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Abstract

Growth and reproduction of the Thai river sprat Clupeichthys aesarnensis (Teleostei: Clupeidae) in Sirindhorn Reservoir,
Thailand, and Nam Ngum Reservoir, Laos, were investigated using age estimates obtained from daily growth increments in
otoliths and gonad observations. This species breeds throughout the year in both reservoirs, although water temperature was
higher in Sirindhorn than in Nam Ngum. The Sirindhorn population tended to mature at smaller size (length) and younger age
than the Nam Ngum population; the Sirindhorn population also tended to grow faster before reaching sexual maturity, grow-
ing slowly afterwards, than did the Nam Ngum population. Additionally, the maximum size in the Sirindhorn population was
observed to be smaller than that of the Nam Ngum population. These observations indicated that higher water temperature
resulted in earlier maturation and smaller maximum size in C. aesarnensis. Meanwhile, the smaller maximum size observed
in the Sirindhorn population was possibly caused by an evolutionary down-sizing resulting from the overexploitation of this
population, because Sirindhorn reservoir is exposed to more intensive fishing pressure.
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Introduction

The Thai river sprat Clupeichthys aesarnensis (locally called
Pla kaew in Thailand and Pa keo in Laos) is a small clupeid
[maximum standard length (SL) approximately 70 mm] (Baird
et al. 1999) that is widely distributed across the Mekong river
basin, including Laos (Kottelat 2001), Cambodia (Rainboth
1996) and Thailand (Jutagate et al. 2003; Poungcharean
2006). This species is an important fishery resource for artisa-
nal fishing communities, particularly around large man-made
reservoirs, such as Sirindhorn, Pasak Jolasid, and Ubolratana
reservoirs in Thailand (Vijverberg et al. 2001; Jutagate et al.
2003; Poungcharean 2006) and Nam Ngum Reservoir in Laos
(Mattson et al. 2001), where large populations of C. aesarn-
ensis have developed since the reservoirs were constructed.
This species contributes more than 20% of the annual fish
catch in Sirindhorn and Nam Ngum reservoirs, but there have
been steady increases in fishing effort since the application
of fishing gear that exclusively targets C. aesarnensis, i.e.
the “lamp-light” scoop net, in such reservoirs (Mattson et al.
2001). This is causing concerns about stock declines, although
little evidence has been collected, despite fishermen’s percep-
tions of decreasing catches (Mattson et al. 2001; Jutagate et al.
2002). In addition to the above concern, the establishment
of breeding populations of approximately 20 alien fish spe-
cies (including carnivorous fish species, e.g. African catfish
Clarias gariepinus) in the Mekong basin (Phillips 2002; Wel-
comme and Vidthayanon 2003; Hung et al. 2011) is another
potential cause of declines in native fish diversity and stock
levels of indigenous fishes of the region. Accordingly, there is
a need for biological research that contributes to the conserva-
tion and sustainable exploitation of the indigenous fishes in
the region, including C. aesarnensis. Moreover, because of
wide geographical distribution of this species, the character-
istics of growth and reproduction of remote populations are
possibly different, due to variations of environmental condi-
tions, particularly water temperatures. Therefore, biological
information on such remote populations of this species and
its comparisons are contributory to further considerations on
species conservation and sustainable exploitation.

Several previous studies have focused on the efficient
exploitation and management of C. aesarnensis. For instance,
Costa-Pierce and Soemarwoto (1990) estimated its life span
to be approximately 9 months, and Sirimongkonthaworn
and Fernando (1994) reported on its zooplanktivorous feed-
ing habit in the Ubolratana Reservoir. Poungcharean (2006)
investigated the distribution and early development of C.
aesarnensis in Pasak Jolasid Reservoir, and Jutagate et al.
(2003) estimated yield/growth/mortality rate and demon-
strated probable overfishing of this species in Sirindhorn Res-
ervoir. However, detailed information on the life history of C.
aesarnensis is still largely lacking, especially information on
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growth, gonadal development and reproduction. Such infor-
mation is essential for stock management of the species and
contributory to conservation of fish diversity of the region.

The use of otolith daily growth increments to clarify the
life-history traits of small fishes, such as C. aesarnensis,
has progressed since the method was developed by Pan-
nella (1971), and has been applied to determine age and
to estimate growth models, spawning season and life span
in many fish species (Kon and Yoshino 2002; Morales-Nin
2000; Morioka and Sano 2009; Morioka et al. 2014). The
combined analysis of daily age and gonadal development
can provide further biological insight, and examination of
stomach contents can provide information on the species’
feeding habits and food supply at the sampling sites.

Along with the above context, in this study we investigated
two populations of C. aesarnensis from Sirindhorn Reservoir,
Thailand, and Nam Ngum Reservoir, Laos, the two reservoirs
being located far apart and considered to be under different tem-
perature regimes, to determine their growth patterns based on
ages estimated from otolith daily growth increments, size and
timing of sexual maturity based on the observations of gonads,
and feeding habit based on the analysis of stomach contents.

Materials and methods

Characteristics of sampling sites and fish sample
collection

Thai river sprat, Clupeichthys aesarnensis, samples were col-
lected from two man-made reservoirs that were constructed in
1971: the Sirindhorn Reservoir in Thailand and Nam Ngum
Reservoir in Laos. The former reservoir was constructed
mainly for irrigation, with a surface area of approximately
288 km? and an average depth of 5 m (Jutagate et al. 2012)
and is located about 63 km east of downtown Ubon Rat-
chathani (Fig. 1a). The latter was constructed for hydroelectric
generation and irrigation, with a surface area of approximately
370 km? and an average depth of 19 m (Mattson et al. 2001),
and is located about 61 km north of downtown Vientiane
(Fig. 1b). Samples were collected from the eastern shore of
the Sirindhorn Reservoir (15°21'12.70”"N, 105°45'48.38"E,
altitude 153 m) (Fig. 1a) and from the western shore of the
Nam Ngum Reservoir (18°50"74.45"N, 102°56'47.40"E, alti-
tude 355 m) (Fig. 1b). Fish were collected at night using lamp
light and four-armed scoop nets (1-2 mm mesh) from Septem-
ber 2012 to August 2013 in Sirindhorn Reservoir and from
November 2016 to October 2017 in Nam Ngum Reservoir.
Samples were preserved in 70% ethanol immediately after
collection. Water temperatures at the bottom of nearshore
waters (< 100 cm depth) were recorded hourly using data log-
gers (HOBO Water Temperature Pro v2 Data Logger, Onset
Computer Corporation, USA) in both reservoirs.



Fisheries Science (2019) 85:667-675 669
105°E 106°E 100°E 104°E 102°E 103°E
China
a b
h
eZ
: £ z 2
} A 5 =
Zb = ] © Vietnam 1<
o ' o Laos
Thailand { ........... \ :
s E z /‘\
7 O TS R e T L ® Thel-/ z
) A g “~~0 2
Z/No01020 40km W £ B AR /
T 105%E E~ 0 1020  40km ~.
102°E 103°E
Thaifand . NS
z =z
OQ' ‘\ .......... _Cé:
Cambodia
/
=
L T— 1 Iy
400 km N

Fig.1 Maps showing two man-made reservoirs in Thailand and Laos
for sample collection of the Thai river sprat Clupeichthys aesarnen-
sis. a Sirindhorn Reservoir, Thailand, b Nam Ngum Reservoir, Laos.

Sex identification and gonadosomatic index

Ethanol-preserved fish were measured for standard length
(SL, to the nearest 0.1 mm) using dial callipers, and body
weight (BW, to the nearest 0.001 g) using a precision bal-
ance. All specimens were dissected under a stereoscopic
microscope (X 0-80 magnification) for gonad extraction.
The gonads were observed under an optical microscope with
transmitted light (100-200 X magnification) for identifica-
tion of ovaries or testes to determine the sex. The gonad
weights of both females and males were measured (to the
nearest 0.001 g) for calculation of the gonadosomatic index
(GSI=gonad weight/body weightx 100).

Stomach contents and otolith-increment
observations

The stomach contents were recorded, and the feeding
incidence (number of specimens with stomach contents/
observed number of specimens X 100%) was calculated.

104°E

Open and closed circles in a and b represent sample collection sites
and the towns Ubon Ratchathani and Vientiane, respectively

Subsequently, the otoliths (sagittae) were removed under a
dissecting microscope and mounted in epoxy resin on glass
slides. The sagitta was identifiable by its large size and flat
arrowhead shape and was easily distinguishable from the
lapillus and asteriscus. The sagittae were subsequently
ground using waterproof sandpapers (#1500, 3 M Japan,
Japan) and lapping films (6- and 9-pm mesh, 3 M Japan,
Japan) and the ground surfaces were occasionally etched
by hydrochloric acid (0.1 N) to emphasize increment con-
trast. Otolith increments were counted under an optical
microscope with transmitted light (200—400 X magnifica-
tion) to estimate fish daily age and hatch date. For otolith
increment analysis, the Otolith Daily Rings Measurement
System (Ratoc System Engineering, Co., Ltd., Japan) was
used. Although daily periodicity of increment deposition
in otoliths has not yet been validated in C. aesarnensis, it
has been demonstrated in many other clupeids, e.g. Clupea
harengus (Moksness 1992), Spratelloides robustus (Rog-
ers et al. 2003) and Limnothrissa miodon (Meisfjord et al.
2006), as well as numerous other fish species (Campana
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and Neilson 1985). Hence, the otolith increments in C.
aesarnensis were considered to have been formed daily.

Growth model estimation

Comparisons in growth patterns of C. aesarnensis, i.e.
relationship between daily age and SL, were made between
Sirindhorn and Nam Ngum populations with applying the
von Bertalanffy growth model as follows;

L =L_[1- exp(—K(t - to))],
where L, is the estimated length of the fish at daily age ¢;
L, is the asymptotic length at which growth is zero; K is
growth constant; and ¢, is the theoretical age at SL zero.
The differences in growth models between the populations
were statistically examined by an F-test (Akamine 2010).
Additionally, specific daily growth (SDG=L,—L,_,) was
calculated based on the von Bertalanffy growth models.
Care and handling of the sample specimens were con-

ducted in accordance with institute regulations and Japanese
law (Kurosawa 2008).

Results
Water temperature fluctuations

The water temperatures at Sirindhorn and Nam Ngum reser-
voirs ranged from 21.8 to 36.1 °C (mean +SD: 28.8+3.3 °C)
and 21.3-34.4 °C (27.3 £ 1.5 °C), respectively, with seasonal
fluctuations. Overall, the water temperature was generally
higher in Sirindhorn Reservoir than in Nam Ngum Reser-
voir, particularly between February and August (Fig. 2). At

Sirindhorn Reservoir, the water temperatures elevated from
January to June and declined from June to January of the
following year (Fig. 2), and at Nam Ngum, the temperatures
elevated from February to May, were more or less constant
from May to October, and declined from October to Febru-
ary of the following year (Fig. 2).

Sex identification

Based on gonad observations, among a total of 378 specimens
of C. aesarnensis from Sirindhorn Reservoir (9.3-45.2 mm
SL), 193 were females (16.2-45.2 mm SL, 0.03-1.36 g BW),
134 were males (16.6-40.7 mm SL, 0.04-0.88 g BW), and the
sex of 51 individuals was unidentifiable (9.3-21.7 mm SL,
0.002-0.09 g BW). Among 486 specimens from Nam Ngum
Reservoir (7.2-59.5 mm SL), 247 were females (16.6-49.2 mm
SL, 0.03-1.65 g BW), 203 were males (15.6-59.5 mm SL,
0.02-2.32 g BW), and the sex of 36 individuals was unidentifi-
able (7.2-21.7 mm SL, 0.001-0.10 g BW). These observations
indicated that sexual dimorphism in gonads (differentiation of
gonads into ovaries or testes) becomes distinctive at approxi-
mately 16-22 mm SL in this species.

Feeding incidence and stomach contents

The feeding incidence for the fish from Sirindhorn Reservoir
was 24.6% (n=93 specimens with stomach contents), and
the predominant stomach contents were zooplankton (daph-
niids, copepods and brachionids), found in 73 specimens
(19.3%), followed by aquatic/terrestrial insect fragments in
46 specimens (12.2%). Zooplankton were observed in these
specimens regardless of fish size, while insects were primar-
ily found in stomachs of fish larger than 25 mm SL (39 of 43

Fig.2 Year-round water tem- 35
peratures (weekly mean +SD)
in Sirindhorn Reservoir, Thai-
land (September 2012—-August
2013) and in Nam Ngum
Reservoir, Laos (November 8
2016—October 2017) “ 304
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specimens > 25 mm SL).The feeding incidence (%) of fish
from Nam Ngum Reservoir was 12.9% (n =63 specimens
with stomach contents), and the predominant stomach con-
tents were also zooplankton, found in 47 specimens (9.7%),
followed by fragments of insects in 18 specimens (3.7%).
Zooplankton in the stomach was also observed regardless
of fish size, while insect fragments were mostly observed in
fish larger than 30 mm SL (i.e. 17 of 18 specimens > 30 mm
SL). In addition, the stomach of a 37-mm-SL specimen, col-
lected in November 2016, contained nine larval C. aesarn-
ensis (sized 7.6-9.1 mm SL), indicating filial cannibalism.
These findings indicate that C. aesarnensis feeds primarily
on zooplankton up to a size of about 25 mm SL, whereas
larger individuals can feed on larger prey, such as insects.

Otolith increment analysis, hatch month,
and gonadosomatic index

Daily growth increments were clearly deposited and count-
able in the sagittal otoliths (Fig. 3a, b). Around the otolith
core, a thin and distinctive check was observed at approxi-
mately 4 pm from the otolith core and was thus designated as
the hatch check (Fig. 3b). Estimated ages were 15-238 days
(9.3-45.2 mm SL; n=378) for fish from Sirindhorn Reser-
voir, and 14-243 days (7.2-59.5 mm SL; n=486) for those
from Nam Ngum Reservoir. Hatch months, estimated from
the daily ages of each specimen, were distributed through-
out the year in both populations (Fig. 4), indicating that C.
aesarnensis breeds year-round in both reservoirs.

The gonadosomatic index (GSI) of C. aesarnensis
females from Sirindhorn Reservoir started to increase at
around 20 mm SL and reached approximately 16, whereas

that of females from Nam Ngum Reservoir started to
increase at around 26—27 mm SL and reached approximately
14 (Fig. 5a). The GSI of males from Sirindhorn Reservoir
tended to increase at around 20 mm SL and reached 8-10,
whereas that of males from Nam Ngum Reservoir tended
to increase at around 22 mm SL and reached approximately
6 (Fig. 5b). These data demonstrate that C. aesarnensis in
Sirindhorn Reservoir were sexually mature at a smaller size
(ca. 25 mm SL in females, 23—-25 mm in males) than fish
in Nam Ngum Reservoir (ca. 28-30 mm SL in females, ca.
25 mm SL in males).

Inter-population comparison of growth patterns

The relationship between the daily age and SL of the Sirind-
horn specimens was fitted using the following von Berta-
lanffy equation:

Lt = 36.72[—exp(—0.02 - )] (R* = 0.85,n = 378)(Fig. 6a).

The SDG was also calculated for specimens from the Sirind-
horn Reservoir (Fig. 6d). Similarly, the relationship between
the daily age and SL of the Nam Ngum specimens was fitted
by the following equation:

Lt = 44.76[1 — exp(-0.01 - 1)] (R* = 0.89,n = 486)(Fig. 6b).

The SDG was calculated for the Nam Ngum specimens
based on the above equation (Fig. 6d). A significant differ-
ence was observed between the growth equations for the two
populations (F-test, p <0.01) (Fig. 6¢). A comparison of the
estimated SDG for each population (Fig. 6d) showed that
fish in Sirindhorn Reservoir had grown faster than those in

Fig.3 Otolith (sagitta) of the Thai river sprat Clupeichthys aesarnensis (25.6 mm SL, collected from Sirindhorn Reservoir). a Otolith daily
increments, b otolith core portion, ¢ and HC in b: otolith core and hatch check, respectively
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Fig.4 Distributions of hatch 100
months of the Thai river sprat
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Fig.5 Relationships between standard length (mm) and gonadoso-
matic index of the Thai river sprat Clupeichthys aesarnensis collected
from Sirindhorn and Nam Ngum reservoirs. a Females, b males.

Nam Ngum Reservoir up to ca. 45 days after hatching (to a
size of approximately 18—-20 mm SL), whereas beyond this,
the growth of Nam Ngum fish was faster than that of fish in
Sirindhorn Reservoir.

Discussion

There were 4 years of lag time between the surveys at Sirind-
horn Reservoir (2012-2013) and at Nam Ngum Reservoir
(2016-2017) in the present study. However, the annual aver-
age air temperature (the average of over the past 30 years)
in the former was generally higher (ca. 27.1 °C) than in the
latter (25.4 °C) (Climate.data.org; https://en.climate-data.
org/), the former located at lower latitude and altitude (ca.
15°21'N and 153 m) than at the latter (18°51'N and 355 m).
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Hence, the higher water temperature in the Sirindhorn Res-
ervoir than that in the Nam Ngum Reservoir, as observed
in the present study, is considered a phenomenon occurring
annually, and thus the biological information of the Thai
river sprat Clupeichthys aesarnensis collected from these
two reservoirs is considered reasonably comparable. Further,
although we used the otolith increments of C. aesarnensis
to be daily increments without validation in reference to
the previous reports on daily periodicity of otolith incre-
ment deposition in other clupeids (Moksness 1992; Rogers
et al. 2003; Meisfjord et al. 2006), validation of periodical
increment deposition in this species would be eventually
necessary.

Based on the hatch months estimated by daily ages of the
sampled specimens, C. aesarnensis is considered to breed
throughout the year in both the Sirindhorn and Nam Ngum
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and specific daily growth (SDG) of the Thai river sprat Clupeichthys
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reservoirs (Fig. 4); this result agrees with the findings of
previous studies for the species (e.g. Costa-Pierce and Soe-
marwoto 1990; Jutagate et al. 2003; Poungcharean 2006).
The maximum ages of the sampled fish observed in the pre-
sent study were 238 days (45.2 mm SL) in the Sirindhorn
population and 243 days (41.8 mm SL) in the Nam Ngum
population. This suggests a life span of at least 8 months for
the species, which is close to the 9-month life span reported
by Costa-Pierce and Soemarwoto (1990). Considering the
previously reported maximum size of the species (70 mm
SL; Baird et al. 1999) being larger than that observed in the
present study, a 9-month life span seems reasonable.
Stomach content analysis indicated that C. aesarn-
ensis feeds mainly on zooplankton and occasionally on
insects, consistent with the findings reported by Sirimong-
konthaworn and Fernando (1994). Insects were more fre-
quently observed in the stomachs of larger specimens
(>30 mm SL in the Nam Ngum population, >25 mm SL
in the Sirindhorn population), suggesting that the prey-
size selectivity of C. aesarnensis changes with growth. An
instance of filial cannibalism was observed in the present
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horn and Nam Ngum reservoirs, respectively. ¢, d comparisons in
growth models and SDGs between Sirindhorn and Nam Ngum reser-
voirs, respectively

study. This type of cannibalism occurs in numerous teleost
fishes and is thought to provide an alternative food source
for adult fish when this is needed to maximize future repro-
ductive success (Smith and Reay 1991; Manica 2002).
Considering the low feeding incidence observed in the
present study (12.9% in the Nam Ngum population, 24.6%
in the Sirindhorn population), filial cannibalism may also
be important in providing supplemental food for adult C.
aesarnensis. However, only a single instance was observed
among 864 specimens examined in the present study, and
it is not clear whether filial cannibalism is a biologically
meaningful behaviour in this species.

Gonadal development commenced in smaller specimens
in the Sirindhorn population of C. aesarnensis compared
with the Nam Ngum population (Fig. 5), and water tempera-
tures at the former reservoir were higher throughout most of
the year (Fig. 2). Furthermore, fish in the Sirindhorn popu-
lation tended to grow faster than those in the Nam Ngum
population up to around ca. 45 days of age (ca. 18-20 mm
SL), and thereafter the Nam Ngum population showed faster
growth (Figs. 6d). In the Sirindhorn population, gonadal
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development progressed rapidly after reaching 20 mm SL
as shown by an increased GSI (Fig. 5). In general, higher
water temperature promotes early maturation among fish
species, as reported in the Japanese rice fish Oryzias latipes
(Yoshioka 1970) and the combtooth blenny Dasson trossu-
lus (Dotsu 1982). Further, in the silver-stripe round herring
Spratelloides gracilis, a marine short-lived small clupeid,
higher temperature was also considered to promote earlier
growth, particularly during the larval and juvenile stages
(Durieux et al. 2009). Besides, growth after sexual matura-
tion is often stagnant due to the shift of energy consump-
tion from body somatic growth to gonad development, as
reported in the gilthead seabream Sparus aurata (Kadmon
et al. 1985) and the white-spotted spinefoot Siganus canali-
culatus (Grandcourt et al. 2007). Considering these previous
findings, the differences in patterns of growth and timing of
maturity between the Sirindhorn and Nam Ngum popula-
tions can be attributed to differences in water temperatures
between the two reservoirs. Meanwhile, the females with
exceedingly low GSI among the largest specimens observed
in this study (> 35 mm SL) in both populations (Fig. 5a) are
considered post-spawning specimens, suggesting the possi-
bility of multiple spawning in C. aesarnensis, although re-
spawned females were not identifiable in the present study.
Multiple spawning was reported in several marine small-
sized tropical/subtropical clupeids with short life spans, e.g.
the silver-stripe round herring Spratelloides gracilis (Weng
et al. 2005), the delicate round herring S. delicatulus and
Lewis’ round herring S. lewisi (Milton and Blaber 1991;
Milton et al. 1995). Considering the previously reported
maximum size of the species (ca. 70 mm SL; Baird et al.
1999) that is much larger than those observed in this study,
multiple spawning may be more feasible in larger specimens
than those obtained in the present study.

Some marine small-sized tropical/subtropical clupeids
(e.g. Spratelloides delicatulus, S. gracilis, S. lewisi) are
known to be important prey for carnivorous fishes, and pre-
dation is probably the major cause of their natural mortality
(Milton et al. 1991). Likewise, for C. aesarnensis, predation
may be the most common cause of natural mortality (Matt-
son et al. 2001; Jutagate et al. 2002). If so, the early matura-
tion and year-round spawning of C. aesarnensis observed in
this study would be advantageous for maintaining the popu-
lation by maximizing the number of individuals spawning,
as well as by reducing the generation time, as discussed for
the above-mentioned marine clupeids (Milton et al. 1991).
In addition to natural mortality, fishing is another important
source of mortality, and overexploitation can often result
in decreased fish sizes with maturation at younger ages, as
previously reported for many other species (Hutchings 2005;
Jgrgensen et al. 2007; Conover et al. 2009; Sharpe and Hen-
dry 2009; Sakai 2009; Ngor et al. 2018). The estimated max-
imum size in the Nam Ngum population based on the growth
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models (around 45 mm SL) in the present study was greater
than that in the Sirindhorn population (around 37 mm SL)
(Fig. 6). Considering this size difference of fish between the
reservoirs and the larger fishing effort in Sirindhorn Reser-
voir than in Nam Ngum Reservoir (inferred on the basis of
a larger population of consumers surrounding the former
reservoir), the smaller size observed at Sirindhorn Reservoir
than at Nam Ngum Reservoir may have been caused by an
evolutionary down-sizing due to overexploitation (Sharpe
and Hendry 2009), as noted by Jutagate et al. (2003).
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