on common carp Cyprinus carpio (e.g.
Hoda and Tsukahara 1971; Osse et al. 1997; van Snik et al.
1997). In this paper, we use a multivariate approach to
objectively define the transition from larval to juvenile
period using morphometric as well as morphological
characters and apply this method to common dace Leu-
ciscus leuciscus—a cyprinid characterized by larger eggs
and larvae than the common carp (Kennedy 1969; Kupren
et al. 2011).

The common dace is a rheophilous and lithophilous
species which is widely distributed throughout Europe and
is a component of fish communities in the middle and
lower reaches of temperate rivers (Kucharczyk 2008). In
recent years, several populations of this species have
declined or disappeared. The main causes of this situation
are pollution of the aquatic environment, regulation of river
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flow and excessive fishing (Penczak et al. 2004). Common
dace spawns relatively earlier than other cyprinids.
Spawning usually takes place in March and April in fast-
flowing water with a shallow stony bottom. After hatching,
larvae descend in prevailing currents of rivers along veg-
etated margins. Late larvae and early juveniles occur in
shallow shoreline habitats, and when they grow leave the
shores for faster-flowing areas (Mann 1974; Mills 1981;
Mann 1996). Common dace are omnivorous, with a highly
varied diet. Initially, larvae feed on pelagic zooplankton
and, as they grow, the composition of their diet is greatly
expanded. Adult common dace feeds on insects, mollusks,
crustaceans, and macrophytes (Mann 1974; Hellawell
1974; Mills et al. 1985). Fragmentary descriptions of its
early morphological development have been described by
Kennedy (1969) and Kupren et al. (2008, 2011), but none
of these studies reported age or size at larval transforma-
tion. Moreover, they do not contain information concerning
allometric growth. Knowledge of fish early life history is
essential for better understanding aquatic ecosystems and
communities and more effectively monitoring, protecting,
or managing fish populations and habitat. Such knowledge
is particularly valuable in assessing environmental impacts
and recovering endangered species (Snyder et al. 2005).
The present study presents a comprehensive staging series
for intensive reared common dace from hatching to meta-
morphosis, describes their morphological development
based on easily recognizable external characteristics of the
body, and evaluates the growth patterns of body segments.
This type of data will provide insight into possible func-
tional trends and environmental preferences of different
developmental stages, establishing a reference for its nor-
mal development that might be useful for evaluating the
suitability and quality of artificially reared fish for
restocking purposes (Fukuhara 1986; Koumoundouros
et al. 1999, 2001; Choo and Liew 2006). The acquired data
might also constitute a baseline for additional studies on
morphology, anatomy, ecophysiology, and behaviour of
young common dace.

Materials and methods

Origin of spawners, controlled reproduction, and rearing
conditions. Common dace free embryos were obtained by
the controlled reproduction of wild spawners caught in
Lake Mosag (northeast Poland) at the beginning of the
reproductive season. The reproduction was performed
according to the method described by Targonska et al.
(2015) with the application of the double hormonal treat-
ment with Ovopel. Eggs obtained from three females with
an average weight of 280 + 45 g (mean £ SD) were fer-
tilized with semen obtained from 4 males and were

subsequently incubated on Petri dishes at 12-16 °C. After
hatching, the free embryos were transferred to aquariums
and gradually acclimated to the temperature of 25 °C (3 °C
per day). Such thermal regimes have been recommended as
suitable for the growth of both embryos and larvae of this
species (Souchon and Tissot 2012). Individuals were reared
in three 15 L aquariums in a closed water system as
described by Krejszeff et al. (2010). The initial stocking
density of individuals was 85 ind. L™'. Fish were exposed
to a 12L:12D photoperiod. Larvae were fed three times a
day ad libitum with freshly hatched Artemia sp. nauplii
(San Francisco origin). During embryonic and larval peri-
ods, oxygen and pH were maintained at >85 % and 7.7,
respectively. Ammonia and nitrite (monitored with a pho-
tometer, HI 83200, Hanna Instruments, Italy) were always
kept below 0.01 mg L™, Survival was 93.5 & 4.5 % to
30 days after hatching.

Measurements, data analysis, and statistics. To study
the early ontogeny, seven fishes from each aquarium (total
n = 21) were randomly sampled daily (prior to feeding)
from hatch to 30 days post-hatch (DPH). The sampled
specimens were subjected to overexposure in an anesthetic
solution (MS-222 at a dose of 150 mg L™") and digital
photographs of each specimen were taken using
ProgRes®CapturePro 2.5 digital image analysis software
(Jenoptic, Germany). After this, individuals were fixed in a
4 % phosphate-buffered formaldehyde solution for further
detailed examinations. Based on morphological criteria,
different periods, steps and stages of early development
were demarcated according to Penaz (1974, 2001) and
Penaz et al. (1983). This system, proposed for cyprinids,
was based on the instantaneous stages of ontogeny, i.e. on
the characteristic moments of the development period. The
morphological criteria were additionally supported by
allometric indicators (inflection points) (Kendall et al.
1984; Mihelakakis et al. 2005). Thresholds during early
development, such as the filling of the swim bladder and
exogenous feeding commencement, were considered to be
achieved when at least 50 % of the specimens represented
this particular stage. In each digital photograph, several
body proportions associated with feeding and locomotion
were measured (4+0.01 mm). These measurements inclu-
ded: snout length (SNL); head length (HL); trunk length
(TRL); tail (post-anal) length (TAL); eye diameter (ED);
head depth (HD); body depth (BD); body depth at anus
level (BDA); tail depth at the caudal peduncle level (TD);
and total length (TL) (Fig. 1). All measurements were
taken along lines parallel or perpendicular to the horizontal
axis of the body. The wet body weight (WBW) of the
larvae was determined (0.1 mg) using nylon platform
according to the methodology described in Krejszeff et al.
(2013). Dead or abnormal specimens (with malformations)
were excluded from the analysis.
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Fig. 1 Morphometric characters measured in the common dace Leuciscus leuciscus larvae. BD Body depth, BDA body depth at anus level, ED
eye diameter, HD head depth, HL head length, SNL snout length, TAL tail length, 7D tail depth, TL total length, TRL trunk length

The allometric growth of each character was expressed
as a power function of TL, with the intercept and exponent
obtained from linear regressions on log-transformed data.
When the growth is isometric, the growth coefficient was
b = 1 for length and b = 3 for weight when compared with
TL. The inflexion points of growth curves were calculated
according to van Snik et al. (1997). Growth coefficients
were compared statistically using a #-test. The x—y data set
was sorted according to increasing X, being TL. Regression
lines were calculated for X,,;, until X;permediate» and for
Xintermediate UNt] Xmaxs Xintermediate Varied iteratively from
Xmin + 2 t0 Xpmax — 2. Also, ¢ tests were performed to
check whether the growth coefficients (Xmin Xintermediate)
and (Xjnermediate Xmax) differed significantly. The Xijermediate
value that iteratively showed the largest ¢+ was defined as
the inflexion point.

Results

Growth, general morphological development, and
behaviour. Between the day of hatching and 30 DPH, the
mean growth rate of common dace individuals was 0.50
mm day ' (mean TL was 7.47 and 22.44 mm in 0 DPH and
30 DPH, respectively) (Fig. 2). During this time, three
periods and eight different steps of development were
observed. The monitoring included the final part of the
embryonic period (step: ES9), the whole larval period
(LS1-LS6), and the initial part of the juvenile period (JS1).
During post-hatch development, the fish underwent a
change from endogenous to exogenous feeding and the
various organs gradually differentiated and became iden-
tifiable. Hatching occurred at the stage described as ES9,
(7.47 £ 0.29 mm TL). The yolk sac was completely con-
sumed at 3 DPH (LS2/LS3,), when TL was 8.61 + 0.39
mm. The notochord flexion occurred between 4 DPH
(LS3,) and 10 DPH (LS5,) at 9.05 + 0.41 and 11.
27 £ 1.20 mm, respectively. The finfold was completely
absorbed at 28 DPH (JSI1; 20.04 & 1.84 mm TL)
(Table 1). At this stage, the body shape of larvae and the
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Fig. 2 Changes in total length (TL) of Leuciscus leuciscus during the
early stages of development (from hatching to 30 DPH) at 25 °C.
Bars indicate standard deviation

pigmentation pattern on the lateral side of the body were
similar to those of the adults and all fins were well
developed (Fig. 3).

Immediately after hatching, the free embryos remained
passively on the bottom of the tank with occasional jerky
movements. One day later (1 DPH), the posterior chamber
of the swim bladder was filled and most of them swam and
maintained their position in the water column. From that
time until the end of the experiment, the larvae were visual
feeders, actively searching for food in all parts of the tank.
Table 1 gives details of the stages of free embryo and larva
as illustrated in Fig. 3.

Allometric growth. The WBW and TL relationship is
giveninFig. 4. The growth coefficient b was 3.46. This value
was higher than the isometric value, thus reflecting a positive
allometric growth for this species. Allometric growth equa-
tions between nine measured body segments and TL (6.66-
25.41 mm) are presented in Fig. 5. During this period, the
body proportions and growth rates changed considerably.
For specific parts of the body, inflexion points ranged from
15.35 mm TL for ED to 21.78 mm TL for TAL (Fig. 5). Head
growth could be divided into two different phases (Fig. Sa-
c). HD, HL, and SNL showed positive allometric initial
growth (b = 1.26, 1.31 and 1.80, respectively) until their
respective inflexion points at 16.68, 18.11, and 18.95 mm
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Table 1 The major morphological and behavioural events during early development of common dace Leuciscus leuciscus

DS DPH Total length (mm) Characteristic features
ES9
stage a 0 6.99 — 7.84 (7.47) Reflective guanine in eye. Head slightly bent down, body straight. Yolk sac pear
shaped. Blood circulation in branchial arches. Mouth closed. No fins
differentiated. Primordial finfold well developed in sagittal plane Pigmentation
present on body, especially intensive along the dorsal part of the body (Fig. 3a)
Behaviour
Hatching. Embryos do not show photophobia and lay on the bottom. Embryos
cannot swim actively. Short periods of horizontal darting movements are
observed
stage b 1 7.13 — 8.12 (7.69) Whole body straight. Yolk sac at an advanced stage of resorption—conical
shape. Lower jaw mobile reaches the front edge of eye. Cuvier ducts
disappeared
stage ¢ 1 7.13 — 8.12 (7.69) Posterior chamber of swim bladder slightly inflated. Filaments form on branchial
arches. Number and size of melanophores on the surface of body are
increasing. Gill cover is developing (Fig. 3b)
Behaviour
Embryos swim up to the surface to fill their swim bladder
LS1 2 7.85 - 8.54 (8.17) Lower jaw reaches terminal position. Beginning of exogenous (mixed) feeding.
Remains of yolk sac present (Fig. 3c)
Behaviour
Larvae swim actively in the water column
LS2 3 7.89 — 9.47 (8.61) Yolk sac completely resorbed (Fig. 3d)
LS3
stage a 3 7.89 — 9.47 (8.61) Mesenchymal lepidotrichia (lepidotrichia begin differentiation) in the caudal and
pectoral fin (Fig. 3d)
Behaviour
Larvae swim actively in the whole water column
stage b 4 8.19 — 9.48 (9.05) Start of notochord flexion, heterocercal shape of caudal fin (Fig. 3e)
LS4
stage a 8.88 — 10.07 (9.51) Ossified rays in the caudal fin. Mesenchymal lepidotrichia in dorsal fin
stage b 9.76 — 12.66 (11.10) Anterior chamber of swim bladder filled with gas. Mesenchymal lepidotrichia in
anal fin. Caudal fin bifurcate (definite homocercal shape) (Fig. 3f)
LS5
stage a 10 9.50 — 13.58 (11.27) Notochord flexion completed. Pelvic fin buds present. Dorsal fin almost fully
detached from finfold (Fig. 3g)
stage b 17 13.71 = 17.02 (14.99) Pelvic fin reaches edge of finfold (Fig. 3h)
LS6 21 15.36 — 19.79 (16.86) Pelvic fins extend beyond edge of finfold. Finfold present only between pelvic
and anal fin (Fig. 3i)
JS1 28 16.71 — 22.95 (20.04) Finfold completely reduced. Scales present (Fig. 3j)

DS developmental step; DPH days post-hatch; ES embryonic steps; LS larval steps; JS juvenile step
Means in parentheses

TL. After these sizes, relative SNL and HD growth became
weakly allometric (b = 1.09 and b = 1.23, P < 0.001,
respectively), while HL growth was isometric (b = 1.02,
P < 0.001) (Fig. 5a-c). A similar growth model was char-
acteristic for ED (slope = 1.24 to 0.99) with an inflexion
point at a TL of 15.35 (P < 0.001) (Fig. 5d). Allometric
growth of TD, BDA, and TAL was also biphasic with an
initially positive allometric growth from hatching to their
inflexion point (Fig. 5e-g). TD and BDA were strongly
positively allometric (b = 1.76 and 1.52, respectively) until

their respective inflexion points at 17.94 and 19.21 mm TL
and then decreased, becoming slightly allometric (b = 1.19
and 1.35, P < 0.001). The tail length showed slight positive
allometric growth (b = 1.24) from hatching to 21.78 mm
TL, followed by a near isometric growth (b = 0.94,
P < 0.001) until the end of the study. BD increased posi-
tively allometrically (b = 1.20) throughout the study
(Fig. 5h). The growth of TRL also showed no inflexions
(simple linear regression), with a constant growth rate of 0.66
(negatively allometrically) (Fig. 51).
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Fig. 3 Morphological
development of the common
dace Leuciscus leuciscus.

a Stage ES9,, 0 DPH; b stage
ES9,/ES9,, 1 DPH; c stage LS1,
2 DPH; d stage LS2/L.S3,, 3
DPH; e stage LS3,, 4 DPH;

f stage LS4, 9 DPH; g stage
LS5,, 10 DPH; h stage LS5, 17
DPH; i stage LS6, 21 DPH;

j stage LSJ1, 28 DPH). Scale
bars 2 mm
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Fig. 4 Allometric growth equations and relationship between body
weight and total length in Leuciscus leuciscus during the early stages
of development (from hatching up to day 30)

Discussion

The morphological changes and the size distribution during
each developmental stage reported in this study are in
accordance with those previously described by Kennedy
(1969) and Kupren et al. (2008) in reared larvae of the
same species. By the more comprehensive observation
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regarding changes in the body shape and functional trends,
we obtained results contributing to more detailed knowl-
edge of the early development of the common dace.
Moreover, successions of morphological thresholds pre-
sented in this paper closely follow the pattern reported for
carp Cyprinus carpio (see Penaz et al. 1983) and other
cyprinids; therefore the developmental stage system based
on the most characteristic moments in fish development
proposed for cyprinids by Penaz (2001) is fully applicable
to common dace. According to Penaz (2001), the sequence
of appearance of most development events in cyprinids are
mostly stable, with the exceptions of the rate and duration
of yolk sac absorption, which can vary greatly depending
upon the size of egg and amount of yolk. Consecutive
variation can be seen in some other phenomena also closely
associated with the volume of yolk sac (e.g. stages of
hatching, first free swimming, and first intake of exogenous
food). At the moment of hatching, common dace is more
advanced in their development than the individuals of
majority of teleost fish species (Kennedy 1969; Kupren
et al. 2008, 2011). The newly hatched common dace have
almost a straight body with the head clearly separated from
the yolk sac at an advanced stage of absorption. Within a
few hours following emergence, free embryos start to swim
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Fig. 5 Allometric growth equations and relationship between mea-
sured body proportions and total length (TL) during dace Leuciscus
leuciscus development (from hatching up to day 30). a HD—head
depth (inflexion point at 16.68 mm TL, day 21); b HL—head length
(inflexion point at 18.11 mm TL, day 23); ¢ SNL—snout length
(inflexion point at 18.95 mm TL, day 25); d ED—eye diameter

up to the surface to fill their swim bladder and start active
swimming. A similar level of development at hatching is
characteristic for few other cyprinids from a group of open
substratum early spring spawners, such as ide Leuciscus
idus, or asp Aspius aspius, which are able to swim freely
soon after emergence (Kupren et al. 2011, 2015a; Korz-
elecka-Orkisz et al. 2013).

The level of ontogenetic development at hatching is
species specific, depends on the reproductive and larval
lifestyles, and is highly dependent on environmental con-
ditions, especially water temperature (Sakai 1990; Kamler
1992; Korzelecka-Orkisz et al. 2009; Teletchea et al.
2009). Cyprinid species which prefer incubation at higher
water temperatures (e.g. phytophils—carp or tench Tinca
tinca) or initially show hiding behaviour (e.g. litophils—
European chub Leuciscus cephalus or Tribolodon hako-
nensis) usually are less developed at the moment of
hatching (Penaz et al. 1981; Penaz et al. 1983; Sakai 1990;
Korwin-Kossakowski 2008; Kupren et al 2015b). The
consequence of this is a relatively long resting period,
between hatching and first exogenous feeding, during
which the fish reach the level of development that allows
them to start swimming actively. This period of develop-
ment is referred to as the free embryo (Balon 1990; Penaz
2001), yolk sac larvae (Kendall et al. 1984), or compen-
satory development phase (Korwin-Kossakowski 2008).
The ontogenic stage of hatched embryos of a given species
depends on water temperature in quite a characteristic way.
The most advanced fish with the largest body lengths and

R*=0.97;n=378

15
TL (mm)
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(inflexion point at 15.35 mm TL, day 18); e TD—tail depth at the
caudal peduncle level (inflexion point at 17.94 mm TL, day 22);
f BDA—body depth at anus level (inflexion point at 19.21 mm TL,
day 27); g TAL—tail (post-anal) length (inflexion point at 21.78 mm
TL, day 30); h BD—body depth; i TRL—trunk length. Dashed line
indicates inflection point of growth

smallest yolk sacs hatch at temperatures within the opti-
mum range. At other temperatures, the individuals that left
the egg membranes usually show less advanced ontogenic
development (Kokurewicz 1969, 1970; Kupren et al.
2011). The reason for faster hatching of embryos at higher
temperatures is their increased mobility in warmer water
and earlier excretion of the hatching enzyme (Blaxter 1969,
1992; Kamler 1992; Kamler et al. 1998; Korwin-Kos-
sakowski 2012).

During early ontogeny, embryonic adaptations and
functions of common dace were replaced by definitive fea-
tures, such as branchial respiration, exogenous feeding, and
active swimming. Such modifications involved extreme
modifications in the relationship of the developing fish with
the environment and were reflected in morphological and
morphometric changes. In most fish species, e.g. Siberian
sturgeon Acipenser baerii (see Gisbert 1999), California
halibut Paralichthys californicus (see Gisbert et al. 2002),
African catfish Clarias gariepinus, carp (see van Snik et al.
1997), and burbot Lota lota (see Kupren et al. 2014a), the
process of early remodeling was linked to the positive allo-
metric growth of many morphological characters. During a
short period, growth slows down (Hoda and Tsukahara 1971,
Fuiman 1983). In older larvae and juveniles, all growth
coefficients approach 1 (near-isometric growth) (Gisbert
1999; Osse and van den Boogart 2004). This change to
isometry, observed particularly in anterior and posterior
body regions, is considered to be a natural transition in
growth priorities since the primary functions, such as feeding

@ Springer



388

K. Kupren et al.

and swimming, were fulfilled during early development (U-
shaped pattern of development) (Fuiman 1983). Similar
growth priorities with a positive allometric growth of ante-
rior and posterior regions during early development are also
observed in common dace. The fast initial growth in the head
region (allometric growth of HL, HD, ED) is probably linked
to the development of nervous (midbrain and hindbrain),
sensory (vision and olfaction), respiratory (gill arches and
filaments), and feeding systems. Increasing head size is
associated with a more developed nervous system, allowing
better oxygen uptake and the application of food particles of
increasing size (Fuiman 1983; van Snik et al. 1997, Kou-
moundouros et al. 1999; Gisbert et al. 2002; Kupren et al.
2014Db). In the posterior part of the body, rapid tail growth of
dace individuals (allometric growth of TAL, BDA, and TD)
was concomitant with the development of musculature,
unpaired fins, caudal peduncle, and fin rays. Such changes
contribute to improved swimming ability (Fuiman 1983;
Pefia and Dumas 2009; Khemis et al. 2013; Kupren et al.
2014a, b).

The reported positive allometric growth of the anterior
and posterior parts of the larval body, prior to the develop-
ment of the trunk region, could be also interpreted as an
adaptation to increase swimming efficiency (van Snik et al.
1997; Koumoundouros et al. 1999). Consequently, the rapid
growth of the head and tail closely parallels the desirability
of reducing drag forces on the body and attaining higher
locomotion speed (Osse and van den Boogart 2004). Another
possible mechanism for reducing drag forces during early
life stages is the achievement of a fusiform, streamlined
body. With the reduction of the pre-anal finfold, the body
obtains a more fusiform shape by the growth of the gut and
the accompanied coiling of the intestine (Hoda and Tsuka-
hara 1971). In the common dace, the growth of the depth of
the central segment of the body (with synchronized elonga-
tion of the anterior and posterior segment) is reflected in the
positive allometric growth of BD and BDA throughout the
free embryo and larval periods.

No change in the overall growth rates (Fig. 4) and the
asynchronous inflexion points in parameters which show
biphasic growth observed in this study (15.35-21.78 mm
TL, Fig. 5) indicate a gradual change in the body shape. In
many fish species, a reduction in the growth coefficients of
various organs and tissues occurs at very similar body
lengths and is correlated to typical morphogenetic events.
These abrupt changes in body proportions are usually
concomitant with notochord flexion when the first rays
primordia appear on the ventral side of the caudal tip. In
carp (van Snik et al. 1997; Osse et al. 1997), for example,
inflexion points found around 7 mm TL correspond with
dramatic shift in increased swimming capability. The
gradual changes in body proportions of common dace are
probably related to the lack of sharp changes in behaviour
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and habitat (observed both under laboratory and natural
conditions) and may also be considered to be a gradual
adaptation to life in flowing water.

In this paper, we could estimate the size range of early life
period of common dace (embryo, larva; sensu Penaz 2001)
on the basis of the relative growth and morphogenesis. The
growth analysis conducted in this paper shows that the
replacement of temporary structures (e.g. finfold absorption)
and the appearance of definitive structures at about 21 mm
TL correspond to stabilization in the relative growth. This is
probably a consequence of the common dace finishing the
remodeling process (metamorphosis) and achieving their
final body shape, allowing juveniles to colonize faster water
habitats. Changes in body proportions usually take place
during the larval or early juvenile period, although some
changes in body proportions (often related to changes in
function and habitat) in many species (e.g. crucian carp
Carassius carassius) may also take place later during the
juvenile and adult periods as a response to the presence of
predators and enhanced food availability (Urho 2002).
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