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Abstract: Growth of several morphometric variables including snout to vent length (SVL), forelimb to hindlimb
length (FHL), tail length (TL), head width (HW), body area (BA) and weight (W) were studied during Jun 2012
to May 2014 covering entire larval and 23 months of post-metamorphic period in Neurergus microspilotus
hatched and reared in a captive breeding facility. The larvae at hatching had a mean ± SD of 7.07±0.43 mm of
SVL, 4.06±0.71 mm of TL, 1.51±0.09 mm of HW, 11.25±1.59 mm of BA and 0.23±0.07 g W. At 96 week of age, the2

mean SVL, TL, FHL, HW, BA and W had reached 83.39 %, 79.40%, 74.92%, 89.84%, 79.19% and 51.16% of the
average adult size, respectively. Rates of growth for SVL, TL, FHL, HW, BA and W during larval growth when
the larvae performed a linear growth pattern were 1.73 mm/day, 2.28 mm/day, 0.79 mm/day, 0.44 mm/day, 13.64
mm /day and 0.07 g/day, respectively. During post-metamorphic growth, SVL, TL, FHL, HW, BA and W2

increased much slowly with respective growth rates of 0.25 mm/day, 0.31 mm/day, 0.15 mm/day, 0.05 mm/day,
5.05 mm /day and 0.06 g/day. Rates of all growth variables during larval period were significantly (P<0.000, t-2

test) higher than post-metamorphic period. Growth data fitted to logistic, Gompertz and von Bertalanffy
equations. Using Akaike information criteria (AIC) and coefficient of determination we found von Bertalanffy
equation as the best-fitting growth model to express the growth changes. Linear regression equations,
confidence intervals and prediction intervals were used for age estimations based on data available for the SVL,
TL, FHL, HW, BA and W.
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INTRODUCTION [6, 7], assessment of recovery plans involving captive

Growth, sexual maturation and reproductive strategy captive breeding facilities [8], speed of adaptation to
of  different  organisms  have  been  considered as captive life [9], genetic and demographic bottlenecks
conventional life history traits by evolutionary biologists linked to the small founder population that may result in
who try to explain how these traits fit to the requirements inbreeding depression [10] are examples that necessitates
of the environment by natural selection [1]. Recently, a new approach to the study of growth and reproduction
conservation biologist are equally interested in studying in an endangered species. Moreover, key experimental
these traits in order to provide answers to a range of and field information on the relationships  between
questions associated with various threatening factors that growth variables and individual fitness may provide
may affect the organism ability to grow and develop under useful tools for monitoring conservation status of
changing environments that have brought many of these endangered species.
species to the verge of extinction [2]. Theoretical and The study of juvenile growth and development in
empirical analyses practiced to rescue endangered species amphibians has long been of interest for a range of
show that certain life-history characteristics make species biological disciplines [11]. However, because of
more vulnerable to overexploitation [3-5]. Similarly, considerably  long   period   of   post-metamorphic
determination of the choice of life stage for an endangered growth, most  studies  of  growth  and  development of
species with complex life cycle for a re-introduction plan amphibians   have  focused  on  juvenile  development  to

breeding and re-introductions [8], cost of husbandry for
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the metamorphosis of aquatic larvae [12, 13]. As a result each other. In each aquarium there is a choice of terrestrial
the entire development to sexual maturity has rarely been habitat provided by small pebbles from their habitat. A
investigated [14]. However, results obtained in these total of 15 eggs of N. microspilotus were collected from a
infrequent studies suggest that phenotypic variation captive breeding facility established at Razi University on
induced in the larval stage influence adult fitness [15]. May 2012. The parent N. microspilotus had been
Several studies it was shown that juvenile and adult collected from Dorissan Stream (35º21´N, 46º24´E). The
components of fitness such as juvenile survival, age and eggs were placed together in an aerated aquarium
size at maturity and reproductive output are positively (75×25×40 cm) with aged, dechlorinated tap water. The
associated with time of metamorphosis [14, 16]. Several larvae were fed ad libitum by Artemia at early stage of
authors have also shown that the high rate growth larval life and later by blood worm (Glycera dibranchiata)
increases the predation risk in larval stage [17, 18]. and live mealworm (Teneberio molitor). To test the
Therefore, the pattern of growth and development of hypothesis that growth had one larval trajectory and
amphibian larvae is likely to affect important fitness post- metamorphic trajectory, we measured the
components and many studies have focused on how morphological data into two sections: pre-4 months before
variation in time scales may influence the balance between metamorphose and post-19 months after metamorphose.
larval growth and survival rates. The experiment began on Jun 2012 when we put 15 eggs

In recent years captive breeding and subsequent re- in the aquarium. We considered metamorphosing larvae
introduction of amphibian species has increased the with resorption of their gills. Larval period which was
demand for an expanded knowledge for growth pattern, recognized based on the disappearance of bronchia 4
husbandry and fitness consequence of captive life of months for the first larvae and 6 months for the last larvae.
species under threat. With some 32% of amphibian
species threatened with extinction, there is an urgent need The Species: Three species of the genus Neurergus have
for various tools to address the global amphibian crisis been reported to occur on the Iranian Plateau, in northern,
[19]. High fecundity, rapid growth, small body size and central and southern parts of the Zagros Mountains.
low maintenance requirements in many species of These include N. crocatus Cope, 1862, from northwestern
amphibians can lead to rapid establishment of captive Iran, northeastern Iraq and southeastern Turkey, N.
populations [20, 21]. In 2010 the Mohammad Bin Zayed microspilotus (Nesterov, 1916) from western Iran and Iraq
Species Conservation Fund helped to develop and and N. kaiseri Schmidt, 1952 from southern Zagros
implement a conservation management plan for the Mountains in Lorestan and Khusistan Provinces in
yellow-spotted mountain newt in western Iran. The southern Iran. Previous studies on this genus are scant
captive breeding program has been successful, with the and mainly limited to original descriptions and anecdotal
captive population size increasing each year including the explanations. However, Schmidtler and Schmidtler [22]
newts from a stream which was previously assumed studied different populations of Neurergus and confirmed
locally extinct [7]. In this work, we studied ontogenetic the presence of three allopathic species belonging to this
development of growth in N. microspilotus hatched and genus from Iran and a fourth species in Turkey. N.
reared in this captive breeding facility during larval and microspilotus is listed as a critically endangered species
post-metamorphic periods. by IUCN [A3cde+4cde; B2ab (iii, iv, v) ver 3.1] because of

MATERIALS AND METHODS limited fragmented habitats and a continuing decline in

Captive Breeding Facility: The initial captive breeding number of subpopulations and individuals because of
facility (CBF) is a 5×2×3 m. Additional space was available habitat degradation, drought and over collection of
for eggs and larvae in ecology laboratory at department of animals for both the national and international pet trade
biology, Razi University. The main CBF room is ventilated [23, 24]. This newt occurs within the Zagrosian Oak Forest
by an air conditioner which re-circulates the indoor air. in the Zagros Mountains. The breeding habitat of this
The water temperature in aquarium during summer time species has recently been impacted by water pollution,
ranged from 15-21ºC and during winter time is ranged from water abstraction and severe droughts which has led to
3-12 ºC. On a series of metal racks 16 aquaria (75×25×40 the extirpation of some populations. Extraction of stream
cm) are placed. The aquarium has an electrical ventilator water into nearby orchards is a major threat to this species
and a waste pumps. These pumps are not connected to [23, 24]. 

its very small area of occupancy (less than 10km ), very2

the extent and quality of its stream habitat, reduced
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Photography: Photos were taken with a digital camera as the dependent variable. Ninety-five percent confidence
(Sony, DSC-HX9V, 3.6V) on a tripod at a fixed height (30 intervals and prediction limits were plotted for the
cm). The newts were put in a petri dish which was located regression equations for SVL, FHL, TL, HW, BA and W.
over a latticed paper. Immediately after photography the
newts were released into their aquarium. Then, all pictures RESULTS
were analyzed using AUTOCAD software 2014. We first
generated measures of snout to vent length (SVL), tail The Life Cycle: Parental newts for this experiment
length (TL), head width (HW), forelimb to hindlimb length included two females and two males collected from
(FHL) and body area (BA). SVL was calculated by Dorisan Stream (35º21´N, 46º24´E) in late March 2012. The
measuring the length of a line drawn down the center of 1st and the last oviposition took place on 3 April and May
the specimen from the tip of the snout to the point where 2012, respectively. The diameter of a freshly laid egg
the hind limbs arise. Tail length, was calculated by ranges from 8.22 ± 1.35 mm. In the captive breeding
measuring the posterior margin of hind leg (groin) to tip of facility, embryonic development (from oviposition to
tail. Forelimb to hindlimb length was calculated by hatching) took 28-32 days. Immediately after hatching the
measuring the posterior margin of front leg (axilla) to first larvae began moving in the aquarium. Approximately
anterior margin of hind leg (groin). Head width, was one week after hatching the larvae were fed small cultured
calculated by measuring the largest width of head, in line Artemia and bloodworm 4 times a week. Varying
with the corner of the mouth. Body area was calculated by considerably with temperature and food availability,
measuring the area of a selection drawn around the head metamorphosis usually begins in N. microspilotus at an
and body that excluded the legs and tail. The wet weight age of 4 month. As lungs develop, the gills degenerate
(W) was measured to the nearest 0.01 g with an electronic and metamorphosis is usually completed at age of 6
balance. Measurements were performed at weeks 1, 7, 9, month. Average duration of larval period for the 15 N.
11, 14, 16, 18, 24, 26, 30, 40, 45, 48, 53, 58, 63, 68, 75, 82, 84, microspilotus was 18 weeks
87, 91, 96. 

Growth Models: Growth data of the SVL, FHL,TL, HW, branchia and closure of branchia slit) for current
BA and W of fifteen N. microspilotus were fitted to experiment averaged 18±4.94 weeks. Average larvae
logistic, Gompertz and von Bertalanffy equations as freshly hatched in the captive breeding facility measured
follows: Logistic equation = a / (1 + b × exp (- k×t); for 15 individuals was 7.07±0.43 mm for snout to vent
Gompertz equation = a× exp (- b × exp (- k×t); von length (SVL), 4.06±0.71 mm for tail length (TL), 1.51±0.09
Bertalanffy equations: = (a -t × exp (-kt)) ; Where a mm for head width (HW), 11.25±1.59 mm for body area(1-m) (1/ (1-m))

is the asymptotic value, b is the growth rate, exp is the (BA) and weight of 0.23±0.07 g, which approached around
exponent for natural logarithms, m is the slope of growth, 10.71%, 4.87%, 10.80%, 1.34% and 1.97% of those of adult
k is the growth coefficient (shape of the growth curve) size (Table 1). During larval growth in the 1st 4 month,
and t is the time (age) in weeks. To evaluate the degree of SVL, TL, FHL, HW, BA and W increased in linear
fitness of these models to the growth values we use both fashions, with respective growth rates of 1.73 mm/day,
coefficient of determination and the Akaike Information 2.28 mm/day, 0.79 mm/day, 0.44 mm/day, 13.64 mm /day
Criterion (AIC). The AIC value is used when the growth and 0.07 g/day (Figure 1).
model is not linear [25]. AIC is calculated as: AIC = n Ln
(SSE/n) + 2P. Where n = total sample size, SSE is the error
(residual sums of squares and p = the number of
parameters estimated 3). All tests were processed with
SPSS statistical package (SPSS 16.0, SPSS Inc., Chicago,
IL, USA) and Excel (Microsoft 2010).

Age Estimation: Linear regression equations were derived
to predict age from pooled data for values SVL, TL, FHL,
HW, BA and W during larval (1-18 week) and post-
metamorphic (19-96 week) growth. To derive age-
predictive equations from these measurements, the axes
on the growth curves were reversed and age was treated

Larval Growth: Larval period (from hatching to the loss of

2

2

Table 1: Average and standard deviation of the growth variables obtained for
15 N. microspilotus

Growth variables Mean ± SD (1 week) Mean ± SD (96 week)

SVL (mm) 7.07±0.43 55.79±4.28
TL (mm) 4.06±0.71 66.21±4.2
FHL (mm) - 29.11±2.3
HW (mm) 1.51±0.09 12.56±0.53
BA (mm ) 11.25±1.59 662.27±32.412

W (g) 0.23±0.07 5.97±0.92

SD: Standard Deviation. SVL: Snout to Vent Length, TL: Tail Length,
FHL: Forelimb to Hindlimb Length, HW: Head Width, BA: Body Area,
W: Weight.
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Fig. 1: Changes in (A) snout to vent length (SVL), (B) tail length (TL), (C) forelimb to hindlimb length (FHL), (D) head
width (HW), (E) body area (BA) and (F) weigh (W) during larval and post-metamorphic growth of 15 N.
microspilotus in captive breeding from Jun 2012 to May 2014. The arrows denote the age of between larval and
post metamorphosis periods. A: Age.

Post-Metamorphic  Growth: Average post-metamorphic 47.66%, 44.76%, 61.59%, 32.50% and 14.13% of those of
N. microspilotus in the captive breeding facility in Oct adult size, respectively. Also, during post-metamorphic
2012, 24 week after hatching measured 34.76±1.58 mm for growth SVL, TL, FHL, HW, BA and W increased in linear
SVL, 39.35±5.17 mm for TL, 17.39±1.4 mm for FHL, fashions, with respective growth rates of 0.25 mm/day,
8.61±0.75 mm for HW, 271.75±30.41 mm  for BA and 0.31 mm/day,  0.15 mm/day, 0.05 mm/day, 5.05 mm /day2

1.65±0.1 g for W, which approached around 51.95%, and  0.06    g/day,    this   growth   rates   are   significantly

2
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Table 2: Parameters (P) obtained from fitted growth curves to the snout to vent length (SVL), tail length (TL), forelimb to hindlimb length (FHL), head width

(HW), body area (BA) and weight (W) of 15 N. microspilotus in captive breeding. To evaluate the degree of fitness of these models to the growth

values we use both coefficient of determination and the Akaike Information Criterion (AIC). SE: standard error

Equation P SVL±SE TL±SE FHL±SE HW±SE BA±SE W±SE

Logistic K 2.34±0.18 2.61±0.21 1.80±0.80 9.32±0.67 2.27±0.14 2.68±0.16

A 52.32±0.91 60.68±1.18 29.85±0.80 10.60±0.08 690.94±26.47 6.53±0.26

R 0.81 0.77 0.82 0.80 0.88 0.902

AIC 28.57 25.19 30.24 60.17 15.24 44.85

Gompertz K 2.08±0.16 2.31±0.19 1.40±0.14 6.45±0.41 1.37±0.12 1.38±0.12

A 55.07±0.87 60.26±1.11 30.49±0.95 10.71±0.08 717.71±43.02 7.83±0.54

R 0.82 0.79 0.82 0.81 0.88 0.902

AIC 29.15 25.98 28.01 60.17 21.55 35.35

Bertalanffy K 0.42±0.22 0.44±0.25 0.41±0.49 0.76±0.28 0.38±0.35 1.26±0.53

A 65.46±7.5 79.13±11.30 35.51±6.92 12.80±0.69 1034.80±400.57 8.07±1.40

R 0.88 0.84 0.85 0.86 0.89 0.902

AIC 1.15 4.17 2.19 32.16 50.56 22.97

Fig. 2: Regression line estimating the age of N. microspilotus, with 95% confidence intervals (narrow band) and
prediction intervals (wide band), for values snout to vent length, tail length, forelimb to hindlimb length, head
width, body area and weigh during larval period (Week 1 to 18).

(P <0.000, t-test)  slower  compared with larval period. At Growth Models: A summary of growth parameters derived
96 week, the mean SVL, TL, FHL, HW, BA and W had from the 3 non-linear growth models fitted to various
reached 55.79±4.28, 66.21±4.2, 29.11±2.3, 12.56±0.53, growth parameters is given in table 2. The Von Bertalanffy
662.27±32.41 and 5.97±0.92, respectively, which model had the most suitable fit to the SVL, TL, FHL, HW
approached around 83.39 %, 79.40%, 74.92%, 89.84%, and BA growth curve because the coefficient of
79.19% and 51.50% of the average adult size, respectively determination was slightly larger than that of the logistic
(Table 1). model  and Gompertz (Table 2). However, all three models
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Fig. 3: Regression line estimating the age of N. microspilotus, with 95% confidence intervals (narrow band) and
prediction intervals (wide band), for values snout to vent length, tail length, forelimb to hindlimb length, head
width, body area and weigh during post-metamorphic period (week 19 to 96).

had suitable fit to data for W. We therefore chose the von according to values and the dates the values were
Bertalanffy equation as the best-fitting growth model to obtained. Narrow and wide bands respectively indicate
express the growth change in SVL, TL, FHL HW, BA and 95% CIs and prediction intervals.
all models for W utilizing the same statistical criteria. Also,
for each candidate model (logistic, Gompertz and von DISCUSSION
Bertalanffy) the Akaike information criterion was
estimated. We found the von Bertalanffy model was most Many species, including amphibians, which live in a
often selected as the ‘best’ model in SVL, TL, FHL, HW fluctuating environment benefit from a complex life cycle
and W of the cases, but for BA logistic model selected as because species with different life-histories have the
the best model (Table 2), because the model with the ability to utilize different ecological niches and therefore
smallest AIC value was selected as the ‘best’ among the spread the risk of reproductive failure in an unfavorable
models tested. environment [26, 27]. The yellow spotted mountain newt,

Age Estimations: As indicated in Figure 1 the entire forages in terrestrial environments typically occupy two
growth period in N. microspilotus is divided to two different ecological niches; one by the adult (a terrestrial
distinctive larval (1-18 weeks) and post-metmorphic (19-96 niche) and the other by the larva (an aquatic niche). This
weeks) phases in which growth patterns are conveniently species also show distinctive distribution patterns in xeric
described by a linear regression equation (Figure 1). Age lowland in northern Mesopotamian plain in Iraq, Iran and
was quantitatively estimated, based on linear changes cold humid at highlands [28]. The highland streams in
observed in the snout to vent length, tail length and both xeric and humid parts of N. microspilotus range are
forelimb to hindlimb length, head width, body area and unpredictable environment, especially as revealed by the
weight of weeks 1-18 for larval (Figure 2) and 19-96 for temporal and spatial distribution and cyclic pattern of
post-metamorphic period (Figure 3). In these estimations, food availability in both aquatic and terrestrial
the linear regression equations allowed age estimates environments. Such environments pose a major challenge

N. microspilotus that breeds in highland streams and
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to the amphibians specially caudata that have a low rate different approaches have been employed. Early
of growth and metamorphosis in their aquatic examinations involved a model that usually derived from
environment. The ephermal streams, despite their small a differential equation relating growth rate to size. This
size and shallow water, can provide habitats for important mathematical relationship has been extensively used for
and diverse assemblages of rare and endangered somatic growth and a large number of growth functions
freshwater species as is the case for N. microspilotus. have been derived, such as the logistic, Bertalanffy and

It has long been recognized that the patterns of Gompertz ones [30, 34, 35].
growth play an important role in the evolution of age For species with long and complex life cycle some
trajectories of fertility and mortality [29]. Life history authors suggested that such growth can be described
studies would benefit from a better understanding of best by a combination of separate growth curves for each
strategies and mechanisms of growth, but still no period. Such multiphasic growth curves are formed as a
comparative research on individual growth strategies has summation (e.g. double logistic or triple logistic model) of
been conducted [8, 30]. Growth patterns and methods several growth functions [30]. In present study the double
have been shaped by evolution and a great variety of phasic linear growth curve is applied to N. microspilotus
them are observed [30]. N. microspilotus, consisting of for larval and early post-metamorphic phases. The growth
several populations occurring in wide variation of habitats rate of N. microspilotus may exceed to three or ever four
and field observations shows that reproductive pattern of years and double phasic linear growth model can increase
this species is very plastic that often show growth at to three or four phases. However, these linear models
different rates and displaying different patterns [28]. In appear to be superior to any non-linear model in terms of
this study, we studied several growth variables including residual variances that may appear in future. Also, in an
SVL, FHL, TL, HW, BA and W during larval and post- attempt to choose a better growth model the data for the
metamorphic period in the yellow spotted mountain newt SVL, TL, FHL, HW, BA and W of 15 N. microspilotus
hatched and reared in a captive breeding facility. This have also been fitted to the logistic, Gompertz and von
study is the first study that has looked at the shape of the Bertalanffy equations. We found von Bertalanffy
newts. Rates of growth for SVL, TL, FHL, HW, BA and W equation in %83.33 of the cases the best-fitting growth
during larval growth when the larvae performed a linear model to express the growth change in variables growth
growth pattern were 1.73 mm/day, 2.28 mm/day, 0.79 measures because the slightly larger correlation and
mm/day, 0.44 mm/day, 13.64 mm /day and 0.07 g/day, smaller AIC value than that of the Gompertz and logistic2

respectively. During post-metamorphic growth, SVL, TL, model. Also, age was quantitatively estimated, based on
FHL, HW, BA and W increased much slowly with linear changes observed in the SVL, TL, FHL, HW, BA
respective growth rates of 0.25 mm/day, 0.31 mm/day, 0.15 and W of weeks 1-18 for larval and 19-96 for post-
mm/day, 0.05 mm/day, 5.05 mm /day and 0.06 g/day. We metamorphic period.2

be able showing, the rates of growth for SVL, TL, FHL, Numerous authors have recently highlighted the
HW, BA and W during larval period were significantly management and conservation issues that are critical to
(P<0.000, t-test) more than with those in post- maintaining species with this complex life history [8, 11].
metamorphosis period. These authors normally highlight the need for high

Many mathematical models have been proposed to survival rates in the juvenile, sub-adult and adult stages
describe ontogenetic growth for different organisms [31]. in an organism with a complex life stage living in different
Most of these models are justified simply because they habitats, especially if the populations are already at
give good statistical fits to empirical data [30]. There are reduced levels [8, 36]. By utilizing aquatic habitats, larvae
also analytical models that are intended to provide a N. microspilotus do not compete with small juveniles or
general mechanistic model of organism growth [32, 33]. In adults for resources as they are benthic feeders in spring-
contrast to the pragmatic models the analytical models summer and terrestrial or subterranean feeder in summer-
characterized the rates at which energy is assimilated and autumn. As a result of high fluctuation in hydroperiod of
then allocated between production of new biomass and the stream there is a great deal of variability in the timing
maintenance of existing biomass. Ontogenic modeling in of the transition between habitats, indicating that animals
amphibians is more complicated as many of these of similar ages or sizes are subjected to different growth
organisms have complex life cycle featuring a dramatic and mortality rates, leading to variations in the population
habitat shift with abrupt ontogenic changes. In explaining dynamics. A shift in habitat and diet occurs at least once
mechanisms governing the growth process in various taxa in the first year of life cycle. This happens when larvae  of
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N. microspilotus switch from an aquatic habitat and 13. Whiteman,   H.H.,   S.A.   Wissinger,   M.  Denoe¨l,
detritus feeding to a near bank- terrestrial feeding when
they are juvenile. Specific life histories of individual
mountain newts of the genus of Neurergus vary but they
are long-lived, slow-growing species that use multiple
habitats over their course of development [37]. 
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