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ABSTRACT

The importance of terrestrial insects as food items for freshwater fish was studied by examining stomach contents
of Devario regina (Fowler 1934) and its population parameters at canopied areas of selected tributaries of Sungai
Kerian, in the northern state of Peninsular Malaysia. Ninety six percent (121 out of 126) of the fish stomachs examined
contained food materials in the stomachs and the values of percentage of occurrence (%F), percentage numerical (%N)
and percentage points (%P) indicated that collected fish ate similar food items in all rivers. Among the food categories,
scavenging terrestrial ants (Formicidae) were the most dominant food item, hence the main diet for this species. The
Index of Relative Importance (IRI) scores of food items indicated that ants were higher than other food items. This
surface water feeder experienced a positive allometric growth (W = aL’) with a b (rate of growth) value of 3.256. Its
asymptotic length, growth constant and growth performance index represented this species with a short life-span (Lo =
10.90 cm, K = 1.20 year', ¢’ = 2.15,t = 3 year, respectively) and had higher natural mortality (M = 2 40 year”) than
fishing mortality (F = 0.35 year') while the fish stock was underexploited (E = 0.13). The finding of this study indicated
the importance of terrestrial ants as a food source that support excellent growth of D. regina and the need to conserve
riparian trees along river banks to provide allocthonous materials and habitats for the ants.
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ABSTRAK

Kepentingan serangga darat sebagai bahan makanan bagi ikan air tawar telah dikaji dengan menentukan kandungan
perut ikan Devario regina (Fowler 1934) dan parameter populasi di kawasan berkanopi di anak-anak sungai terpilih
Sungai Kerian, di utara Semenanjung Malaysia. Sembilan puluh enam peratus (121 daripada 126) jumlah perut ikan
yang dikaji mengandungi bahan makanan di dalam perut dan nilai peratus kekerapan (%F ), peratus bilangan (%N) dan
peratus markah (%P) menandakan bahawa ikan tersebut makan makanan yang sama di semua sungai yang terpilih.
Dalam kategori makanan, pengumpul makanan semut darat (Formicidae) adalah bahan makanan yang dominan, justeru
merupakan diet utama bagi spesies ini. Tumbuh-tumbuhan menyumbang 6.49 kepada 10.92% IRI untuk menjelaskan
bahawa D. regina dikategorikan sebagai ikan omnivor. Ikan yang makan di permukaan air ini mengalami pertumbuhan
alometrik positif (W = al?) dengan nilai b (kadar pertumbuhan) iaitu 3.256. Panjang infiniti, pertumbuhan malar dan
indeks prestasi pertumbuhan ikan ini menandakan ia mempunyai jangka hayat yang pendek (Lee = 10.90 cm, K = 1.20
tahun, ¢’ = 2.15,t = 3 tahun) dan kadar kematian semula jadi yang tinggi (M = 2 40 tahun™) berbanding kematian
tangkapan (F = 0.35 tahun) manakala stok ikan ini masih belum dieksploitasi (E = 0.13). Penemuan kajian ini
menunjukkan kepentingan semut di darat sebagai sumber makanan yang membantu pertumbuhan cemerlang D. regina
dan keperluan untuk memelihara pokok-pokok riparian sepanjang tebing-tebing sungai untuk membekalkan bahan-bahan
alloktonus dan tempat tinggal bagi semut.

Kata kunci: Devario regina,; kandungan perut; parameter pertumbuhan; Sungai Kerian

INTRODUCTION was found in high abundance in Gunung Jerai (Shah et

Devario regina is a beautiful and popular ornamental
fish species which commonly found in upland streams
and in riverine ecosystems with sandy, gravel and cobble
substrates (Rainboth 1996). The fish, recognized by several
alternating dark and light stripe along the side (Fang &
Kullander 2009) usually moves in group (McClure et al.
2006; Rainboth 1996). In Peninsular Malaysia, D. regina

al. 2009) and Hulu Perak (Zakaria-Ismail & Lim 1995).
However the diet of this fish species has never been
investigated. In other countries such as India and Thailand,
the food habit of this fish species and other Devario fish,
had been thoroughly studied (McClure et al. 2006). Feeding
habit and food preference of ornamental fish is important
for maintenance of the species in captivity as well as in
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its natural habitat or for conservation of the species in
specific areas.

Biological performance of fish species has been
commonly investigated using the length-weight relationship
(LWR) (Abdurahiman et al. 2004; Ayoade & Ikulala 2007;
Frota et al. 2004; Golam & Tawfeequa 2006; Jamabo
et al. 2009; Odat 2003; Offem et al. 2009; Samat et al.
2008; Thomas et al. 2003). The information generated is
important for evaluation of the general health parameters
of fish species (fatness, breeding and feeding states) and
their suitability to the environment (Farzana & Saira 2008;
Gonzalez-Géndara et al. 2003; Schneider et al. 2000) as
well as providing clues to the environmental changes and
management of the stock (Efitre et al. 2009; Samat et al.
2008). For instance, Abowei (2009) analyzes the LWR of a
commercial flat fish, Cynoglossus senegalensis in Nigeria
and he finds that the b value from the growth equation
(W=a L) indicates the rate of weight gain (Frota et al.
2004) closely follows the growth in length of the fish.

High availability of food resources is one of the main
factors that determine the suitability of riverine habitats
for fish growth which is reflected by the value of Relative
Condition Factor (Kn). Higher Kn value reflects better
habitat suitability for the optimum fish growth in relation
to food availability and other requirements (Samat et al.
2008). However, the Kn value decreases during gonadal
maturation and reproductive period (K less than one)
because the fish loses its weight after spawning (Froese
2006).

In addition to food resources, Sachidanandamurthy
and Yajurvedi (2008) have shown that deterioration in
water quality directly or indirectly affects fish physiology
and growth. High water pH causes alkalosis, damaging

skin, browning of gills areas and increasing mucus
production. High ammonia increases the toxicity of water,
causing ammonia poisoning to the fish, with symptoms
such as red streaking on the body and gills may appear
pale in colour. These types of diseases reduce or inhibit
fish growth, affecting the value of growth coefficient ().
Apart from fish distribution, very little is known about the
ecology and exploitation levels of fishes in Sungai Kerian
basin. Availability of food sources, food preferences as
well as fish population parameters’ estimation, including
length-weight relationship, growth and mortality generated
from the length-frequency data are ways to estimate well-
being of fish species in their environment (Kolaneci et al.
2010). Therefore in this study, analysis of stomach content
and population parameters of D. regina were studied to
determine the suitability and wellness of Sungai Kerian
tributaries as habitat for the fish.

MATERIALS AND METHODS

Sungai Kerian Basin (5°9’ - 5°21° N and 100°36.5° -
100°46.8° E) is located in the northern part of Peninsular
Malaysia and has a population of about 190,000 in a
catchments area of 1418 km? (Yap 1990). Sungai Kerian
Basin is a formation of Sungai Kerian together with a
number of tributaries that supply water to thousands of
people downstream (Che Salmah et al. 2004). Sungai
Kerian originates from the hilly headwaters in Sungai
Mahang, Kedah while the Sungai Selama begins from hilly
areas in Selama, Perak (Che Salmah et al. 2001). Sungai
Mahang and Sungai Selama meet to form Sungai Kerian at
the middle of the basin which eventually flows westward
to the Strait of Malacca (Figure 1).
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FIGURE 1. Location of sampling sites (e) along Sungai Kerian Basin in the northern of Peninsular Malaysia



DETERMINATION OF RIVER PHYSICO-CHEMICALPARAMETERS

In this study, the following parameters were measured to
describe the condition of Sungai Kerian tributaries. In situ
physico-chemical readings were taken at each sampling
site. Dissolved Oxygen (DO) content and temperature (°C)
were estimated using YSI meter (Model 55), conductivity
(uS/cm), total dissolved solids (TDS) (mg/L) and salinity
(ppt) were measured using Hach meter (Model CO150),
pH was measured using Hach Sension 1 meter, velocity
and depth of a river were estimated using velocity meter
and width of a river was measured using a measuring tape.
A Kruskal-Wallis Test was carried out to determine the
differences for every parameter among the rivers.

The specimens of D. regina (Danio) were collected
in selected Sungai Kerian tributaries from May 2008 to
June 2009 using a cast net, an eloctrofishing and a scoop
net. A total of 127 D. regina were collected during the
study. D. regina was found in Sungai Mahang, upstream
of Sungai Selama, Sungai Kangar and Sungai Serdang
(Figure 1). However, only one specimen of D. regina was
collected in Sungai Serdang which was excluded from this
analysis. Details for each collecting site are given in Table
1. All specimens were transported to the laboratory in a
Coolman® ice chest. The fish were identified to the lowest
taxon possible using standard taxonomic keys of Ambak et
al. (2010), Kottelat et al. (1993), Mohsin and Ambak (1983)
and Rainboth (1996) and preserved in 10% formalin. The
weight (in gram) of each specimen was measured using
an electronic scale (Electronic Balance Model 6002). The
total length was measured from the tip of the head to the
tip of the caudal fin rays while standard length started from
anterior mouthpart to the end of caudal peduncle.

STOMACH CONTENT PREPARATION

A total of 126 D. regina were used in the stomach content
analysis by using methods as suggested by Hanjavanit
and Sangpradub (2009) and Yamagishi et al. (2005). The
stomach from each fish was dissected, weighed (g) together
with its content and preserved in 5% formalin. The stomach

835

contents were poured into a Petri dish before all preys were
identified under the stereoscopic microscope. Insect preys
were identified using Merritt and Cummins (1996), Merritt
et al. (2008) and Yule and Yong (2004).

STOMACH CONTENT ANALYSIS

The diet of D. regina was described by recording their
occurrence, numerical scores of each prey category and
ranking the prey based on the combination of numerical,
occurrence and abundance. The preys were recorded as
percentage of the total quantity found in the stomach as
suggested by Assis (1996).

FREQUENCY OF OCCURRENCE METHOD

Frequency of occurrence records the number of fish in
which each food item occurs and expressed as a percentage
of the total number of fish examined (Hynes 1950; Yap
1988). This method requires minimum equipment and very
fast but it gives little indication of the relative amount of
each food category present in the stomach (Adeyemi et al.
2009; Hyslop 1980). This method is calculated as:

Frequency of occurrence: [%] F,= M,/ M x 100,

where M, is the number of stomachs containing prey
component i; and M. § is the number of all food occurrence.

NUMERICAL METHOD

The number of individuals in each food category was
recorded for all stomachs dissected and the total is
expressed as a percentage of the total individuals in all
food categories (Hynes 1950; Hyslop 1980). This method
was fast and simple to operate but it overemphasizes the
important of small prey items taken in large numbers
(Hynes 1950; Hyslop 1980). The food items were not
identified to the species level because most of them were
crushed and almost completely digested. This method is
calculated as:

TABLE 1. Descriptions of sampling sites from which Devario regina were collected

Name of site Approximate sampling

location

Description of site

5°20°43.70"N
100°46°17.70”E

Sungai Mahang

5°20°17.17° N
100°46°28.30”E

Sungai Kangar

5°15°34.60"N
100°50°42.10”E

Sungai Selama

A small hillstream river with steep river banks. It has relatively fast flowing
water, partially shaded by fruit trees and bamboo (Bambusa sp.), sand mining
areas and fruit orchards (Durio zibethinus, Nephelium lappaceum) on both
river banks. The main substrates for this river are sand and gravel

A small hillstream river with low gradient river banks. Its shallow, fast flowing
water is partially shaded by the riparian vegetation. The main substrate for
this river is sand

A moderate size hillstream river with low gradient river banks. It is located in
hilly areas with fruit orchards nearby. This river is relatively fast flowing with
the main substrates are boulder and cobble. This river is partially shaded by
riparian vegetations such as Koompassia malaccensis, Aglaonema nitidum,
Chassalia chartacea and Bambusa sp.
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Numerical percentage of prey i: [%] N=N,/ Ny x 100,

where N, is the number of prey specimen of prey group i;
and N, is the total number of prey detected.

POINT METHOD

A method in which the food items in each fish stomach
were listed as common, frequent and rare based on the
rough counts and visual judgement by eye. Each food
item was allotted 1, 2, 4, 8 or 16 based on the size of
the organisms as well as of their abundance (one large
organism counted as much as a large number of small ones)
(Hynes 1950). All points gained were summed to give
percentage composition of the food of all fish examined
(Hynes 1950; Lima-Junior & Goitein 2001; Swynnerton
& Worthington 1940).

INDEX OF RELATIVE IMPORTANCE (IRI)

This method was the combination of three methods
mentioned earlier to represent the most important diet in
the stomach of D. regina. This method was calculated as IRI
= (%N + %P) x %F where %N is a numerical percentage;
%P 1is a percentage of points; and %F is a percentage of
occurrence (George et al. 2009; Hyslop 1980).

LENGTH-WEIGHT RELATIONSHIP (LWR)

The length-weight relationship (LWR) was estimated using
the following formula W =a L*(Le Cren 1951; Pauly 1983)
where W is the weight of fish (g); L is the total length of
fish (cm); a is constant and b is slope of regression line.
The values of a and b were estimated through a logarithmic
transformation; log W = log a + blog TL, the least square
linear regression (Froese 2006). Value of b is an index of
growth type of fish (isometric or allometric) and useful
for fish classification (Smith 1996), indicating isometric
growth when the fish has an equal increment of both
length and weight parameters (b = 3), the light group or
negative allometric growth (b < 3), heavy group or positive
allometric growth with b > 3 (Ayoade & Ikulala 2007
Jamabo et al. 2009; Laghari et al. 2009; Odat 2003; Offem
et al. 2009; Samat et al. 2008; Smith 1996; Thomas et al.
2003). The length-weight relationship was subjected to
regression analysis.

RELATIVE CONDITION FACTOR (Kn)

The formula for relative condition factor is Kn=W/W’ (Le
Cren 1951) where W is the observed weight of individual
fish (g); and W’ is the expected weight of fish (g), which
can be determined using the following formula W’ = al.*
(Le Cren 1951). The values of Kn are used to compare the
well-being, healthiness of fish between species, between
rivers or different sampling sites in the Sungai Kerian
Basin. The result of Kn values for this species was analyzed
using Kruskal-Wallis test at p = 0.05 for non-normally
distributed data.

LENGTH-FREQUENCY DATA

Analysis of length-frequency data was carried out using
FISAT II software (Gayanilo et al. 2005) to estimate growth
and mortality parameters. ELEFAN | (incorporated in
FISAT) was used to sequentially arrange and restructure
the monthly length-frequency data set (Uneke et al. 2010)
to obtain asymptotic length (L) and curvature parameter
(K) (Kleiber & Pauly 1991). The growth in length was
described by the von Bertalanffy Growth Formula (VBGF)
using the formula L = Leo x (1 — ") where L is the
mean total length (in cm) of the fish at age t; Loo is the
mean asymptotic length (cm); K is a growth constant
(year"); tis the age of the fish; and t_ is the age of the fish
at zero length (Vakily & Cham 2003). Rn is a goodness
of fit index that select the best combination of Lo and K
in the length-frequency data set. The highest value of Rn
indicates the best combination of Loc and K (Abowei et al.
2009). A growth performance index, ¢’ was calculated as
¢’ =log K + 2log, Lo where the parameters K and Loo
are the parameters from the VBGF. A potential longevity,
t_was calculated to estimate fish life-span with formula
oft =3/K.

Length-converted catch curve was used to convert
length-frequency data into age-frequency data (Pauly et al.
1995). Total mortality (Z) was estimated from the length-
converted catch curve with assumption that the collected
length-frequency data represent a steady-state population
(Vakily & Cham 2003).Z was estimated by means of linear
regression of the form In (N./ At) = a + bt, where N, is the
number of fish in length class 7, At = (1 /K In [(Lee - L))
/ (Lee - L,)]) is time needed for the fish to grow through
length class 7, t = (1 / K) In[1 — (L / Le0)] is relative age
corresponding to the class mid-point of length class 7 and
b with sign changed gives Z without seasonality. Natural
mortality (M) was estimated using Pauly’s M equation;

Log M = -0.0066 — 0.279 log Lo + 0.6543 log K
+ 0.4634 log T; where T is the mean annual surface
water temperature in the river. The estimation of fishing
mortality (F) was calculated by subtracting M from Z.
The exploitation rate (E) was computed using Gulland’s
expression (Gulland 1971)as E=F/Z.

RESULTS

The water parameter varied very little among rivers as
shown in Table 2. Dissolved oxygen content ranged
from 7.71 mg/L in Sungai Kangar to 8.34 mg/L in
Sungai Selama while for water pH fluctuated from 5.95
Sungai Kangar to 6.22 in Sungai Mahang. The water
temperature varied from 23.6°C in Sungai Kangar to
21.82°C in Sungai Mahang. The highest conductivity was
recorded in Sungai Selama (19.6 uS/cm) and lowest in
Sungai Mahang (16.51 uS/cm). The TDS content ranged
between 8-9.11 mg/L. Water velocity ranged from 0.42
m/s (Sungai Selama) to 0.69 m/s (Sungai Mahang). Based
on observation, Sungai Selama was wider and deeper
compared to other rivers (P<0.05).
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TABLE 2. The mean in situ reading (mean + s.e.) with their range (minimum-maximum)
by sampling sites during the study period

Sampling site Sungai Mahang Sungai Kangar Sungai Selama
DO (mg/L)™ 828 £0.17 7.71+0.14 8.34£0.85
Range (min-max) 6.99 -9.79 6.75-843 6.56-94
pH™ 622+0.71 595+0.27 6.05+0.51
Range (min-max) 479-745 496-7.6 506-84
Conductivity (uS/cm)™ 16.51+£0.79 18.6 £0.17 19.6 £ 0.63
Range (min-max) 11-194 172-194 18-21.3
Temperature (°C)™ 21.82+0.33 23.6 +£0.57 224 +0.57
Range (min-max) 19.6 -23.3 20.6 -25.7 21-248
TDS (mg/L)™ 8+£0.58 8.63 £0.00 9.11 £0.58
Range (min-max) 7-9 8-9 8-10
Velocity (m/s)™ 0.69 +0.14 049 +0.08 042 +0.08
Range (min-max) 044 -0.86 0.39-0.85 036-0.57
Depth (cm)* 46.13 +11.09 175+733 62 +26.75
Range (min-max) 20 - 60 10-35 37-80
Width (m)* 491+1.10 3.64 +0.65 8.87+0.75
Range (min-max) 4.14-6.14 122-45 65-122

ns = not significant
* = significant (p<0.05)

Out of 126 stomachs examined, 121 (96.03%)
had food in them while the remaining five were empty
(3.97%). Formicidae was the most frequently occurring
food category in all rivers, with 90% occurrence was in
Sungai Mahang, 82.69% (Selama) and 100% (Kangar).
Unidentified insects consisted of insects appendages
formed the second most occurring food category, ranging
from 55.56% (Kangar) to 66.67% (Mahang). The least
occurring food categories were fish scales (1.67%) and
Isoptera (1.92%) in Sungai Mahang and Sungai Selama,
respectively.

The values of condition factor (Kn) of D. regina
implied that this fish enjoyed the same kinds of food items
in all rivers (p>0.05). Terrestrial Formicidae (ants) was the
highest percentage of food composition in all rivers. Fish
scales were present in Sungai Mahang while Isoptera was
found only in Sungai Selama. The percentage of numerical
ranged from 0.29% (Isoptera) to 64% (Formicidae) whereas
for the percentage of points, the values varied from 0.16%
(fish scales) to 74.03% (Formicidae) (Table 3).

Of the nine food categories, Formicidae was the most
dominant food item in the stomach of D. regina especially
in Sungai Kangar. Its dominance was above 50% based on
the TIRT hence the main diet for this species. The other food
categories were only food supplements, as their importance
ranged from 0.01% (Isoptera and fish scales) to 20.12%
(unidentified insects). Ants are favourable diet for this
species and its high abundance contributed to good growth
performances of the fish with Kn values of above unity in
all rivers (Table 3). Coleoptera was a relatively important
diet of D. regina because its %F as well as IRT were
fairly high in both Sungai Mahang and Sungai Selama.

Unfortunately, large components of other insects in the diet
were beyond recognition due to incompleteness of their
structures in the fish’s stomach during the examination. A
rather significant proportion of plant materials were eaten
by D. regina which suggested the omnivorous feeding
habit of this fish.

Living on the above diet, the fish growth performance
showed that there was a significant relationship between
the total length and weight of D. regina in Sungai Kerian
Basin (p<0.01) (Table 4). The values of the slope (),
categorized D. regina (b = 3.26) into heavy group or
positively allometric growth. Estimated growth and
mortality parameters of D. regina is summarized in Table
5. D. regina had a fast growth rate (K = 1.20 year') and
short life-span (t =3 years) with its asymptotic length
(Lee) was 10.90 cm (Figure 2). Mortality estimation in
the length-converted catch curve (Figure 3) indicated that
this species suffered higher natural mortality than fishing
mortality (M > F) because its exploitation rate was below
the optimal exploitation of the stock (E =0.13).

DiscussioN

Except for Sungai Kangar which was slightly shallower and
smaller than other rivers, all water parameters varied within
small ranges suggesting the environmental condition for
both fish and its preys were almost similar in all rivers.
In this study, Formicidae was the main food items in the
stomachs of D. regina and it was the most important diet in
Sungai Mahang, Sungai Selama and Sungai Kangar. Other
aquatic and terrestrial insects were also dominant in the
stomachs of D. regina, indicating that this fish was mainly
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FIGURE 2. Growth curve using FiSAT II for D. regina in Sungai Kerian Basin, Perak. Lines superimposed on the restructured
length-frequency histograms link successive peaks of growing cohorts as extrapolated by the model
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FIGURE 3. Length-converted catch curve. Dark circles represent
the points used in calculating total mortality (Z) through
least squares regression lines

insectivorous. According to McClure et al. (2006), insects
were the primary food sources for danion fishes while
crustaceans, fish scales, algae and detritus are important
supplements. In this study, most insect parts found in the
stomach of D. regina belonged to ants, wasps from order
Hymenoptera, beetles (Coleoptera), bugs (Hemiptera),
termite (Isoptera) and small parts from aquatic insects
probably larval stages of Ephemeroptera, Trichoptera
or Plecoptera. Insect parts such as legs, wings and body
that were partly digested were described as unidentified
insects while seeds and leaf litter were included in plant
materials. Although insectivorous, D. regina also ate on
plant material which classified it as an omnivorous fish.
This fish could also behave as an opportunistic feeder
which consumes any available food. In either case, plant
material was partly important in sustaining good growth
performance of this species of fish in all rivers.
Formicidae (ants) made up over half of the stomach
content, making this food item as the main diet while
other insects (terrestrial and aquatic) and plant materials
were supplement for this species. Ants are known as the
most abundant food items and they contributed 60% of

the total drift in the rivers (Bojsen 2005; Saul 1975).
The importance of ants as the main food item has been
documented for Knodus gamma and Prionobrama filigera
when they consume large proportion of ants in forested
areas (Bojsen 2005). Tilzey (1976) reported that beetles
and ants contribute more than 63% of the diet of galaxiids
(Family Galaxidae) in New South Wales. Usually plant
materials are digested at a slower rate in the absence
of cellulase or a method in breaking up the plant tissue
(Blaber 1974). Thus, they are passed out in a partially
undigested form.

Terrestrial and aquatic insects support a large biomass
and provide high amount of nutrition to the fish (McDowall
et al. 1996). Terrestrial insects such as beetles, ants,
wasps and bugs that fall in the water become prey for
stream fish (Mérona & Rankin-de-Mérona 2004). Bojsen
(2005) expected that riparian vegetation increases the
abundance of terrestrial macroinvertebrates falling into
the streams. Terrestrial insects that attract to fruits of
riparian vegetation have a high tendency to fall into the
stream contributing to the allocthonous inputs of organic
matter (Parson 1991). There is a relationship between the
composition of terrestrial macroinvertebrates and riparian
canopy cover (Cloe & Garman 1996, Kawaguchi &
Nakono 2001). Aquatic macroinvertebrates were found to
be less important food source because they usually inhabit
streambed sediments (Jacobsen et al. 2008) while D. regina
is a surface feeder with upward directed mouth. Thus, this
species feed mainly at the water surface. The presence
of plant materials including seeds in the stomach of D.
regina suggested that this species could be a significant
seed dispersal agents for riparian vegetations along river
banks such as rambutan (Nephelium lappaceum), durian
(Durio zibethinus) and few flowering plants. Goulding
(1980) also considered fish as a plant dispersal agent.

Based on the %F, %N and %P of the food items in the
stomach of D. Regina, all rivers in Sungai Kerian basin
provided similar food requirements for this species. The
presence of riparian vegetations such as rambutan, durian,
bamboo trees and few dipterocarps along Mahang, Kangar
and Sungai Selama provided additional food sources for



this species. The plants blocked parts of sunlight and
prevents high growth of primary producers, thus most
fish species in these rivers used food from allochthonous
origin to maintain their food webs. A similar situation was
observed in Amazonian streams where fish species depends
very much on allocthtonous matter as food sources (Lowe-
McConnell 1987). In Thailand, D. regina is commonly
found in a river with 70% canopy cover, fast flowing
water and with sandy and hardy substrates (McClure et
al. 2006). Water surface of fast flowing Sungai Mahang,
Sungai Kangar and Sungai Selama were largely shaded
and their substrates matched that of Thailand’s river which
explained the abundance of D. regina in these rivers.
However, McClure et al. (2006) recorded the presence of
insects, decapods, nematodes, gill arches and teeth from
fishes, which are very different food sources from the food
items identified in this study.

The allochthonous resources were important in small
forest streams because there is a lack of autochthonous
primary production (Horeau et al. 1996; Lowe-McConnell
1986; Saul 1975; Winemiller et al. 2008). The importance
of terrestrial insects in fish diets had been shown in
many fish species from tropical regions, such as in
Amazonian rainforest (Knoppel 1970), Sri Lanka (Moyle
& Senanayake 1984) and in West Africa (Paugy & Bénech
1989).

High values of regression coefficient (r*) indicated
the correlation between length and weight of D. regina
was strong. Similarly, strong correlations of these two
parameters were recorded by Ayoade and Ikulala (2007)
and Jamabo et al. (2009), stating that an increase in weight
is directly proportionate to an increase in length for a
normal fish. The b value (3.26) was in normal range for
the growth of most fishes. Generally, most fishes scored b
values from 2 to 4 (Jamabo et al. 2009; Samat et al. 2008).
D. regina experienced a positive allometric growth (b > 3)
and heavy group, suggesting ample space area and food
supply available for this species throughout the year.

Up to date, there was no recorded on the population
parameters for D. regina in Malaysia. The analysis of its
potential longevity indicated that D. regina grew very
fast at a constant of 1.2 year' with three year life-span
following the fast growth trend of most tropical freshwater
fishes (Afraei Bandpei et al. 2010; Sparre & Venema 1998).
The restructured vBGF growth curves indicated that major
spawning time for D. regina was in January (Figure 2).
The estimation of natural mortality (M) was higher than
the fishing mortality (F) for this fish species suggesting
that fishing activities influenced fish populations the
least because this species is not a popularly harvested or
eaten by human. Reduction in population numbers was
probably due to predation, disease and death at the old
ages (Abowei 2010; Sparre & Venema 1998) since the
fish was underexploited (E < 0.5). Generally, the fish is
optimally exploited when the rate of fishing mortality is
equal to the rate of natural mortality (F=M or E = 0.5)
(Gulland 1971; Hashemi et al. 2010).
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CONCLUSION

In Sungai Kerian tributaries, D. regina was an omnivorous
fish but mainly feeding on terrestrial ants accidentally
falling from riparian trees onto the water surface. Other
food materials were less commonly encountered from
the fish stomach implying their low importance or low
availability to the fish. The finding of this study clearly
indicated the importance of riparian growth along rivers
that served as insects’ habitats especially for the ants.
Enhancement and conservation of D. regina should include
provision of these plants especially species preferred
by ants and other insects in its diet such as fruit trees
(rambutan & durian) along the river banks. This first
record of population parameter estimations for D. regina
showed that the tributaries of Sungai Kerian provided good
habitats supporting good growth of the fish. All parameter
estimations can be used as a baseline for comparison with
other population studies in tropical environments to bridge
the information gap about tropical fishes.
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