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Abstract Some key aspects of the reproductive
strategy of the brown trout (Salmo trutta fario L.) in
the Yadong River, Tibet, including spawning season,
age at sexual maturity, fecundity and egg size, have
been studied. The majority of the samples were less
than 215 mm and age ranged from 1 to 4 in both
sexes, indicating that the majority of the fish were
younger and the pressure by overfishing was high.
The spawning periodicity was determined to be
between the end of October and January, mainly in
November and December. The ratio of male to female
brown trout population (1.29:1 with P>0.05) sug-
gested no sex significant differences, although males
were significantly more abundant than females in
October (P<0.0001) on monthly basis. Age and size
of males and females at maturity was different and
males matured earlier than females. Fecundity was
markedly correlated with their body weight (P<
0.001, r=0.9255), standard length (P<0.01, r=
0.8879), and gonad weight (P<0.001, r=0.9360).
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The mean size of mature eggs in the spawning season
was: 4.0£0.45 mm and tended to increase along with
the female spawners size (P<0.001, r=0.9641).
Further researches about the brown trout population
in the Yadong River should be conducted on issues
such as artificial reproduction, culture, conservation,
management, and restocking.
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Introduction

The brown trout (Salmo trutta), family Salmonidae, is
indigenous to Europe, North Africa, and western Asia
(MacCrimmon et al. 1970), but it is now found world-
wide (Klemetsen et al. 2003). The reproductive traits
of brown trout have been described in geographically
different populations previously (Hegge et al. 1991;
Crisp 1994; Sorensen et al. 1995; Garcia-Vazquez
et al. 2001; Nicola and Almodovar 2002; Pender and
Kwak 2002; Alp et al. 2003; Estay et al. 2004; Olsen
and Vollestad 2005; Rubin et al. 2005; Arslan and
Aras 2007).

The brown trout (Salmo trutta fario L.) was first
reported from the Yadong River, Tibet, in 1962
(Zhang and Wang 1962) although it was probably
introduced into the river more than a hundred years
ago. The population of this brown trout has decreased
because of water pollution, overexploitation and
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damming for waterpower. Studies of such trout from
the Yadong River were limited to their morphology
(Zhang and Wang 1962) and our recent study of their
embryonic development (Hao et al. 2006). Given the
local economic importance of this fish (the most
important economic source of local fishery and travel
industry), the reproductive biology of the brown trout
from the Yadong River, Tibet, has not hitherto been
studied thoroughly.

The major objective of this study is to reveal the
reproductive traits of the wild brown trout population
in the Yadong River, Tibet, by investigating spawning
season, age and size at sexual maturity, fecundity and
egg size. We believe that such studies are deemed
vitally important for the management of the local
fishery and environmental protection.

Methods and materials

Sampling locations for brown trout were the mid-
section of the Yadong River (Fig. 1), that originates
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Fig. 1 Schematic map of the Yadong River. Black dots indicate
the sampling section
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from the south slope of Himalayas and flows into
Brahmaputra River, India. The river length is over
60 km. The width and depth varied from 5 to 16 m
and from 20 cm to 2.5 m, respectively. It runs
throughout a sharp and narrow valley. There is bushy
vegetation in both sides. The river bed is covered by
boulders and cobbles. Water temperature fluctuated
between 0°C (in winter) and 15°C (in summer). The
water flow was between 1 and 12 m® s™' during the
study period. The sampling region has altitudes from
around 2,700 to 3,700 m above sea level. No fishes
were captured above altitude 3,700 m.

We gathered data to investigate size and age at
maturity for both male and female, spawning period-
icity, sex ratios and fecundity. Brown trout samples
were collected by using casting net (I cm mesh size)
for about 20 km along the riversides of the Yadong
River from August 1999 to January 2003. Four
hundred sixty-two individuals were collected. They
were measured for total length (TL) and standard
length (SL), with an accuracy of 0.5 mm (putting fish
into a box and measuring the length with steel tape),
body weight (Wb) with an accuracy of 0.5 g
(weighing fish with an electronic balance). Three
hundred two individuals were sacrificed and sex was
determined visually or by microscopic examination of
the gonads. After the gonads were weighted (Wg)
with an accuracy of 0.1 g (weighing sample with an
electronic balance), they were preserved in 95%
ethanol and Bouin’s solution, respectively. The other
160 individuals were released after measuring the TL,
SL and Wb. The developmental status of the gonads
was investigated in six different stages, in which stage
I was not observed in the current study; stage II and
I were defined as immature, consisting of very
young individuals; stage IV and V were considered as
mature and stage VI was considered as post-mature
(Yin 1995). In the laboratory, total egg number and
average egg size (egg diameter, D) were determined
for each female from a random sample of 20 eggs to
nearest 0.1 mm with a digital micrometer for three
times. Scales were used for estimating age (Rifflart
et al. 2006). All specimens were preserved in 10%
formalin and kept in the Museum of Freshwater
Fishes, Institute of Hydrobiology, Chinese Academy
of Sciences (IHB, CAS).

Spawning season was estimated from the gonad-
somatic index (GSI) and gonad development status.
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Fecundity also was quantified as the GSI. The GSI
was calculated from the equation: GSI=(Wg/Wb)x
100, where Wg is the gonad weight (gram) and Wb is
the body weight (gram). Body weight, standard
length, gonad weight and fecundity relationships were
determined from the equations according to Alp et al.
(2003):

InF=p+qxInWb, F = pl x Wb?;
InF=p+4+¢gxInSL,F = pl x SLY,
InF=p+gqxInWg, F =pl x Wb?;

Where F is the number of eggs (fecundity), SL,
Wb, and Wg are the standard length (millimeter),
body weight (gram) and gonad weight (gram),
respectively, and p and ¢ are constant parameters in
linear regression analysis and pl=e”.

The data analysis was conducted using Statistic 6.0
and Excel. The number of fish was given for each test
unless the whole data set was used. The chi-squared
test was also performed to compare the sex ratio.
One-way ANOVA and Duncan’s multiple comparison
test were used to determine the difference of GSI. An
independent t test was used to compare fecundities of
different populations.

Results

Of the 462 individuals examined, 170 were males,
132 were females and 160 were not determined
before they were released into the river. The
standard length frequency distributions of these
individuals were summarized in Fig. 2. Males ranged
from 103.0 to 364.0 mm, with a mean standard length
of 188.914+52.259 mm and females ranged from 93.0
to 362.0 mm, with a mean standard length of 192.60+
68.581 mm. The majority of the samples (accounting
for 68.40%) were comprised of individuals between
120.0-215.0 mm in length group (Fig. 2). Age ranged
between 1 and 4 years old in males and females. The
group of age 2 was dominant in both sexes (71.2%
and 54.5% in male and in female, respectively).
Seasonal distribution of the maturity stages is
shown in Table 1. Immature individuals (stage II
and IIT) were observed in most months. Females with
maturing ovaries (stage IV) appeared from June to
December whereas males with maturing testis (stage
IV) were seen from June to October. Fewer female
fish were observed with mature ovaries (stage V) in
October—December compared with male with mature
testis (stage V) observed at the same seasons. The
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Table 1 The monthly frequency of maturity stages in female (n=132) and male (n=170) of brown trout from the Yadong River

Months Maturity stages of the females Maturity stages of the males

I 1 v A% VI Mat 1I 111 v A% VI Mat
Apr 5 3 13 2
May 7 7 3 6
Jun 8 5 1 1 2 5 2 2
Jul 9 5 6 6 11 11 4 4
Aug 8 19 5 5 5 23 1 1
Sep 3 5 2 2 3 9 5 5
Oct 4 2 1 3 1 30 31
Nov 1 2 11 1 14 18 18
Dec 2 8 3 13 10 6 16
Total 40 48 20 20 4 44 37 56 13 58 6 77

Mat Number of mature individuals

monthly distribution of the maturity stages confirmed
that brown trout began to mature during the autumn
(only one sample in October) and spawned mainly
between November and December, although some
individuals were observed to spawn in January (data
not shown).

For the 302 specimens examined for sex determi-
nation, 33.3% females and 45.3% males were
sexually mature. For females ages at first maturity
were 3 to 4 years old, whereas for males ages at first
maturity were about 2 to 3 years old. The youngest
female mature brown trout was 3 years old, 242 mm
standard length, in the Yadong River, whereas the
youngest male mature fish was 2 years old, 168 mm
standard length (Table 2).

In the current study, the sex ratio (males/females)
of the Yadong brown trout population was 1.29:1
(chi-squared test, P>0.05) and this is not significantly
different from 1:1 ratio. The monthly changes of sex
ratios were illustrated in Fig. 3. The sex ratios ranged

Table 2 The age and size of both sexes brown trout at maturity

from 1.2:1 to 4.43:1 in spawning seasons. There were
no significant differences in sex ratios on monthly
basis, with an exception in October (4.43:1, chi-
squared test, P<0.0001).

GSI values between October and December were
significantly higher (P<0.05) than other months
(Fig. 4). The GSI in female brown trout ranged from
0.89 to 17.66. The maximum GSI value in females
was observed in December, whereas the minimum
value was in April. These results showed that sexual
development accelerated in autumn (September,
October and November) and reached the maximum
in December.

Fecundity varied from 312 to 1,655 with a mean of
946.35+363.07 based on 23 females. The size of eggs
from 23 spawners ranged from 3.3 to 4.5 mm with a
mean 4.0+0.45 mm. The size of mature eggs trended
to increase along with the size of the female spawners
(Fig. 5). Some significant correlations were found
between fecundity and body weight (P<0.001),

Age Female Male

N Imm Mat % Mat Min Max N Imm Mat % Mat Min Max
I 72 72 121 89 32 26.4 168 227
111 33 4 29 88 242 313 37 37 100 174 315
v 15 15 100 245 362 8 8 100 270 364

N Number of the fish, /mm number of immature individuals, Mat number of mature individuals, % Mat the percentage of mature
individuals, Min minimum value of standard length at maturity (millimeter), Max maximum value of standard length at maturity

(millimeter)
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Fig. 3 Monthly sex ratios of brown trout from the Yadong
River (n=302)

standard length (P<0.01) and gonad weight (P<
0.001) (Fig. 6). These linear relationships may be
expressed by the following regression equations:

InF = 1.3345 x In Wb — 1.4596,

F =0.2323 x Wb!¥3*%(» = 0.9255, n = 23)
InF =3.7972 x InL — 14.954,

F =3E—07 x L*7(r = 0.8879,n = 23)
InF = 1.8485 x InWg + 1.1006,

F = 6.3502 x Wg'19%(r = 0.9366,n = 23)

Discussion

In the Yadong River, the standard length of the
majority of the samples were less than 215 mm and

m female = male
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S
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Fig. 4 Seasonal fluctuations in gonad—somatic index in female
and male brown trout from the Yadong River
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Fig. 5 Relationships between egg size and body weight of
brown trout spawners from the Yadong River

age ranged from 1 to 4 years old in both sexes,
indicating that the majority of the fish were younger
and the pressure of overfishing was high. A similar
situation has been cited for overfished brown trout
populations elsewhere (Almodovar and Nicola 1999;
Almodovar et al. 2002; Arslan and Aras 2007).

In the present study, age and size at maturity was
different between the males and females in the Yadong
River and males matured earlier than females, since
females have higher energetic to mature (Euzenat
et al. 1999). Similarly, there was considerable varia-
tion in age and size at maturity in brown trout among
different populations in previous studies (Lobon-
Cervia et al. 1986; Hegge et al. 1991; Olsen and
Vollestad 2005). According to Olsen and Vollestad
(2005), age and size at maturity varied between the
sexes and males usually matured earlier than females,
which was also agreeable with the early studies
(Johnson 1989). There was evidence showing that
within an area that a correlation between size and age
was a good predictor of maturation, but for a given
age and size a salmon parr was more likely to become
sexually mature if it came from a high-altitude site
(Baum et al. 2004). Some studies showed males may
attain maturity from less than 100 mm in length at age
1 year old (Dellefors and Faremo 1988; L’ Abée-Lund
et al. 1990). Alp et al. (2003) reported that age of
sexual maturity of brown trout living in Firniz Stream
was between 2 and 3 years old, the smallest mature
male and female fishes were 174 and 178 mm,
respectively. Recently, Arslan and Aras (2007) de-
scribed that male and female brown trout reached
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Fig. 6 Relationships between fecundity and body weight (a), standard length (b) and gonad weight (¢) of female brown trout from the

Yadong River

maturity at the age of 1.99 and 3.19, and when they
were 141 and 172 mm in the Anuri Stream while
those in the Cenker Stream attained at age of 1.99 and
3.22 when they were 140 and 173 mm length,
respectively.
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The sex ratio males to females of Yadong River
brown trout population was 1.29:1 (P>0.05), suggest-
ing no significant difference. In general, the sex ratio
is expected to be 1:1 in closed populations(Nikolsky
1963), though some factors (such as food availability,
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spawning season, spawning ground and so on) could
influence sex ratio (Alp et al. 2005). Arslan and Aras
(2007) also reported that the sex ratios for brown trout
were 0.94:1 and 0.97:1 in the Anuri and the Cenker
streams, respectively, indicating a significant differ-
ence in the numbers of males and females. However,
males were significantly more numerous than females
in October (P<0.0001) on monthly basis in our study.
For the case, the limited number of samples was
insufficient to draw a reliable conclusion.

Our data displayed that the spawning periodicity
was between the end of October and January
(autumn—winter period), mainly concentrated in
November and December, being consistent with the
general pattern described. As has been documented in
the literature on this subject, the spawning time in
brown trout occurs during the autumn—winter period
(Hobbs 1937; Needham et al. 1945; Horton 1961;
Thomas 1964; Hopkins 1970). Some more recent
reports also indicate similar spawning periodicity
(Pender and Kwak 2002; Alp et al. 2003; Estay
et al. 2004; Rubin et al. 2005; Arslan and Aras 2007).

This study observed positive correlations between
female length, body weight, gonad weight with
fecundity in Yadong brown trout populations. Sim-
ilarly, high correlation was also found between female
size and salmonid fecundity in relation to fish length in
an earlier study (Taube 1976). Nicola and Almodovar
(2002) also described a significant relationship be-
tween female length and fecundity in brown trout
populations in seven study streams in Spain. Accord-
ing to Olsen and Vollestad (2003), fecundity increased
with fish length and there was no consistent difference
in fecundity, based on comparing all eight populations.
Estay et al. (2004) also reported that analyses of
female body weight during spawning and total
fecundity over three seasons revealed a positive linear
correlation, that is heavier females produced more
eggs. However, the fecundity for Yadong brown trout
was different (higher or lower) from other reports
(Nicola and Almodovar 2002; Alp et al. 2003; Olsen
and Vollestad 2003; Estay et al. 2004; Arslan and Aras
2007), possibly caused by different factors like
altitude, water temperature, age, and food availability.

In addition, this study showed the size of mature
eggs tended to increase along with the female
spawners size. Variation in egg mass and fecundity
among the populations studied may result largely
from selectively different environmental factors, of

which water temperature was considered the most
probable selective factor responsible for this variation
(Jonsson and Jonsson 1999). However, egg size was
strongly influenced by environmental factors, and
individual fish produces eggs of different size at
different reproductive conditions (Kamler 1992;
Chambers and Waiwood 1996). Variation in egg size
among salmonid populations may represent local
adaptations (Fleming and Grossm 1990). There were
some evidences that such variation was heritable (Gall
1975; Gjerde 1986), but egg size was also a plastic
trait and it can be influenced by maternal feeding
conditions (Jonsson and Jonsson 1999) and maternal
size (L’Abée-Lund and Hindar 1990; Heath et al.
1999).

In conclusion, the majority of fish from the
Yodong River were younger and age classes were
simple, suggesting that this population is threatened,
so some protective measures should be taken to
prevent capturing the fish in spawning period (from
October to January). Further studies should be
conducted on artificial reproduction, culture, conser-
vation, management, and restocking to improve our
understanding of how to protect, restore and enhance
brown trout population in that river.
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