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Regular paper

Life history traits and exploitation of Hampala barb (Hampala
macrolepidota— Cyprinidae) in a subtropical reservoir (Lao PDR)

by

AnneTESSIER (1, 2), DaviBBEAUNE (3), JearGUILLARD (1), KaobourkUE (4), MaudCOTTET (4),
VincentCHANUDET (5), Stéphan®ESCLOUX (6) & Jacque®ANFILI (7)

Abstract. —The life history traits oHampala macrolepidota D FRPPRQ IUHVKZDWHU AVK VSH
$VLD WKDW LV RI LQWHUHVW IRU AVKHULHVY DQG VSRUW AVKLQJ Zt
ervoir in Lao. The exploitation status of this species was also characterized using data from landing. Toluidine-
stained transverse section of otoliths from 450 specimens, collected between November 2015 and January 2017

E\ H{SSHULPHQWDO JLOOQHW AVKLQJ DQG ODQGLQJ VXUYH\V- ZHUH I
tion and to age individuals. Length, weight, sex and sexual maturity stage were recorded. Life history traits were
characterized by length-weight and length-age relationships. The periodicity of annulus formation was annual,
with complete formation of the translucent zone at the end of the warm and dry season and the beginning of
WKH ZDUP DQG ZHW VHDVRQ 0D\ -XQH 7KH OHQJWK DW AUVW VHI;
a standard length of 212 mm and at 3.3 years old (50% of matured females). The condition factor, which was
between 1.04 and 1.09, was lower than for other studied populdfiomscrolepidotan the Nam Theun 2 Res

‘Suiiimed: 3 Jun. 2019 ervoir had a relatively slow growth (0.24Hrwith a relatively short lifespan (maximum age of approximately
Accepted: 4 Nov. 2019 9 years old). The species exploitation in the reservoir mainly concerned individuals that had a standard length
Editor: E. Dufour between 120 and 22@m, meaning that 67% of landed individuals did not have time to reproduce before cap
ture. The exploitation rate was 0.87, and according to the probability of capture, individuals had 50% chances of
being caught after 182.5 mm, preventing them from taking part in the stock renewal. The present study suggests
that theH. macrolepldotaSRSXODWLRQ LQ WKH UHVHUYRLU LV RYHUH[SORLWHOC
KeyIV\rllords IRU IXUWKHU LPSURYHPHQWY LQ AVKHU\ PDQDJHPHQW DQG WKH VXV
Otolitl
Man-made Lake
Age Résumé —Traits d’histoire de vie et statut d’exploitatiorHdimpala macrolepidotéCyprinidae) dans un lac de
Growth retenue subtropical au Laos.
South-East Asia . e . . . , . . .
Fisheries Les traits d’histoire de vie Hfampala macrolepidotgpoisson d’eau douce communément présent en Asie

du Sud-Est et présentant un intérét pour la péche commerciale et sportive, ont été étudiés pour la population du
réservoir de Nam Theun 2 au Laos. Le statut d’exploitation de cette espéece par la pécherie locale a également
été caractériséia un suivi des débarquements de la péche artisanale et de subsistance. Les sections transversales
G-RWROLWKHV GH VSpFLPHQV FROOHFWpVY HQWUH QRYHPEUH
périodicité de formation de I'annulus et déterminer I'age des individus. La taille standard, le poids, le sexe et le
stade de maturité des gonades ont parallelement été collectés. Les relations taille-poids et taille-age ont été carac
térisées. Les résultats ont indiqué qu’un annulus se formait par an avec une zone translucide totalement formée a
OD AQ GH OD VDLVRQ VgFKH GpEXW GH OD VDLVRQ GHV SOXLHV PDL
estimée atteinte pour une taille standard der2d®Ret un age de 3,3 ans. Le facteur de condition compris entre

1,04 et 1,09 était inférieur a celui des autres populations asiatiques étudiées. La poptiatitacblepidota

du réservoir de Nam Theun 2 présentait une croissance relativement lente (0,24 an) avec une durée de vie assez
courte pour cette espece (age maximal 9 ans). L'exploitation de cette espéce dans le réservoir concernait princi
palement les individus ayant une taille standard comprise entre 120 et 220 mm. Ainsi, 67% des individus issus de
la pécherie n’avaient pas eu le temps de se reproduire au moins une fois avant d’'étre capturés. Le taux d’exploi
tation était de 0,87 et selon la probabilité des captures, les individus avaient 50% de chance d'étre capturés apres
avoir atteint la taille de 182 mm, les empéchant de prendre part au renouvellement du stock. Cette étude suggere
que la population ¢i. macrolepidotadu réservoir de Nam Theun 2 est surexploitée. Ces conclusions devraient
étre prises en compte pour améliorer la gestion de la péche actuellement en place et sa durabilité.
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Life history traits oHampala macrolepidota TESSIERET AL.

Large man-made lakes, called reservoirs (water surfaSeemarwoto, 1990; Mattsat al, 2000; CotteaindVisser,
area equal or greater than 10 kiE®DLD, 1992), are numer 2017) and is of major economic value for local human popu
ous worldwide (approximately 55,000), and more than 40%tions (Abidin, 1986; Ambaknd Jalal, 1998; Rovie-Ryan
are located in tropical and subtropical regiofGQLD, et al, 2008; Makmuret al, 2014) and for several countries,
2018). The construction of new tropical/subtropical ressport fishing interest (Abidin, 1986; Zakama al, 2000;
HUYRLUV SULPDULO\ IRU ARRG F Risfan&addBroiG 2618)Rusd thé)dddrackeiizatiBnQf BsQ G
IRU HOHFWULFLW\ SURGXFWLRQ B Nstury traitd HaveD«pai @l \vdrnQiffl&)atdntiod Buviro Q F H
the 1960s, especially in Asia, a region of the world whicét al, 1990; Liuet al, 2012, 2015). The IUCN (2018) men
has approximately 25% of the world’s reservoirs (Bhukagdioned that research is requiredldnmacrolepidotao bet
wan, 1980; Sugunan, 1995). In the Lao People’s Democratér understand the species distribution, population trends,
Republic (Lao PDR), water from tributaries contributes tthreats, habitats and ecology. Furthermore, these rare stud

RI WKH WRWDO ARZ RI WKH 0H Nd? @all Ifit¥cdHa0ce D EcHURE thieyDWirel @t published in

33 hydropower reservoirs are operational, 31 are under cdinglish and/or the methods used and/or their results were
struction and approximately 56 are planned or are under fewt clear. Finally, there are not many biological parameters
sibility study (Greater Mekong Dams Observatory, 2017)DYDLODEOH LQ WKH OLWHUDWXUH RU L
BKRQYLVD\ LQGLFDWHG W K D Wase.or)lfontHislpdcié SURGXFWLRQ
of the Lao PDR come from reservoirs and that this per To estimate the age and growth, which are among the
centage should increase in the future (MadtedLasserre PRVW LPSRUWDQW OLIH KLVWRU\ WUDLYV
2014). In Lao PDR and other Asian countries, the reservoiridDU VWRQHY DQG WKHLU VHDVRQDO J
are important for both food security and income by contribUHOHYDQW WRROV HYHQ LQ WURSLFDC

uting to valuable perennial fish resources (Fernaau et al, 2002; Morales-NinDQ G 3DQAOL 2WRO |
+RO tN 7 Kebah, @M DesSilvandAmar-  are the consequences of abiotic (e.g., seasons and tempera
asinghe, 2009). ture) and biotic factors (e.g., spawning period, food quantity

In Southeast Asia where natural lakes are rare, only a fewd body condition) (Beamisind McFarlane, 1983; Yosef
QDWLYH AVK VSHFLHV DUH DEOH WR® &D$WHW®W R D@t Zl, 20D2B.00QR Q@ BHIW D O
conditions induced by the impoundment (e.g., lentic systemecessary to validate the periodicity of mark deposition in
restricted range of possible food organisms and substratéee different habitats of the species (Beandsld McFar
little diversity of habitats) because of their riverine originOD Q H et3al) 20AZ). L
(FernandoDQ G +R O tN 7KHUHIRUH The/ &nhofffHe waséhtsuwdiwadt@estimate a few of the
ized by fisheries associated with these reservoirsareusaeDLQ OLIH KLVWRU\ WUDLWV DJH JURZ
ally dominated by introduced species coming from Africajal maturity) ofH. macrolepidota ZKLFK LV RQH PDL:
such as tilapiasQreochromis niloticugLinnaeus, 1758) ery target in the Nam Theun 2 Reservoir (NT2 Reservoir),
and/orO. mossambicu@Peters, 1852) (Amarasinghe, 1987{.ao PDR, to provide information for its management. The
FernandoDQG +RO tN and DRIIVADIRIL; objectives were (i) to characterize otolith seasonal incre
Petet al, 1996; CotteandVisser, 2017). However, a few ments and validate their timing of deposition, (ii) to estimate
native fish species can also dominate the catches, whitte growth and demographic structure, (iii) to determine the
can either be associated or not with the tilapias. The spPHDQ OHQJWK DQG DJH DW AUVW VHI[X
cies most commonly found in these ecosystems in Southea$brmation from theH. macrolepidotapopulation within
Asia is a CyprinidagHampala macrolepidot&uhl, Van & the NT2 Reservoir, and (iv) to determine the sustainability
Hasselt, 1823 (Setadt al, 1987; Costa-Perand Soemar Rl1 WKH VSHFLHV AVKHU\ ZLWKLQ WKH
woto, 1990; Muthmainakt al, 2015). This species is alsoimprovement of its management, which could be compared
dominant in Laotian reservoirs (Mattsehal, 2000; Cottet with or transferred to other reservoirs.
and 9LVVHU ‘LWK WKH VLIQLAFDQW FRQWULEXWLRQ RI WKLYV
QDWLYH VSHFLHV WR WKH AVKHULHYVY DVVRFLDWHG ZLWK UHVHUYRLUV DQ(
the future rise of the number of reservoirs, it is necessary to MATERIALS AND METHODS
strengthen the knowledge of its history traits for better catch
PDQDJHPHQW RI WKLV AVK VSHFLINdysiEWKHULQJ LQIRUPDWLRQ RQ
WKH OLPQRORJLF IHDWXUHV FKDU D Fi bty pasarR@ter Fowihie Nark \Tikedn PLhiidvoed Q G
the population and community dynamics could all providkectric Reservoir (NT2 Reservoir), which is located at B38
valuable data for a more adequate management of introduedsbve sea level in the centre of Lao PDR at 17°50’'N and
DQG QDWLYH AVK VSHFLHV 105°10’E (Fig. 1) (Desclourt al, 2011). This reservoir,

However, althoughd. macrolepidotaepresents a major which was impounded in 2008 (Descloebal, 2011), expe
SRUWLRQ RI WK HetAal OB Cddtd-Peddand/ Dridhces a monsoon regime (DesclamdCottet, 2016). The
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105°00°E 105°100°E. 105°200°E

Fish sampling
H. macrolepidotawere collected monthly between
November 2015 and January 2017 from various sites at the
17 5HVHUYRLU E\ H[SHULPHQWDO AVK
VXUYH\V )USHULPHQWDO AVKLQJ XVHG
PRQRAODPHQW JLOOQHWW @ RHRKI WK URR
prising ten panels of 10, 15, 20, 25, 30, 35, 40, 50, 60 and
70 mm mesh sizes between knots (Cagtedl, 2016). The
experimental gillnets were set in the afternoon (for 15-16
hrs) at each site (Cottet al, 2016). In addition, a landing
survey was performed and allowed to collect individuals
, with a standard length of more than 250 mm to complete the
e size range for the sampling due to the larger range of mesh
' VLIHV XVHG E\ P\PKWRBPIFQ 8QSXEO GDV
— NTPC). The experimental fishing was performed at four
Figure 1. — Map of the Nam Theun 2 Reservoir in Lao PDR at ifc,ﬁampling ‘.Sites’. and th_e landing suryeys were conducted at
highest level (surface 489 kmz2) and localization of sampling sitesthree landing sites. This allowed a size sample of more than
E\ H{TSHULPHQWDO AVKLQJ JLOOQHWYV EOOiRdAviGURIY/tH Me dbiQidedrftom LtHe N2 Reserzo®.D F N
VWDUV E\ ODQGLQJ AVKLQJ HIIRUW PRQL:RY LRIk 6RXY FHp HW@@F@WD@@CDUC

cold and dry (CD) season lasts from November to Febr‘t’:ve'ghed (t(_)tal we|ght ng, W). Ind|V|duaI_s were sexed by
macroscopic examination of the gonads (juveniles, females

ary, the warm and dry (WD) season is betvyeen March agg 4 males). When there was doubt regarding the gonad
May, and the warm and wet (WW) season is between Juggamination, individuals were mentioned as undetermined.

and October (Desclowst al, 2016). The surface of the NT2 The “undetermined” individuals were not considered for
Reservoir varies between 86 km?2 (theoretical minimum) &te analysis to determine the mean length and age at first

the end of the WD season in June and 489 km2 atits full suyd H[XDO PDWXULW\ 7KH PDWXUDWLRQ \
ply level at the beginning of the CD season in Novemb@&hd female according to the scale described by Pitra.

(Desclouxet al, 2016). It is a relatively shallow reservoir (2007). Otoliths (asteriscus) were extracted, cleaned, air-

with an average depth of 8 m and a maximal depth of 38 ried and stored dry in labelled plastic vials until processing

L or age estimati
(Chapudebt al. N W ZDV FODVVLAH i $%é eﬁ%pﬁ%ﬁ&%l &Hrjrg‘lw%re performed by the Nam
trophic freshwater reservoir between 2008 and 2011 (trophigeun 2 Power Company who has the national authorization
upsurge period) and as oligotrophic after 2011 (DesclouxR U AVK SRSXODWLRQ PRQLWRULQJ DQC
andCottet, 2016; Martinegt al, 2016). The water trans ervoir by the Lao Government, namely the Ministry of Agri
parency is on average at 1.8 m (range = 1.2-2.6 m, Martulture and Forestry representative on Province level and the
netet al, 2014). The surface water temperature varies froakai Natural Protected area (Watershed Management Pro
approximately 18°C at the end of the CD season to 300ctggtion Secretariat). The sampling did not catch endangered

the end of the WD season (Chanuelieal, 2015). The NT2 _ SURWH FWHG AV.K.VS HFELHV WK H WD
o . . . species and the experimental fishing followed established
Reservoir is monomictic, and a short mixing period Occurgf‘FL)lidelines for treatment of animals in research and teach
Along the southwestern coastline of the NT2 Reservoifest were already dead when the nets were removed the next
16 resettlement hamlets are present with approximatetyorning.
KRXVHKROGV LQ DQG RI WKHP SUDFWLFH AVKLQJ

activities for income generation and subsidence (Cattét Otolith processing .
9LVVHU (YHQ WKRXJK WKH AVKHLWKLR K WRWDG AYKEWVDPSOH L
voir are composed of multiple species, the catches are dorH FK PRQWK EA\ D OHQJWK VWUDWLAHG

nated by one exotic introduced spec@eochromis niloti etry. The right otolith from each individual was embed
y , ) P & . ded in polyester resin (SODY33 with catalyst, E¥cénd
cus and therby the native speci¢dampala macrolepidota

sectioned through the core along a transverse plan using a
(CottetandVisser, 2017). The catchesldf macrolepidota Byenlef IsoMet low speed saw. To improve readability, the
have increased regularly to reach 21% of the total catch fraransversal posterior side of the otolith (i.e., half section)
the NT2 Reservoir in 2014 (CottahdVisser, 2017). was manually grinded to the core on using Esabrasive
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GLVFV DQG ZDWHWKP DQ@® @& KHQ S MBadnyI8bGAIKIINNVIRE6; Liet al, 2015). The equations
DQ (VFLOS SROLVK&® D BO®R WXDDSFRIuUBaIKd edtimatetile age in months came from Morales-Nin
pension. The section was then etched for 5 minutes witraad Panfili (2002) and were adapted to the present study
5% ethylenediaminetetraacetic acid (EDTA) solution andase. The equations are as follows, taking into account the
rinsed well with tap water. This step partially demineralisedalidation of the zone deposition in the otolith:

the otolith, and the highly mineralized and more organic — For an individual caught between January and June
regions became clearly distinguishable. The section wasth a translucent edge: Age (month}12 x N + (13 + rank
then stained for 9 minutes with 1% toluidine blue and rinse@m — rank Bm);

gently with tap water. The otolith translucent zones, induced — For an individual caught between January and June
by slow growth and containing rich proteins, are stainableith an opaque edge: Age (month) = 12 x N + (rank Cm +
by toluidine blue, whereas the opaque zones are not staiank Bm + 1);

DEOH 8txQ20aR). After staining, all sections were — For an individual caught between July and December
examined under a binocular microscope (Olynfp8%40) with a translucent edge: Age (month) = 12 x N + (rank Cm
under reflected light, and images were acquired with-arank Bm);

video camera (Olymp&sSC50 and SZ CT V camera rack, — For an individual caught between July and December

CellSensEntry software). with an opaque edge: Age (month) =12 x N + (rank Cm +
rank Bm —1).

Age estimation and validation N is the number of translucent zones that totally formed

The type of otolith zone (stained translucent or opaquahd were counted, rank Cm is the rank of the month of cap
was macroscopically identified, the aspect of the otolitture (e.g., 11 for November), rank Bm is the rank of the
edge (stained translucent or opaque) was evaluated, andrttanth of birth (in the present study, it is 6 because June rep
translucent stained zones were counted along the otolith slsents the time of maximum reproduction), and 1 month
cus on the ventral axis (Fig. 2). The counts of translucewis added or subtracted because there was 1 month of shift
stained zones for each section were performed twice by thetween the average month of births and the formation of 1
same reader with a 1-month interval without knowledge afew translucent stained zone. For the growth study, the age
the fish length. To estimate ageing precision, the percentas calculated in months to achieve an accurate representa
age of full agreement, the average percentage of error (ARBn of the growth variability.

%HDPLVK DQG )RXUQLHU DQG WKH FRHIAFLHQW RI YDULDWLRQ

(CV, Chang, 1982) between readings were calculated. Otdfe history traits

OLWKY SUHVHQWLQJ YDWHULWLF F Dl BaxAdi® WdldR:@nmalesbwas@I@dinédsiqgridta | R G
were excluded from the analysis. They represented 19%aifllected between November 2015 and January 2017. The
the subsampled otoliths. The individual age was estimatddviation from equilibrium (expected 1:1) was tested using

in years using the capture date, the mean birth date (assurtiedChi-square test.

to be Junestdue to a peak of reproduction observed in May The regression equation, ¥\a SL°, was used to describe

for theH. macrolepidotgpopulation in the NT2 Reservoir; the relationship between the standard length and weight,
unpubl. data NTPC), the number of translucent stained zoneBerea is a constant and is the length-weight isometri

and the otolith edge aspect (stained or not) (Moralesaiih cal factor. The length-weight relationship was established
3DQAOL $Q DJH OHQJWK NH\ zdityr &lbigArainsferlm@tide LMygRV H Lodrla® H Log;o
whether ages could be reliably estimated from their lengtiSL (Beckman, 1948). Differences in the above relationship
$JH OHQJWK GDWD ZHUH JURXSHG he@eR sexeB Rerk Yekte lhiQg A KndlyQiB of Yovariance
es. The choice of this interval referred to the intervalusedin 1 &29% RQ WKH WUDQVIRUPHG GDWD
the few studies available d¢h macrolepidotgWatsonand as isometric if b was equal to 3 and as allometric if b was

Figure 2. — Transverse section of an
otolith (asteriscus) from a*2year-
old Hampala macrolepidotérom the
Nam Theun 2 Reservoir. The section
was acid etched, stained with toluidine
EOXH DQG YLHZHG XVL(
strained translucent zones (white trian
gle) were counted along the sulcus axis
Core (C), translucent stainable zone
(TZ), opaque zone (OZ), ventral face
(V), dorsal face (D), external face (E)
and internal face (I).
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different from 3 (Ricker, 1975). A Student’s t-test wasperY LHZHG UHJDUGLQJ WKH AVKLQJ JHDU .
formed for each sex to identify whetherZ DV V L J-Q Lhadk®r@mbers and the length of net used. Their catches of
ly different from 3. The state of well-being of the mac  H. macrolepidotavere recorded. When the number of catch
rolepidotain the NT2 Reservoir was estimated for each sess was equal to or below 30 individuals, each individual was
category using the Fulton’s condition factor (Kf), which wasneasured (in mm, SL) and weighed (total weight in g, W)
calculated as Kf = 100 x (W/S)(Tesch, 1971). This condi at the landing site. When the number of catches was high
tion factor was used to compare sexes or periods (Woott@m,than 30 individuals, only 30 individuals were randomly
1999). After validation of the conditions of application; dif chosen, measured and weighted, and the total number of
ferences in the Fulton’s condition factor between sex categraught individuals was also recorded. In addition, fishing
ries (juvenile, male and female) were tested using a Kruskaffort monitoring was conducted in these three same ham
Wallis test followed by @ost hogDunn'’s test) to identify OHWYV 'XULQJ WKH FRQVHFXWLYH GD\
the differences. ing, 20 households in the same hamlet were interviewed on

The ages in months and SL were fitted to the vonBeD GDLO\ EDVLV WR GHWHUPLQH ZKHWK
talanffy growth function (VBGF) using a nonlinear leastDQG LI WKH\ ZHUH ZKLFK AVKLQJ JHDU
squares method (Gauss-Newton) to estimate the growthmbers they used. With the data coming from landing and
parameters. The VBGF is defined by the following equaAVKLQJ HIIRUW PRQLWRULQJ WKH HIIH
tion: Slgme = SL: (1 — eKime—b)) where Skme iS the stand als per size class (interval of 20m) was extrapolated by
ard length at age “time” (in months), Sis the asymptotic LQWHJUDWLQJ WKH W\SH Rl AVKLQJ JHD
OHQJIJWK . LV WKH JUR ZY)VandF R thé A FLBINOHWL PRR WRKFRXQW WKHLU &tRISRUWD (
theoretical age at a standard length equal to zero. The VGBB04). The age-length key was transformed in proportion to
was calculated when pooling all sexes and for separat&@URYLGH WKH SUREDELOLW\ RI D AVK
males and females. (Mesnil, 2002). Then, as mentioned by Mesnil (2002), the

The mean standard length at the first sexual maturity HFWRU IRU WKH AVK QXPEHUV FDXJKW
(SLspy DQG WKH PHDQ DJH DW sdWeveW wasimtpl@d Byxh Xge-leiigth kéy to obtain the vector for
considered to be the SL and age at which 50% of the fematke numbers caught for a particular age group.
were sexually mature, respectively. The females at stage 3 The total mortality coefficient (Z) was estimated from
or more on the maturity scale were estimated to be matufeV K O D Q G L Q\J3/4128 using the length-converted
(scale from Pillinget al, 2007). They were grouped by sizecatch curve method (Pauly, 1983; the slope = Z) from the
classes of 20 mm, and the relative frequency of femalpsoled length frequency data. The software used was the
that were reproductively active was calculated for eadPAO-ICLARM (Fish Center) Stock Assessment Tool (FISAT
size class. The Sb ZDV HVWLPDWHG E\ AWIW(GQ/anNNeKaI. IUDFW/LKRHQOQRDIW XUDO PRUWDC
mature females (%qfz:) to a logistic function using nonlin (M) was estimated following Pauly’s empirical formula
ear regressions and a least squared reduction method (L¢Rauly, 1980): Ln(m) = -0.052 — 0.279 In(9L+ 0.06543
erre-Barbieriet al, 1996; the Newton method, Duponchelldn(k) + 0.463 In(T°C). Linking natural mortality with the
DQG 3DQAOL socalculatioH inedlved the follow von Bertalanffy parameters (K and Sland the mean annau

ing equation: DO WHPSHUDWXUH 7f& RI WKH VXUIDF
% Finat = 100/(1 + exp(a (SL — Slso))) (in this case, temperatures of the surface water were record
wherea as a constant. ed at eight stations for the NT2 Reservoir every month). The
The Aspwas calculated from equation: average surface temperature for 2016 was 26.5°C. Fishing
% Fnat = 100/(1 + exp(a (Age — As))) mortality (F) was computed from the relationship, whereas
using the same least square reduction method by similaribe exploitation rate (E) was calculated from (Sparre, 1998):
with SLso. E = F/Z = F/(F+M) The probabilities of capture were inferred
All statistical analyses were conducted using the R sofrom the length-converted catch curves via backward extrap
ware (R Development Core Team, 2009). olation of the catch curve, and the numbers actually caught
were compared with those that “ought” to have been caught
([SORLWDWLRQ DQG AVKHULHYV (Sparre, 1998; Gayanilet al, 2005). The standard lengths
Monthly landing and fishing effort monitoring were DW ZKLFK DQG RI WKHsAVK ZH

achieved in three hamlets between January and DecemBeégg, SLys) were estimated using logistic curves (Pauly,

2016 (Fig. 1). The villages were chosen to cover the differeb®83) with FiSAT Il. A virtual population analysis (VPA)
reservoir areas. No village was located north of the ThalangVWLPDWHG WKH VWRFN ELRPDVV SR
Bridge. For the landing monitoring, each village was santanding data and the parameters determined above. For the
SOHG IRU FRQVHFXWLYH GD\V SH biom&Qaatiknatiob, Fié¢ stafdardéRgth-Wdibtit\ielationship
AVKHUPHQ UHDFKLQJ WKH ODQGLQusvieWH ZHUH LQGLYLGXDOO\ LQWHU
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Based on the previous parameters and frequencies, RESULTS

FiSAT Il was used to predict the relative yield and biomass

per recruit (Y'/R and B'/R) of the fisheries. Plots of Y’/R  From November 2015 to January 2017, a total of 1196

vs. E (= F/Z) and of B'/R vs. E were made, from whichd. macrolepidotandividuals were collected with 1187

Emax (exploitation rate that produces the maximum yield);99.2%) from experimental fishing and 9 from fishermen .
Eo.1 (exploitation rate at which a marginal increase in-rela 7KH QXPEHU RI VSHFLPHQV IURP A
tive yield-per-recruit was 10% of its unexploited biomass dfecause only the specimens with an SL higher than 250 mm

E = 0) and G s(value of E under which the stock has beetere integrated to complete the size range. Thfa individuals
reduced to 50% of its unexploited biomass) were also conf D XJKW E\ H[SHULPHQWDO AVRPQJ UD(
puted using the first derivative of the Beverton and HofeL and from 2 to 356 g, whereas the individuals fromdand

function (Bevertoret al, 1966). These were used as targefld ranged from 250 to 365 mm SL and from 379 to 980 g.
twH AVK VDPSOHV Z|

UHIHUHQFH SRLQWYV IRU WKH EHVW,:RVWR®D®D Q D J HPIH

Yield contours were plotted to assess the impact on yigh§ juveniles, females or males. The maximal SL and W were
of changes in exploitation rate (E) and critical length ratidound for the females (St 365mm and W= 980g; Tab.l).
SLJ/SL: (SLLEHLQJ WKH PHDQ OHQJw K RRepapipg ths @8- 204 thapcorlg 8apPg gexed, individuals
> 64p), and to determine the best E and/SL. to reach the 'anged from 45 to 217 mm and from 2 to 209 g.
maximal Y’/R and B’/R for the current situation.

The Thompson and Bell yield and stock prediction rof
tine in FiSAT Il were used for prediction of the relative-har

ge estimation and validation
Of the 450 subsampled otoliths, 21.0% were excluded

YHVWHG AVK DQG ELRPDVYV FKD—QJWW@@W}%”%%% H‘ﬁ'#ésl-?uﬁﬁoﬁaf?'icgmwm’

agement recommendation (Thompso Bell, 1934). This
model combines features of Beverton and Holt’s Y’'/R mod
ZLWK WKRVH RI 93% ZKLFK LW LQY

and Sl were compared with an increased value fog SI‘marked (well coloured) and had a fairly regular pattern. The

ZLWKRXW PRGLAFDWLRQ RI )

Table I. -Standard length (mm) and weight (g) per sexfampalamacrole

deformations or u
ble otoliths, the individuals ranged from 45 to 356 mm SL

A0 0 2 19,299 Sl ) Jusreiagap oL gopeqn

relatively easy because the tr

terpretable zones. For the interpret

nt zone'was ra

mean percentage of error (APE) and the mean

FRHIAFLHQW YDULDWLRQ &9 EHYV

pidotasampled from the Nam Theun 2 Reservoir in Lao PDR. N: number k#latively low values (5.6% and 4.0%, respective
individuals; SE: standard error.

ly) indicating a good accordance between mter

| Juveniles| Females | Males |Undeterminec pretations (94.7%). The edge analysisioiac
A — For total collected individuals rolepidotaotoliths indicated that the translucent
N 137 304 289 466 zone began to be deposited for a majority of the
Mean SL (x SE) 112 (£ 3.0)) 142 (+3.1) | 149 (£2.2) 95 (x 1.4) specimens in March until August with a peak in
SLuin, 55 58 61 45 May-June (86-82%, Fig. 3), which was opposite
SLimax. 205 365 255 217 to opaque zone formation. Only one translucent
Mean TL (+ SE) 144 (+ 3.8) 182 (+3.9) | 190 (+2.7)| 122 (+1.7) | Zzone was formed per year and appeared to start
TLomin, 73 74 77 52 at the end of the WD season and continued dur
TL o 265 463 316 279 ing the first half of the WW season. Validation
Mean W (+ SE)|37.9 (+ 2.9] 93.5 (+ 6.6) |85.9 (+ 3.7) 22.8 (+ 1.2) of the annual zone formation allowed the use of
W 4.0 41 55 23 the translucent stained zones on the otoliths for
min. . . . . . . .
W 1951 9800 3526 209 3 estimating the ages d¢f. macrolepidota The
5 - For otolith analysis. : : : estimated ages from the NT2 Reservoir ranged
N 31 161 129 36 from O to 9" years old. The 0age group was the
: or-

Mean SL (+ SE) 99 (+ 6.5)| 143 (+ 4.8) | 143 (+ 3.3)| 103 (= 5.3) best represented in the samples (66.1%; Tab. II),
SLmin 4 58 o1 45 followed by the 1 and Z age groups (9.8% and
SLm;}; 109 365 30 208 8.1%, respectively). The age-length key indi

' cated a large variability of ages for a given size
Mean TL (+ SE) 127 (+ 8.2) 182 (+6.0) | 183 (+4.2) 130 (+6.6) |  \ith important growth variability. For example,
TLmin. 73 4 Il 52 an individual with an SL of 165 mm could belong
TLmax. 252 463 299 258 to the age from Oto 4, although the majority
Mean W ( SE)| 28.8 (+ 6.3) 101.6 (+ 141.1)77.9 (£ 5.6} 27.5(+5.1) |  of them (69.7%) belonged to thé and 3 age
Wmax. 161.0 980.0 325.7 176.4
356 Cybium 2019, 43(4)
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Figure 3. — Monthly frequency evolution
of the translucent and opaque zones at the
otolith edge from thélampala macrolepi
dotafrom the Nam Theun 2 Reservoir in
Lao PDR. The number of otolith samples is
indicated at the top above each month (N).

Table II. —~Age-length key foHampala macrolepidotérom the Nam Theun 2 Reservoir slopes, F = 52872, p < 0.001; inter
in Lao PDR based on transversal section reading of the asteriscus otoliths after coﬁgaaté F =2.16, p = 0.115; R2 = 0.98)
tion; sexes were combined, and unsexed specimen were included; standard length (SL) and’ 7 ’ ’ )

P 9th (S35t (ANCOVA: slopes, F = 36904,

standard error (SE).
p < 0.001; intercepts, F = 0.01,

SL ('mr?{)"a's N T T 5 3+A9e 4‘3r°”pg earsé+ T T o | P=0.906; RE0.98). However, Stu

2039 0 dent’s t-tests showed that the value of

40-59 5 5 E ZDV QRW VLIJQLAFDQWO\ C
for all groups (1.49 <t<2.50, p=0.13

60-79 4l 4 a 0.27). The relationships were consid

80-99 54| 54 ered isometric. The equations were:

100-119 |51 51 — Juveniles: Logy W = 2.99 Logg

120-139 52| 51 1 SL — 4.66 or W= 0.00002 x SE*°

140-159 | 54| 31 | 20 | 3 (n=137; R2=0.99; p < 0.001);

160-179 33| 2 13 | 10
180-199 27| 1 2 11

—Females: LoggW = 3.02 Logo SL —
4.70 or W= 0.00002 x SE%?(n = 304;

N O b~ 00O
N OTN

200-219 | 13 4 1| 2 R2=0.99; p <0.001);
220-239 17 3 2 — Males: Logo W = 3.00 Logo SL —
40.259 | 3 X 4.67 or W= 0.00002 x SE:%°(n = 289;
R2=0.98; p < 0.001);
260-279 | 4 ]2 L — Polled: LogoW = 3.02 Logo SL —
280-299 | 0 4.71 or W= 0.00002 x SB-92(n = 730;
300-319 | 1 1 R2=0.97; p < 0.001).
320-339 1 1 The Fulton’s condition factor (Kf)
340-359 0 was 1.09 (x 0.01 SE) for juveniles,
360-379 1 1 1.04 (¥ 0.01 SE) for females and 1.06
Total 357/ 236 | 35 | 29 | 26 | 15| 6 | 5 | 3 | 1 | 1 (+ 0.01 SE) for males. The Kruskal-
Percentage| 100{ 66.1| 9.8 | 81 | 73| 42 | 17| 14| 08| 03| 03| :DOOLV WHVW LQGLFDWHG O
Mean SL 106.7]159.0/ 179.9] 202.3] 204.7| 233.2| 254.6| 260.0| 262.0| 265.0]  Of the sex on the Fulton's condition
SE 18| 19|32 |50 59|101|19.1]374| NA | na | factor (KW=25.66, p< 0.001). The

Fulton’s condition factor of the juve
o ] niles was higher than those of males
Life history traits and females (p < 0.001).

The sex ratio (M:F) was 0.95:1 and was considered to The variability of the growth for this species is important
be balanced (x 0.38, p= 0.54), as it was among months.during its lifetime and especially at early and late stages. An
The length-weight relationships (Fig. 4) differed slightlyextreme variability for individuals less than 12 months was
between sexes when juveniles were considered (ANCOVAtghlighted (Fig. 5). Upon polling all individuals (n = 357;
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Figure 4. — Length-weight relationshipldémpala macrolepidota
from the Nam Theun 2 Reservoir in Lao PDR between Novemb

2015 and January 2017 according to sex.

358
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R2=0.71), the asymptotic length (L was 360mm (95%

IC: 294 to 500 mm), the hypothetical age at a standard length
equal to zero () was —23 months (95% IC: —29 to —-17
PRQWKYV DQG WKH JURZWK FRHIAFLH:
(95% IC: 0.007 to 0.019 month, indicating a relatively
slow growth. For the males €n129; R2= 0.79) the asymp
totic length (L) was 259 mm (95% IC: 216 to 456 mm), the
hypothetical age at a standard length equal to zgrwéts

—26 months (95% IC: —45 to —15 months), and the growth
coefficient (K) was 0.02 month (95% IC: 0.006 to 0.03
monthY). For the females, (a 161; R2= 0.81) the asymp
totic length (L) was 411 mm (95% IC: 319 to 801 mm), the
hypothetical age at a standard length equal to zgraéts

—21 months (95% IC: —30 to —15 months), and the growth
coefficient (K) was 0.02 month (95% IC: 0.004 to 0.02
monttr?). Globally, the lifespan is relatively short, and the
growth is relatively slow.

The size at first sexual maturity for the females was
212 mm for the SL (n = 161; model adjustment parameters:
50 S )LJ DQG DJH DW AUVW VH]I.
was estimated to be 3.3 years old (n = 161; model adjust
ment parameters: R2=0.79; p = 0.001; Fig. 7).

Fisheries
, Q ODQGLQJ PRQLWRULQJ GDWD
men exploitedH. macrolepidotawith sizes ranging between
100 and 540 mm in SL; however, catches were dominated by
individuals with an SL ranging from 160 to 240 mm (Fig. 8),
which represented 78%. Because individuals with a standard
length above 380 mm were not present in the otolith-sam
pling, they were considered to be individuals belonging to
age groups >"8 Fishermen exploited all age classes (Fig. 9)
but mainly individuals between thé @nd 3 groups (67%
of catches).
7KH HVYWLPDWHG WRWDO PRUWDOLW\
(£ SD) of 1.13 + 0.0§ear? (95% IGs: 1.00 to 1.25/ear?;
R=0.97) QDWXUDO PRUWDOLWedFRaIAFLHC
f& AVKLQJ PRUWDOLWye&rR&htAFLHQ
exploitation rate (E) = 0.87.
The inferred probabilities of capture were,g& 170.1,
Slso = 182.5, and S}5-182.9 mm. Thus, individuals had a
50% of chance to be caught at 182.5 mm.
The exploitation rate was E = 0.87. This rate is higher
than Bo=0.467, o= 0.312 and Fax = 0.559 obtained by
the relative yield and biomass per recruit. A population of
AVK VHHPHG WR FRQVWLWXWH W
R WRQQHV :LWK WKH VDPH-JHDUV
ing mortality from 1 to 0.5 would increase the yield to 112%
(177% for the biomass). However, for the current fishing
mortality (0.98) with 1 more cm in thesd, the yield would
be 108% (117% for the biomass).
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Figure 5. — Von Bertalanffy growth function adjusted to the age (month)-standard lebtgtmp&la macrolepidotérom the Nam Theun
2 Reservoir in Lao PDR between November 2015 and January 2017; at left, all polled and at right, by sex, grey dotted lines show the 95%
FRQAGHQW LQWHUYDO

Figure 6. — Percentage of matifempala macrolepidotéemales g re 7. _ Percentage of matittampala macrolepidotéemales

in 20 mm standard Iength intervals from the Nam Theun 2 Res ;
VRUT'TQ DR S 1" AWWHE W b 6 Y R LR R N A e e

DISCUSSION
deposit was established at the end of the WD season and dur

For Cyprinidae, the lapillus otoliths are sometimeschoLQJ WKH AUVW PRQWKVY Rl WKH = VHDV
VHQ IRU DJH HVWLPDWLRQ G Xttl,W Rsloiaye bhd @V &f Yhid sidcikel or R2Rit@dofek are very
2002); however, asteriscus otoliths can also be used (Hacarce in the literature. The only one found was conducted
vey et al, 2000; Ellendeet al, 2016; Emreet al, 2016). LQ 1RUWKHUQ %RUQHR DQG LW VSHFL.
In the present study ddampala macrolepidotathe aster not discernible on the scalestdf macrolepidotathus, they
iscus otolith was chosen because it is the largest and tUs®d length frequencies to estimate the growth (Watson and
least fragile. The use of transverse and stained sectionsBailon, 1985). Munret al.(1990) also used length frequen
this asteriscus allowed interpretations of the chromophilicies under FiSat Il to estimate the agélofmacrolepidota
translucent zones to accurately estimate the age ofac  Samueland Suryati (2016) also probably used the same
rolepidota The annual periodicity of the translucent zonenethod (information not available). The validation of incre
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Figure 8. — Percentage of catches-dur
ing 2016 according to size class of
Hampala macrolepidotérom the Nam
Theun 2 Reservoir in Lao PDR.

AXFWXDWLRQV LQ WKH ZDWHU OHYHO
of the available food, a reduction in feeding activity, gonad
maturation or spawning activity/behaviour (Yosefd Cas
selman, 1995; Jepse al. * o Panidl Kurt, 2009).
In southeastern China, Lat al.(2015) indicated an increase
in the gonadosomatic index between January and April for
a population oH. macrolepidotawith a peak in June and a
decrease in July. Furthermore, even if this species is known
to be able to reproduce over the year, a peak of spawning
was recorded at the beginning of the rainy season in several
different studies (Abidin, 1986; Setaeli al, 1987; Costa-
Perceand Soemarwoto, 1990; Zakaeaal, 2000; Liuet
al., 2015). In Lao PDR, the rainy season starts in June and
ends in October. The season change during the period of
April to July can then induce a reduction in the growth of
theH. macrolepidota_ao populations. A deposit of translu
cent zone in the otolith could also be associated with gonad
_ _ _ maturation (Massoet al, 2004). The individuals could
g;%ﬂ;)e(g'e;r;) gﬁgr?fggé ?T‘:;;toﬁre";is dg‘tgr'ggmztgéGNZ%:oTrgé”ugntg afocate energy to reproductive activity instead of somatic
Reservoir in Lao PDR. growth between March and July, before the WW season. The
fact that the formation of translucent zones may be linked
to reproduction could be reinforced by the absence of these

ment deposition m_the_ OtOI'.th of. macrolepldota‘or the zones in otoliths dfl. macrolepidotguveniles. Some studies
present study was in line with several studies performed %

VXE WURSLFDO FRXQWULHYVY RQ IUH #W%L%Q/RHA\/VKR%Y&\RQV L\?FGHLCFIP\A
sunlight and high temperature of surface water during the

e.g.,Oreochromis niloticusn Zimbabwe (Grammeet al, d d di h . 1d ind
2012; Chifambeet al, 2014),Cichla temensispp.in Ven ry season and preceding the rainy season could Induce
stress, which could initiate reproductive activity (Aronson,

ezuela (Jepseet al, 1999) orCyprinus carpioin India

(Dwivedi and Mayank, 2013). The annual periodicity found-957; Pickfordand Atz, 1957). In the case of NT2 Reservoir,
for H. macrolepidotamatched the global knowledge on"© data are available regarding annual variations of sunlight.
translucent zones (period of slow growth) in otolith. TranslUFor water surface of NT2, some data indicate values higher
cent zone is characterized by less calcium carbonate rich andVD (around 27-28°C) than during CD, between Novem
contain more concentrated proteins than opaque zone (Pher and February (around 22-23°C) (Descloux and Cottet,
A @tlal, 2002). The slower growth can be due to seasor2016; Martineet al, 2016).
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This study shows that it is possible to estimate the ageage in year with values obtained from other studies indicat
H. macrolepidotawith otolith interpretation when consider ed that the NT2 Reservoir population has a slower growth
ing one annual deposit of increment per year related to tfi€ = 0.24 and L. = 295 mm) than Indonesian populations
cycle of seasons in Lao PDR. (Munro et al, 1990; Samuel and Suryati, 2016). Mu®to
The validation of the age estimation in this study allowedl. IRXQG D KLJKHU JURZWK!FRHIA
elaboration of a length-age key, which could be a useful tomhd an asymptotic length of 354 mm for the population in
LQ AVKHULHY PDQDJHPHQW 7KH Ghel SagWing ReservolrHn JBva RavdvIaeard Suvykti
WKH GDWD RI ODQGLQJ OHQJIWK- A20Ka) @undiresRadtive veliiésof 0BOy@and ¥3ahmV H Q
tial information to be obtained about exploited population®r a population from the Kerinci Lake Sumatra Island. First,
DQG LGHQWLAFDWLRQ RI WKH SR Whe diffef2et/dovdNDé dRd tdrteHlitieren® roefhads/ e L R
The established length-age key farmacrolepidotanclud-  for estimating the age; however, it is impossible to verify
ed 10 age groups ranging frorhtd 9" years old. These age this hypothesis. Differences in growth between populations
groups experienced a high variability in lengths, indicatingan be due to environmental factors (e.g., water temperature,
a strong variability in growth. This observation could beQ XWULHQW KXPDQ SUHVVXUHV H J A
explained by the fact that numerous populations of tropicplasticity or diseases. The lower growth ratélofmacrolepi
AVKHVY DUH DEOH WR UHSURGXFH Dddt@in H®NI2 Rearv/pil0dduld ¥éidue to environmental
Bwanikaet al. * o Parig Kurt, 2009). Allong repro conditions, however recent physical and chemical data (e.qg.,
duction period over the year can generate different growpiH, nutrients, dissolved oxygen) of NT2 reservoir were not
rates due to seasonal changes of environmental conditi@vailable. Data were only available between 2008 and 2013
and due to a mixing of cohorts (Jiménez-Badillo, 2006]Chanudett al, 2016) which corresponded to unbalanced
Even if a peak in reproduction exists in June (unpubl. dagaitrophy and vulnerable stability preceding the current-stabi
NTPC),H. macrolepidotas able to reproduce all year (Abi lization phase. The low growth rate could be also due to food
din, 1984, 1986) inducing a growth variability. The preserdimitation in this oligotrophic reservoir (DescloaxdCot
length-age key could be useful for fishery managemetgt, 2016; Martineet al, 2016). In comparison, Marselina
because standard lengths below 240 mm represented 88%rud Burhanudin (2017) indicated that since 1999, the Sagul
the landings. LQJ 5HVHUYRLU KDV EHHQ FODVeYLAHG |
The isometric relationship between length and weiglal. (2015) showed that the Kerinci Lake is also eutrophic.
was previously mentioned for populationg-bfmacrolepi  The diet ofH. macrolepidotguveniles is composed mainly
dotafrom Indonesia by Setaét al.(1987) for the Jatiluhur of zooplankton Daphniasp. andMacrobrachiumsp. or laf
Reservoir in Java and by Samaeld Suryati (2016) for the vae of insects). After the juvenile stage and until 200 mm,
Kerinci Lake Sumatra Island. The values of Fulton’s cendthis species consumes shrimps and insects (Setadi
tion factor found in the present study were approximately 1987). Then, at a size of 200 mm, it is piscivorous (Setadi
leading to isometric parameters. Wootton (1999) suggestetial, 1987; Makmuret al, 2014).H. macrolepidotas a
WKDW AVK ZLWK KLJK YDOXHV R fR&@ChisumRrat thz Foy &t the Braphic Khdib (Kakinkut)
their length, whereas those with low values are light for theat al, 2014)2014. It is known that the trophic status of an
length. These values were lower than the values mentionedlFRV\VWHP LQAXHQFHV WKH AVK ELRO]
by Kamaruddiret al. (2012), which ranged from 2.17 to Reservoir is oligotrophic, this status could partially explain
2.35 for a population from the Tasik Kenyira Reservoir iftd. macrolepidotalow growth. Other factors that could
Malaysia in 2008-2009, or for those found by Zakatial. explain this growth have been discarded because there are
(2000), which ranged from 0.95 to 1.4 for the same pepulao data available to reinforce those hypotheses. It is possible
tion in 1997. ThugH. macrolepidotan the NT2 Reservoir is to conclude that this population grew more slowly than other
in less robust condition than the population from this Malayopulations in Indonesia.
sian reservoir. This difference could be due to a difference 7KH PHDQ DJH DW AUVW VH[XDO PDWX
in available food organisms between the two reservoirs. Theer, as is the growth, to identify changes in the life history
NT2 Reservoir is considered to be oligotrophic, whereas tiwits during the time period and for fishery management.
Tasik Kenyira is hypereutrophic (Shagpal, 2014). This study indicated that females were able to reproduce
The von Bertalanffy parameters calculated in this studt an SL of 212 mm, which corresponds to individuals that
for the growth indicated th&t. macrolepidotdnas a relative  are 3.3 years old. These results were very similar to those
ly slow growth and is not a long-lived species with a maxbf Liu et al. (2015) who mentioned that the females were
mum age of approximately 9 years old. This also indicatedature at 4 years old and at an SL of 228 mm. Some females
that the females presented an asymptotic length that wWa4%) was able to reproduce beginning at an SL of 120 mm,
longer than that of the males. A comparison of the asymwhich corresponds to other studies indicating reproductive
WRWLF OHQJWK DQG WKH JURZWK RRliyla# & [H®D 180 Mno\WwasrAbidit 108&6QAakaEH U L Q J
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et al. 7KH HVWLPDWLRQ RI WKHHBHRQWEHHA B KV ODWGWQV H/[XWDYAI\ 7KH DXW
maturity between 3 and 4 years old for themacrolepidota staff, especially the Environment Department, including Khampong

SRSXODWLRQV LV UHOHYDOW I1RU MK Hh SFRETITEER S, é“i%@%‘é‘%ﬁ%ﬁ#
LQGLFDWHY WKDW PRVW RI WKH A thdlabotdfoW inlt & £ PORKe s than ERELESIGR brld.
were immature (88% shorter than 240 mm). This could havean-Christophe Hustache of the UMR CARRTEL for their help in

undeniable consequences for the maintenance of the po pgﬁ IablorE}tory in Lao PDR, aqg&‘?;{:i”an;gié-gf@gC; :‘g‘gcﬁgr

WLRQ LQ WKH FRQWH[W RI KLIJK AV ﬁ@meggga\zwm vice in Ot)(;|llth reading from Dr. lga[l)blen
7KH SUHVHQW VWXG\ HHnabrdleBideQ Jmbrd FCRIGBEHEMHEIRANRS-UPVD).

tafrom the NT2 Reservoir indicated that the stock is overex

SORLWHG ,Q AVKHULHV H[SORLWHG PDLQO\ LQGLYLGXDOV ZLWK

a medium size (3/4 of landed individualstbf macrolepi REFERENCES

dotahad an SL between 120 and 220 mm), and only 25%

LQGLYLGXDOV ZHUH DERYH WKH vﬁéﬁfﬁﬁm& VAR dsdota ﬁ@fﬁf&@&? AR YR

LV FRQAUPHG E\ WKH PRGHOOLQJ \Ldiretetio b Fol NaG KR EKY, Kida¥adushplil, Malaysia.

SORLWDWLRQ ZLWK WRR VPDOO AV K Hhesisl Onikersity of QeJtagipkk H AVKHU\ 7KH FXU
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ing 182mm wit‘hout taking part of the stock renewal. Thi 08586, 1%+ 2 BWDWXV RI WAKH AVKI
ZDV FRQAUPHG IURP ODQGLQJ GbW te%%vb‘éwa!"aman%bo@ﬁl@@@rﬁ.ahi@ﬁdult Fish.

viduals did unlikely have time to reproduce before capture. Manage., 18: 375-385. https://doi.org/10.1111/
Consequently, the current population is overexploited, and 1-1365- 2109.1987.tb00326.x

the yield is under its maximal capability after only 5 years cfMBAK M.A. & JALAL K.C.A., 1998. — Habitat utilization by

HFRORJLFDO HTXLOLEULXP $Q RSWLPHEPAY AR
DQ LQFUHDVH LQ WKH PHVK VL]H WR%@@&%%ﬁW?}%@ r‘g;%@gg * e¢<
DQG WR GHFUHDVH WKH AVKLQJ-PRMMWAPSEHMWIbUR SMERRSR.C d?u@eﬂwgs%r\{r?év

tainability of the resource and a better yield with less effort.  treatment of animals in behavioural research and teaching.
Anim. Behav.71: 245-253.

ARONSON L.R., 1957. — Reproductive and parental behawiaur.
CONCLUSIONS The Physiology of Fishes (Brown M.E., ed.), pp. 271-304. New
York: New York Academic Press.

. . . . . BEAMISH R.J. & FOURNIER D.A., 1981. — A method for cem
This study of life-history traits dlampala macrolepido Ig‘arln the reC|S|on of a set of ‘138 determinatiGas.. J. Fish.

taLQ /DR 3'5 ZDV WKH AUVW WR XVH RJMk §é| 3YBIK 9822093, Breh&/doi ¥y b. P BN L 1R

in this country. The results indicated that the asteriscus of9eAMISH R.J. & MCFARLANE G.A., 1983. — The forgotten
lith can be used to estimate the age with accuracy, and thenUHTXLUHPHQW IRU DJH YDOIGBWhRQ LQ |

complete the list of tropical species for which otolitheme Fish. Soc.,112: 735-743. https://doi. 0f9/10 1577/1548-

WU\ FDQ EH XVHG ORUDOHV 1LQ 9@?%53 1/&?6735TFRFAV>270 P A

HVWLPDWLRQ RI JURZWK SDUDPHWE%:“ F@);\% htﬁ(gﬁv’@?h' D,
PDWXULW\ SURYLGHV HVVHQWLDO LgIR ,L,R Q;%KLJ
ery management for this native species. In the case of theSoc., 75 237-256. https://doi. org/10 1577/1548-

Nam Theun 2 Reservoir, the population is overexploited by 8659(1945)75[237: TLRFFC|2.0.CO;2
AVKHULHY 7KHVH HOHPHQWYV VKRO/X(@GSEZH SR%C&IUHG IZRQDQ)Q(@WI‘RHLB’HW
I

] T i isher
LPSURYHPHQW RI AVKHULHV PDQDJﬁpCcahenszalppe @)@t’{ %00 A (Wculu}spgre rgani

ies should compare the population life history traits of this ;e;lgen of the United Natlons

species in different Lao reservoirs to provide more detailg , g ¢ DIJHPHOW RI $VLDQ U
UHJDUGLQJ AVKLQJ DVSHFWYV DQG s&VM@E@&.e@anwﬁp@rE B9 R RoWe< ol smér
cies. Agriculture Organization of the United Nations.

BWANIKA G.N., MURIE D.J. & CHAPMAN L.J., 2007. — Com

parative age and growth of Nile tilagi@reochromis niloticus
Acknowledgments — The authors thank the Nam Theun 2 Power L.) in lakes Nabugabo and Wamala, Ugandgdrobiologia,

Company (NTPC — Lao PDR), whose shareholders are Electricité ) A

de France, Lao Holding State Enterprise and Electricity Generatin 589: 287-301. hitps://doi.0rg/10.1007/510750-007-0746-y
Public Company Limited of Thailand, which facilitated this studyCHANG N.Y.B., 1982. — A statistical method for evaluating the
DQG SHUIRUPHG WKH AHOGZRUN 7KH DXWpKdaum\bllmyKflﬁg@NetWrmmatlbmmoFlwmmaRﬁbL
ties, Village Fisheries Association and all villagers who participat  39: 1208-1210. https://doi.org/10.1139/f82-158

362 Cybium 2019, 43(4)



TESSIERET AL. Life history traits oHampala macrolepidota

CHANUDET V., FABRE V. & VAN DER KAAIJ T., 2012. —Appli EMRE Y., ALTIN A., AYYILDIZ H., DOLCU B., KUGUK F. &
cation of the three-dimensional hydrodynamic model to the OZEN O., 2016. — Age and growth@&poeta pestgiActinop-

Nam Theun 2 Reservoir (Lao PDRJ).Great Lakes Res38: terygii: Cypriniformes: Cyprinidae) in a small river entering

260-269. https://doi.org/10.1016/}.jglr.2012.01.008 lake Egirdir, TurkeyActa Ichthyol. Pisc46(2): 57-63. https:/
CHANUDET V., GUEDANT P., RODE W., GUERIN F., SERGA  do0i.org/10.3750/AIP2016.46.2.01

D., DESHUMKH C. & DESCLOUX S., 2015. — Evolutionof )(51%$1'2 & + +2/yl. - 2 7KH QDWXUH R

the physico-chemical water quality in the Nam Theun2 Reser PXQLWLHV D IDFWRU LQAXHQFLQJ WKH A\
YRLU DQG GRZQVWUHDP ULYHUV I-RU Witpicah ldkésand reddntivsy@rowidiogialor(S)RI2R120.
ment.Hydroécol. Appl.19: 27-61. https://doi.org/10.1051/ https://doi.org/10.1007/BF00011966

hydro/2015001 ] Y(51$1'2 & + +2/y1. - 2 )LVKInt.Q UHVH
CHANUDET V., GUEDANT P., RODE W., GODON A., GUERIN " Rev. Hydrobiol.,76: 149-167. https://doi.org/10.1002/
F., SERCAD., DESHMUKH C. & DESCLOUX S., 2016. —  iroh.19910760202

Evoluti f the physico-chemical wat lity in the N
TKHXQ SHVAUYRLU DOG GRZQVWUHE I Wy i alRUL ik ok W ¥ubcca loRB o<
after impoundmentHydroécol. Appl.19: 27-61. 10.1051/ guide. 154 p. Rome: FAO.

hydro/2015001 . P .
. GOMEZ-MARQUEZ J.L., 1998. — Age and growth@feochromis
CHIFAMBA P.C. & VIDELER J.J., 2014. — Growth rates of alien ™~ jiqticys (Perciformes: Cichlidae) in Mexic®&ev. Biol. Trop.,

Oreochromis niloticusind indigenou®reochromis mortimeri 46(4): 929-936.

in Lake Kariba, ZimbabweAfr. J. Aquat. Sci39(2): 167-176.
https://doi.org/10.2989/16085914.2014.903375 GRAMMER G.L., SLACK W.T., PETERSON M.S. & DUGO

; . M.A., 2012. — Nile tilapiaOreochromis niloticugLinnaeus
CHRISTIANUS A. & AMIN S., 2013. — Breeding and embryonic \ ; : ecicginm .
development oHampala macrolepidotévan Hasselt & Kuhl, 1758) establishment in temperate Mississippi, USA: multi-year

: VXUYLYDO FRQAUP AGaE NRMRSTHEI)IE-D IHV
1823).AJAVA,8(2): 341-347. https://doi.org/10.3923/ 346 http://dx.doi 0rg/1(?3391/ai 2%3’12 73008 03)
ajava.2013.341.347 . Jax.aot. . . 7.3

. GREATER MEKONG DAMS OBSERVATORY, 2017. — Dams in
COSTA-PERCE B.A. & SOEMARWOTO O., 1990. — Reservair ", Mekong Basin, Laos. https://wle-mekong.cgiar.org/wp-

Fisheries and Aquaculture Development for Resettlement in
: i content/uploads/Laos-Mekong-All-Dams-unlabelled-A4.pdf
Indonesia. 378 p. Philippines: ICLARM. Accessed 08/02/2019.

&277(7 0 9,66(5 7 2 )LVK FDWFK D*(Rs;h,ﬁV$KLQ.%537U§FWLFIjV$JH VWUXFWXUH DQG

in the Nam Theun 2 reservoir and watershed (Lao PDéKes P : . -
Reservoirs20: 1-15. https://doi.org/10.1111/Ire.12196 'étgu'[}f‘;;ﬁrg}gﬂﬁrggg?g?uorﬁ'g‘g(T)?'gg%s}c’m‘@Ob"dae) from

COTTET M., DESCLOUX S., GUEDANT P., CERDAN P. & 1\ pvEy 3 T LOUGHLIN T.R., PEREZ M.A. & OXMAN D.S.,

inle(())uUn?jgéJ )l\(l §m %ﬂéﬁ'{;ipfgspeorf’,gli?t}cﬁgg’g'gﬁyiﬁi?, é"cng' 2000. — Relationship between Fish Size and Otolith Length for
P . . ; ’ 63 Species of Fishes from the Eastern North Pacific Ocean.
Appl.,19: 321-355. https://doi.org/10.1051/hydro/2015004 38 p. Washington: NOAA

DE SILVA S.S. & AMARASINGHE U., 2009. — Status of Reser . . -
voir Fisheries in Five Asian Countries. 116 p. Bangkok:—NethOLD‘ 1992. — Dams and the Environment. Geneva: International

ZRUN RI $TXDFXOWXUH &HQWUHV LQ .%&EB‘QS;E%SRF?QE E;f‘ms- o

DESCLOUX S. & COTTET M., 2016. — 5 years of monitoring of ' - — Database Fresentation. hitp://www.Cold-CIgb.ne
zooplankton community dynamics in a newly impounded sub- bGeB;/;vct))lrlsdEBelgslster/database_presentatlon.asp. Accessed Octo
tropical reservoir in Southeast Asia (Nam Theun 2, Lao PDRR. ) . )
Hydroécol. Appl.,19: 197-217. https://doi.org/10.1051/ [UCN, 2018. -Hampala macrolepidotahttp://www.iucnredlist.
hydro/2015009 org/details/181255/0. Accessed 2018 June 20

DESCLOUX S., CHANUDET V., POILVE H. & GREGOIRE A., JEPSEN D.B., WINEMILLER K.O., TAPHORN D.C. & ROD
2011. — Co-assessment of biomass and soil organic carbon RIGUEZ-OLARTE D., 1999. — Age structure and growth of

stocks in a future reservoir area located in Southeast®Bisi. peacock cichlids rivers and reservoirs of Venezugldish
ron. Monit. Assess173: 723-741. https://doi.org/10.1007/  Biol., 55: 433-450. https://doi.org/10.1111/j.1095-8649.1999.
$10661-010-1418-3 tb00689.x

DESCLOUX S., GUEDANT P., PHOMMACHANH D. & LUTHI JIMENEZ-BAD_ILLO L., 2006. — Age-growth models for tilapia
R., 2016. — Main features of the Nam Theun 2 hydroelectric Oreochromis aureusSHUFLIRUPHV &LFKOLGDH RI
project (Lao PDR) and the associated environmental menitor reservoir, Mexico and reproductive behavidRev. Biol. Trop.,

ing programmesHydroécol. Appl.,19: 5-25. https://doi. 54(2): 577-588.
0rg/10.1051/hydro/2014005 KAMARUDDIN 1.S., MUSTAFA-KAMAL A.S., CHRISTIANUS
DUPONCHELLE F. & PANFILI J., 1998. — Variations in age and  A., DAUD S.K., AMIN S.M.N. & YU-ABIT L., 2012. -
size at maturity of female Nile tilapi®reochromis niloticus Length-weight relationship and condition factor of three domi
populations from man-made lakes of Cote d’'lvoEeviron. nant species from the lake Tasik Kenyir, Terengganu, Malaysia.
Biol. Fish., 52(4): 453-465. https://doi.org/10.1023/ J. Fish Aquat. Scif: 852-856. doi 10.3923/jfas.2011.852.856
A:1007453731509 LAE R., ECOUTIN J.M., MENDY A., RAFFRAY J., WEIGEL
DWIVEDIA.C. & MAYANK P., 2013. — Studies on the age, growth ~ J.Y., SADIO O. & DJOBE O., 2004. — Effects of a targeted
pattern and sex ratio @yprinus carpiovar.communisrom shrimp Penaeus notialjsexploitation on fish catches in the
the largest tributary of the Ganga river, IndlaKalash Sci., Gambia estuaryAquat. Living Resourl 7(1): 75-85. https://
Spec. Vol.: 21-27. doi.org/10.1051/alr:2004010

ELLENDER B.R., WEYL O.L.F. & WINKER H., 2016. — SuccessLIU M.D., DENG H.T., TIAN HW.,, YIN S.Y., HUANG F.J. &
Rl D ODUJH ULYHULQH F\SUILgbkedha P D CCBSRX2ANR.  AnOub ¢hardckéts of Hampala batbnipala
bus aeneum a southern African impoundmeiiish. Manage. macrolepidotd in Lancang riverActa Hydrobiol. Sin.36(4):
Ecol.,23(1): 44-54. https://doi.org/10.1111/fme.12154 779-782.

Cybium 2019, 43(4) 363



Life history traits oHampala macrolepidota TESSIERET AL.

LIU M.D., HUANG F.J., ZHU J.Z., LIU R.C. & LIU S.P., 2015. — MUTHMAINAH D., SUDBAGDJA S., MAKRI M., ATMINAR-

Reproductive biology oHampala macrolepidotaChin. J. 62 ' 0$.085 6 2 )LVKLQJ DFWLYLWL

Z00.,50(3): 405-414. doi http://en.cnki.com.cn/Article_en/ men income in Ranau Lake, south Sumatrdonesian Fish.

CJFDTotal-BIRD201503013.htm Res. J.21(1): 19-26. https://doi.org/10.15578/ifrj.21.1.2015.19-
LOWERRE-BARBIERI S.K., CHITTENDEN M.F. & BARBIERI

/5 2 7KH PXOWLSOH VSDZQLQJ R\NMLNHDEP@NTEAM N ARQADEG Hy&KWRIGHT P.J.,

Chesapeake Bay and middle Atlantic bightFish Biol. 48: 2002. — Manuel de Sclérochronologie des Poissons. 464 p.

1139-1163. https://doi.org/10.1111/j.1095-8649.1996. France: IFREMER-IRD coedition.

th01811.x PAULY D., 1980. — On the interrelationships_ between naturat mor
MAKMUR S., ARFIATI D., BINTORO G. & EKAWATI A.N., tality, growth parameters, and mean environmental temperature

2014. — Food habit of Hampaldgmpala macrolepidotaKuhl LQ AV K IUBE B. MENSci-39(2): 175-192. https://

& Van Hasselt 1823) and its position in food web, food pyra  401-0rg/10.1093/icesjms/39.2.175
mid and population equilibrum of ranau lake, IndonekiBiol. PAULY D., 1983. — Length-converted catch curves: a powerful tool
Environ. Sci.4(6): 167-177. for fisheries research in the tropics (part Rishbyte,1(2):

MARSELINA M. & BURHANUDIN M., 2017. — Trophic status 9-13.
assessment of Saguling Reservoir, upper Citarum Basin, IndoET J.S., GEVERS G.J.M., VAN DENSEN W.L.T. & VIJVER

nesia SAGE J.,10: 1-8. https://doi.org/10.1177/  BERGJ., 1996. — Management options for a more complete
1178622117746660 XWLOL]DWLRQ RI WKH ELRORJLFDO® AVK SU

c voirs. Ecol. Freshw. Fishb: 1-14. https://doi.org/10.1111/
MARTINET J., DESCLOUX S., GUEDANT P. & RIMET F., 2014. j.1600-0633.1996.th00032.x

— Phytoplankton community and trophic level assessment of . . .
newly impounded sub-tropical reservoir: case study of thFﬁ—lONVISAY S., 2013. — An Introduction to the Fisheries of Lao

Nam-Theun 2 Reservoil. Limnol.,73(3): 536-550. PDR. 56 p. Cambodia: Mekong River Commission.

< PICKFORD G.E. & ATZ J.W., 1957. — The Physiology of the Pitui
MARTINET J., GUEDANT P. & DESCLOUX S., 2016. — Phyto ; i :
plankton community and trophic status assessment of a newly té':t(;zieetland of Fishes. 613 p. New York: New York Zoological
impounded sub-tropical reservoir: case study of the Nam Theun Y-

2 Reservoir (Lao PDR, Southeast Asidydroécol. Appl.19: PILLING G.M., COTTER A.M. & METCALFE J.D., 2007. —
173-195. https://doi.org/10.1051/hydro/2015006 ICCAT Field Manual: Chapter 4 Data for Assessment and

MASSOU A.M., PANFILI J., LE BAIL P.Y., LAE R., MIKOLAS Research. 133 p. Lowestoft: CEFAS. _

dence of perturbations induced by reproduction on somatic €nvironment for statistical computing. Vienna: Foundation for
growth and microincrement deposition@meochromis niloti Statistical Computing. R Foundation for Statistical Computing.
cusotoliths.J. Fish Biol.,64; 380-398. RICKER E.W., 1975. — Computation and interpretation of bielogi

MATTSON N.S., BALAVONG V., NILSSON H., PHOUNSA FDO VWDWLVWLF VB&I FSN. ReS BaxTal LRQV

9$7+ 6  +$570%$11 : ' > @KDQJIHV LG EVK¥ULHYV

yield and catch composition at the Nam Ngum reservoir, LaBOVIE-RYAN J., DENNIS K., ESA Y., RAHIM K., IBRAHIM Z.,
PDR.In: Reservoir Fisheries: Broad Strategies for Enhancing AHMAD Z. & MARILYN-JAOI E., 2008. — Notes otHampa

; : B . ) la (Cyprininae) distribution from six localities in Sabah.
Zle%lg;g(;z_e Silva S.S., ed.), pp. 48-55. Lao PDR: ACIAR-Pro Wildl Parks.25: 29.32.

5 : ~SAMUEL S. & SURYATI N.K., 2016. — Parameters of the popula
MESNIL B., 2002. — Structures démographiques dans les mode@é . ;
d'évaluation de stocks$n: Manuel de Sclérochronologie des tion of Hampala barbHampala macrolepidot&ull & van

3RLVVRQV 3DQAOL - 'H 3BRQWXDO + ISROEAEN e lakaferielaphilPB,20(4): 191-
eds), pp. 180-198. France: IFREMER-IRD coedition. '

AMUEL S. AT| N:K; & ADIANSYAH V., 2015. — Limnol
025$/(6 1,1 %  3%1),/, - 2 9DOLGDV§'—’%§F§§%R¥§Q\E§L%@LRQ DQG HVWLPDWLRQ R
WLRQ PHWKR G W: Mahtiallofsb BeleRcronolo

5 > Kerinci lake | i, Sumat nes, Fish. Res. 21(1): 9-18.
J173POAOL - SROWXDO + ' TURDGHF fioufi Sl sosraits VA0 E 600
M. & Moksness E., eds), pp. 138-142. Brest: IR e TADI K.E., RABEGNATAR W.S. & HARDJAMULIA A.,

coedition. - 2 6RPH ELRORJLFDO DVSHFWVY RI WK|
MORALES-NIN B. & PANFILI J., 2005. — Seasonality in the deep  cies in the Jatiluhur reservoin: Reservoir Fishery Manage

sea and tropics revisited: what can otoliths tellMa® Freshw. ment and Development in Asia (De Silva S.S., ed.), p. 98-104.

Res.56: 585-598. https://doi.org/10.1071/MF04150 IDRC.

MOREAU J. & DE SILVAS.S., 1991. — Predictive Fish Yield Mod SHARIP Z., ZAKI A.T.A., SHAPAI M.A.H.M., SURATMAN S. &
els for Lakes and Reservoirs of the Philippines, Sri Lanka and SHAABAN A.J., 2014. — Lakes of Malaysia: water quality,
Thailand. FAO Fisheries technical papers. 42 p. Rome: Food eutrophication and managemehékes Reservoirg,9: 130-
and Agriculture Organization of the United Nations. 141. https://doi.org/10.1111/Ire.12059

MOTTET E. & LASSERRE F., 2014. — Géopolitique des aménag&PARRE P., 1998. — Introduction to Tropical Fish Stock Assess
PHQWY K\GURpPOPFWULTXHV GHV DIAX @ RarGIX MaupudIRFAQ RisQeres3edimiRal papers. 407 p.
développement et intégration régiondlan. J. Dev. Stud35: Rome: Food and Agriculture Organization of the United
4522-538. https://doi.org/10.1080/02255189.2014.966807 Nations.

MUNRO J.L., ISKANDAR & COSTA-PIERCE B.A., 1990. — SUGUNAN V.V,, 1995. — Reservoir Fisheries in India. FAO Fish
Fisheries of the Saguling Reservoir and a preliminary appraisal €rires technical papers. 423 p. Rome: Food and Agriculture
of management optionk: Reservoir Fisheries and Aquaeul ~ Organization of the United Nations.
ture Development for Resettlement in Indonesia (Costa-Pert&SCH F.W., 1971. — Age and growth: Fish Production in Fresh
B.A. & Soemarwoto O., eds), pp. 285-315. Jakarta: ICLARM.  Waters (Ricker E.W., ed.), pp. 98-130. Oxford: Blackwell.

364 Cybium 2019, 43(4)



TESSIERET AL. Life history traits oHampala macrolepidota

THAPANAND T., MOREAU J., JUTAGATE T., WONGRAT P., WOOTTON R.J., 1999. — Ecology of Teleost Fishes. 403 p- Lon
LEKCHONLAYUT T., MEKSUMPUN C., JANEKITKARN don: Springer Netherlands.
S., RODLOI'A., DULYAPRUK V. & WONGRAT L., 2007. — yOSEF T.G. & CASSELMAN J.M., 1995. — A procedure for
Towards possible fishery management strategies in @ newly jncreasing the precision of otolith age determination of tropical
impounded man-made lake in Thailartol. Modell.,204: fish by differentiating biannual recruitemenn: Recent
143-155. https://doi.org/10.1016/j.ecolmodel.2006.12.041 Delevopments in Fish Otolith Research (Secor D., Dean J.M. &
THOMPSON W.F. & BELL F.H., 1934. — Biological statistics of = Campana S.E., ed.), pp. 247-269. USA: University of South
WKH 3DFLAF KDOLEXW AVKHU\ (IHFWCRbliFakPDe@IJHYV LQ LQWHQVLW\ XSRQ
total yield and yield per unit of gear. Report of the InternationgtAK ARIA M.Z., JALAL K.C.A. & AMBAK M.A., 2000. — Length
Fisheries Commission no 8s. 49 p. Seattle: International Fish ~\yeight relationship and relative condition factor of Sebarau,

eries Commission. Hampala macrolepidotévan Hasselt) in Kenyir Lake, Malay
WATSON D.J. & BALON E.K., 1985. — Determination of age and  sia.Pak. J. Biol. Sci.3(5): 721-724. https://doi.org/10.3923/
growth in stream fishes of northern Born&mviron. Biol. pjbs.2000.721.724

Fish., 13(1): 59-70. https://doi.org/10.1007/BF00004856

Cybium 2019, 43(4) 365






