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Abstract: This study primarily aimed to generate basic data that is essential for the management and conservation efforts for the
two economically-important fish species of Lake Lanao, Philippines. Specifically, it aimed to assess some aspects of
the reproductive biology of the two species (Puntius tumba and Anabas testudineus) that are endemic and threatened,
respectively. Monthly assessment was carried out to determine variations in sex ratio, gonadosomatic index (GSI), and
stages of oocyte maturation as a measure to determine absolute fecundity (AF). Both species showed a female-favored
population in most times of the year except in July for P. tumba and March and June for A. testudineus. The five stages
of oocytes maturation were immature, maturing, mature, ripe, and spent. The peaks in GSI and estimated AF in May,
August and September indicate the approximate spawning periods of P. tumba while the peaks in GSI and estimated
AF in November, March and April indicate the spawning periods of A. testudineus. No significant relationships were
observed between the GSI to the body and gonad lengths and between fecundity with those of the body and gonad
lengths which indicate constancy of body length despite periodic variations of fecundity. In conclusion, the breeding-to-
maturation periods were predicted to be in September to April for P. fumba and June to October for 4. testudineus. This
conservative estimate could be less predictive for P. fumba than that of 4. testudineus as limited samples for P. tumba
were obtained in most of the months.
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Introduction

The two commercially important fish species Puntius tumba
and Anabas testudineus constitute a significant component of the
fisheries and food industry throughout Lanao del Sur, Mindanao
Island, Philippines. However, P. tumba and A. testudineus are
continuously being threatened with the economic and infrastructure
developments, the growing population of local people living
along the periphery of the lake, and the expanding practice of
aquaculture farming of non-native species. A study (Ismail et al.,
2014) has indicated that a diminishing fish catch particularly that
of Puntius species, has been experienced by the local fishers, as
it only constitutes a 0.04% of the total harvested weight of fish
catch obtained from the lake. The dwindling abundance of these
two fish species brings about a heightened concern, especially that
these are limited only to Lake Lanao.

In the Philippines, there are limited studies conducted on these
two fish species. An early study (Herre, 1924) conducted in Lake
Lanao has indicated only the biological characteristic of P. tumba
and none of A4. festudineus. Considering the dwindling abundance
of these fish species and the paucity of information pertaining to
their reproductive biological aspects has led the researchers to go
about this study. The information on the reproductive biology of
these two fish species is important because it potentially indicates
their current population condition in the area. Although the data
presented here is restricted to the availability of the fish species
during the course of the study period, the present work constitutes
vital information on the aspects of the fish reproductive biology,
particularly the GSI, fecundity, and adult sex ratio. Owing to the
fact that little is known about these aspects, the data gathered in
this study provide benchmark information for the management,
propagation, and conservation of these two particular fish species.

Materials and Methods

Description of the study site

Lake Lanao is the second deepest lake in the Philippines lying
west of a plateau in the province of Lanao del Sur in Mindanao
Island, Philippines. It covers 145 square miles of open water and
lies at an elevation of 2,100 feet, with a surface area of 354.60
km? and an altitude of 701.35 m. It has an average depth of 60.0
m and an estimated volume of 21.28 km?®. The collection site
was confined at the shorelines of the municipality of Marantao.
The climate map of Lanao del Sur is classified as Type III in
accordance with the distribution of rainfall. It is defined to have
pronounced maximum rain periods and short dry seasons lasting
only for 1-3 months, usually between December and February or
between March and May.

Collection of fish samples

P, tumba and A. testudineus were caught by the local fishermen
using gill nets every third week of the month from February 2013 to
January 2014. The sample size varies depending on the abundance
of fish catch. Sample sizes ranging from 16 to 32 were collected

for P. tumba, whereas a declining size from 26 to 4 was collected
for A. testudineus. The samples were placed in an iced box for
immediate air transport to the laboratory and were processed
immediately to minimize the deterioration of the gonads.

Processing of the fish samples

The fish samples were washed with tap water and sorted and
packed into corresponding labeled zip-locks. The body length,
from the snout to the tip of the forked tail, was measured to the
nearest centimeter using a tape measure. The body weight was
measured to the nearest gram using a digital top balance.

The sex of the individual specimens was identified after
the body measurements. The gastrointestinal tract and other
associated tissues and organs were removed to expose the gonads.
The gonads were obtained and blotted onto a filter paper to absorb
excess blood and water. The length and weight of gonads were
recorded and soon after were preserved in 10% buffered formalin
contained in 10 ml-sized vials.

At least five representative samples of P fumba and a
minimum of two samples of A. testudineus per month were
processed histologically. The fish gonads that were fixed in 10%
buffered formalin and processed by standard paraffin method and
stained with hematoxylin-eosin. Four sections of each individual
fish were analyzed using the Nikon Eclipse TS100 microscope.
Histological sections were assessed for the morphological
characteristics of the eggs. Eventual clustering was done based
on the observed morphological characteristics of the eggs, and the
different classes (immature, maturing, mature, ripe, and spent) of
gonadal maturity were established. Microscopically, the presence/
absence of distinct nucleus and yolk, oocyte size, and shape
were used to determine the oocyte maturation categories. Eggs
in each of the slide representing a particular maturity stage were
classified, counted, and recorded on a monthly basis according to
the established gonadal maturity classes for small- to medium-
sized freshwater fishes (Muchlisin et al., 2010).

Monthly variation in sex ratio was determined after counting
the total number of both sexes from the monthly collected
samples. It was done by dividing both sides of the ratio by the
number of females in order to prevent having undefined values of
the ratio due to zero counts of males in some of the months. A chi-
square test was performed to assess whether there are significant
differences in sex ratio from the expected ratio of 1:1.

number of females  number of males

number of females = number of males

The spawning periodicity was determined by monthly
evaluation of the gonadosomatic index (GSI) of each of the female
fish samples. GSI was obtained using the individual gonad and
body weights. GSI was calculated using the formula employed
by Marcano et al. (2007), Sarkar et al. (2012), and Gupta and
Banerjee (2013).

Gonad weight ( GW)

x100
Total Body weight (BM )

Gonadosomatic Index (GSI ) =
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The absolute fecundity (AF) was determined by utilizing the
data collected microscopically as shown in the formula below.
Each of the gonadal section in the slide was examined; the number
of eggs classified under the maturing, mature, and ripe classes
was summed up; and the sum obtained was divided by the total
number of eggs counted within the section.

No. of eggs from meturing, matured, ripe class <100

Absolute Fecundity (AF ) = - -
Total No. of Eggs per Section

The estimated AF values were computed for both fish species
from the number of maturing and ripe oocytes that were counted.
These spawn able eggs include the maturing oocytes (classes B,
C, and D for P. tumba and classes B and C for A. testudineus) and
the already mature and ripe oocytes (class E for P. fumba and class
D for A. testudineus).

Data analysis/statistical tool

Monthly variation of the sex ratio for each of the species was
determined. Tabulated data were constructed to summarize the
differences in sex ratio (monthly value and overall value) from
the expected ratio of 1:1. A chi-square test using the PhStat of
Microsoft Excel 2010 was then performed to analyze the data. A
test with a P < 0.05 indicates a significant statistical analysis.

The mean GSI values of the female samples for each month
were computed. The correlation analysis was used to establish the
relationship of the GSI to that of the mean body lengths and the
gonad lengths and that of the AF per month to its relationship to
body and gonad measurements. A test with a P < 0.05 indicates a
significant statistical analysis.

Results

Adult sex ratio

A female-favored ratio was obtained for most of the months of
collection except for the months of July (P. tumba, Table 1A) and
March (A. testudineus; Table 1B).

GSI of the two fish species population
P. tumba

The mean GSI was observed to reach peaks on the months of
May, August, and September (Figure 1A) and showed a decline
in October onwards to April where the range is from 3.19 to 1.34.
The GSIs on the months of June and July were comparable with
those of the months of March and April.

A. testudineus

The GSI exhibited an increasing trend from October, and the
highest peak was observed in November (Figure 1B). A steady
increasing pattern was observed in January ensuing up to the
March. The GSI had a tendency of declining for the months of
April to July. The scarcity of fish in the lake led the researchers to
not obtain samples of 4. testudineus for the months of December,
May, July, August, and September.

Oocyte maturation stages

There were six identified categories of stages of oocyte
maturation for P. tumba (Table 2A and Figure 2A) and five for 4.
testudineus (Table 2B and Figure 2B).

Estimated fecundity and its observed pattern
with GSI

P. tumba

The fecundity observed for P. tumba ranges from 0.0003
to 0.4930 (Table 3A), whereas the fecundity observed for A.
testudineus ranges from 0.08 to 0.74 (Table 3B). The AF showed
maximum peaks during the months of May, June, July, and August
(Figure 3A). However, a decline was evident during the months
of September to January, and slight increase during the months of
February, March, and April ranging from 0.0188 to 0.0681.

A. testudineus

The maximum peaks were observed in the months of February,
March, and April (Figure 3B). An increasing trend was also
observed for the months of October and November.

A distinct pattern was observed in the estimated AF and GSI
for both P. tumba and A. testudineus (Figures 4A and 4B). An
increasing trend in both the estimated AF and GSI was evident for
P. tumba for the months of October to June (Figure 4A), whereas
an increase in the estimated AF and GSI for the months of October
to November and from January to March for 4. testudineus
(Figure 4B). The seasonality of the reproductive stages of the two
fish species using the GSI and fecundity data was predicted as
shown in Table 4.

Correlation of GSI with body length and gonad
length of the population and fecundity with body
length and gonad length

There were no significant relationships found between the GSI
and those of body length and gonad length in both species (Figure
5) (P > 0.05). Similarly, there were no significant relationships
(P > 0.05) found between fecundity and those of body length and
gonad length in both species (Figure 6).

Discussion

In the Philippines, fish is an important source of protein for
Filipinos, and the availability and accessibility of such commodity
are of utmost importance.

Our study has shown that there is a female-biased adult sex
ratio in most times of the year suggesting a sustainable population
for both species. The dominance of females in the population is
indicative that a steady production of oocytes could be sustained.
However, there were times of the year, like the month of July for
P tumba and the month of March for 4. testudineus, that showed
a male-favored population. The occurrence of a male-favored
population in July (P. tumba) and in March (4. testudineus) may
result to an efficient fertilization corresponding to the peaks
in GSI and fecundity. In one study (Mendoza-Carranza and
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Table 1A: The sex ratio of P. tumba obtained within an annual period.

Months Total Male (n) Female (n) F:M X2 Remark
Oct 28 1 27 1:0.037 9121.3 S
Nov 25 5 20 1:0.25 2701.7 S
Dec 26 12 14 1:0.86 49.7 S
Jan 32 13 19 1:0.68 557.31 S
Feb 29 10 19 1:0.53 1132.6 S
Mar 26 6 20 1:0.3 2450.3 S
Apr 23 6 17 1:0.35 1331.6 S
May 20 4 16 1:0.25 1369.5 S
Jun 16 5 11 1:0.45 269.66 S
Jul 27 14 13 1:1.08 13.11 S
Aug 20 7 13 1:0.54 341.57 S
Sept 20 4 16 1:0.25 1369.5 S
n = sample size; F:M = female:male; X? = Chi-square; S = significant at 5%
Table 1B: The sex ratio of A. testudineus obtained within an annual period.
Months Total Male (n) Female (n) F:M X2 Remark
Oct 4 0 4 1:0 NA NA
Nov 8 3 5 1:0.6 26.966 S
Dec - - - - - -
Jan 9 0 9 1:0 NA NA
Feb 26 1 25 1:0.04 7199.5 S
Mar 5 3 2 1:1.50 323.6 S
Apr 7 2 5 1:0.66 24.027 S
May - - - - - -
Jun 16 10 6 1:1.66 13.917 NS
Jul - - - - - -
Aug - - - - - -
Sept - - - - - -
n = sample size; F: M = female:male; X* = Chi-square; S = significant at 5%;
NS = not significant; NA = not applicable; dashed lines indicate no samples collected
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Figure 1A: Mean Gonadosomatic Index (GSI) of female P
tumba.

Franyutti, 2005), a decrease in the proportion of captured males
was attributed to the energetic cost of oral incubation and the
migration from fishing areas to estuarine zones to release their
progeny. In the case of Lake Lanao, there is likely a migration of
the fish species from frequented fishing zones to safer habitats.

The months with the highest peaks in the GSI may be indicative
of each fish species respective spawning periods. For P. tumba,

Months

Figure 1B: Mean Gonadosomatic Index (GSI) of 4. testudineus.

it was observed that there was a very short breeding period in
between the peaks as relatively low GSI occurrences were seen
in the months of June and July. For A. testudineus, the spawning
season could be in October, November and March which are the
months that showed high GSI values. The months with the high
GSI values coincide with the wet season, indicative of a colder
temperature. A study (Muchlisin et al., 2010) has indicated that
colder temperatures trigger the spawning of freshwater fish

4
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Table 2A: The stages of oocyte maturation of P. tumba with the  Table 3A: The annual record of oocyte count and absolute

corresponding histologic description for each stage. fecundity of female P. tumba.
Stage of maturity Description Month A B C D E F BCDE TOT| Fec.
smallest, irregularly shaped oocyte with Oct 0 0 0 0 0 2092 0 2092 0.0000
A (immature) central translucent nucleus but is not Nov 1306 0 0 0 02026 0 3331 0.0000
visible to the naked eye Dec 192 . 0 0 0 1 17% 1 1987 0.0003
. medium sized and spherical oocyte that Jan 58 0 0 0 2 1358 2 1419 0.0017
B (maturing) .
appears opaque due to its yolk Feb 3778 100 18 49 85 1390 253 | 5421 0.0466
C (mature type 1) and  medium sized, round and yolk-laden Mar 351 9 | 6 130 69 1210 114 1675 0.0681
D (mature type 2) oocyte with translucent periphery Apr 109 11 0 0 17 1342 28 1479 0.0188
E (ripe) oocyte.has reached its maximum size, May 112 170 14 1111 5 142 201 @ 455 04411
spherical and opaque in appearance Jun 53 1124163 7 6 181 200 434 04601
irregularly shaped oocyte that has Jul 8 115217 1 11197 171 | 376 0.4542
F (spent) emptied its content or is about to Aug 189 81 107 58 51 116 297 602  0.4930
collapse Sept 1261 0 0 0 1 2004 1 3266 0.0002
Table 2B: The stages of oocyte maturation of 4. gtestudineus with BCDE= Sp awna‘t.ﬂe eggs; TOT= Total number of oocytes; Fec.=
. . . " Absolute Fecundity
the corresponding histologic description for each stage.
Stage of maturity Description Table 3B: The annual record of oocyte count and absolute
smallest oocyte not visible to the naked fecundity of female 4. testudineus.
A (immature) eye but when magnified appears as a Oct 2735 542 274 458 2386 127 640 0.20
purplish, irregularly shaped cell with
nucleus at the center and has no yolk Nov 5982 | 158 @ 52.8 77.4 145.8 288 1032 0.28
B (maturing) p1nk1sh,d medl.um smﬂe{df, roun;l oocyte Dec - - - - - - - -
. undergomng yolk formation Jan 6445 456 62 256 2082 77 930 0.08
pinkish, medium sized, round oocyte
C (mature) whose yolk has accumulated in the big Feb 185 154 141 65.4 | 40 | 360 | 585 |0.62
central space Mar | 256.6 1342 | 187.6 714 26.6 393 676 0.58
D (ripe) big, bean-shaped oocyte with granules — Apr 1246 4738 1444 1448 143 763 1031 0.74
and yolk inside
big, irregularly shaped oocyte that has May . . . . . . . .
E (spent) collapsed and has emptied its interior or Jun  962.4 61 137.2 1 51 2053 249 | 3265 0.08
is about to collapsed Jul _ ) _ _ _ _ _ _
Aug - - - - - - - -
Sept - - - - - - - -

CDE= Mature eggs for spawning; TOT= Total number of oocytes;
Fec = Absolute Fecundity

0.6000 -

0.5000 - 0.4601 0.4930
0.4000 -
g

T 0.3000
3z
S 0.2000 -

0.1000 -

0_0.0003 0.00 0.0002

Figure 2: A (top), B (bottom): The reproductive stages of oocytes 0.0000 -
following the maturity stages established for small to medium-sized Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept
teleosts species (Muchlisin et al., 2010; Jacob, 2005; El-halfaway,
2004). The immature, maturing, mature type 1, mature type 2, ripe
and spent oocytes of P. tumba were assigned by letters A, B, C, D, E Figure 3A: Estimated Absolute Fecundity of Representative
and F respectively (Figure 2A), whereas classes A, B, C, D and E of Samples of P. tumba.

A. testudineus then represents the immature, maturing, mature, ripe,

and spent correspondingly (Figure 2B). The histophotomicrographs  species; hence, they tend to migrate from the lake to neighboring
also illustrate the differences in the basic appearance of the oocyte rivers with colder temperature.

maturation stages.

Months
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Figure 3B: Estimated Absolute Fecundity of Representative
Samples of 4. testudineus.
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Figure 4A: Comparison between Estimated Absolute Fecundity
and GSI of P. tumba.
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Figure 4B: Comparison between Estimated Absolute Fecundity
and GSI of 4. testudineus.

Apart from the temporal changes in relation to the periods of
growth and development, maturation, spawning, and breeding, we
expect that the differences may also be influenced by the changes
in the environmental condition and the availability of resources
in the area. A copious body of knowledge states that timing is
crucial for the reproductive cycles of vertebrates from fish to
mammals wherein the young are expected to appear when food
is most available and other environmental conditions are optimal
for survival of the offspring (Hickman et al., 1997; Campbell et
al., 2005). The variations in the growth and developmental periods
of these two fish species may be influenced by their ability to
adapt and to cope with ecological instabilities and availability of
resources to meet their life-sustaining needs.

Table 4: The summary of the established seasonality of
reproductive stages of the two fish species based on some aspects
of their reproductive biology.

P. tumba A. testudineus™
Oct-Feb
. . Jan-May Oct-Nov and Jan-
Mat(‘i‘rr;i‘:t‘ufr’:)md Nov-May (GSI) Mar (GSI)
Jan-May (Fecundity) Oct-Nov and Jan-
Feb (Fecundity)
May-Aug Feb-Apr

Spawning Season | May and Aug (GSI) Nov and Mar (GSI)

(maturing, mature, May-Aug ) .
ripe) (Fecundity) Feb-Apr (Fecundity)
Sept-Jan Apr-Jun
Breeding Season Jun-Jul and Sept- Dec-Jan and Apr-Jun
(spent) Nov (GSI) (GSI)

Sept-Jan (Fecundity) May-Jun (Fecundity)

* = no samples obtained during the months of May, Jul, Aug, Sept
and Dec

The months of maximum peaks of AF in P. tumba that were
observed may be indicative of the periods where the fish species is
ready to go about its spawning season. The months of September
to January that showed decrease in the AF values may possibly
indicate the maturation-to-breeding season. The periods predicted
to be the spawning, maturation, and breeding season coincide
with the GSI data. Similarly, the peak of fecundity observed for
A. testudineus during the months of February, March, and April
suggests the possible spawning season of the fish species. It is
likely that the months of June, September, and October, based on
the decrease in fecundity values, are suggestive of the maturation-
to-breeding season. It was noticed that a high GSI value likewise
indicates a high fecundity value. Since both the AF and GSI
values reached their peaks in the months of May to August for
P tumba, these months indicate the spawning periods of the fish
species, and the month of September had the lowest GSI and
fecundity, indicating the period as the maturation-to-breeding
season. The relatively low AF value for A. testudineus in the
months of June, October, November, and January is suggestive
of the fish’s maturation-to-breeding season. This, however, is
more of a speculation than a close estimate because of the dearth
of samples collected in July, August, September, and December.
The peak of spawning period of 4. testudineus most likely occurs
during the months of February, March, and April. It can be
speculated further that the environmental conditions in most of
the months were not optimal to induce reproductive success. In
numerous studies, extreme cases of low environmental conditions
can induce reproductive failure and lead to skip spawning seasons
(Bell etal., 1992; Livingston et al., 1997). A large body of previous
studies reported that the different reproductive strategies among
fish species often account for the differences in fecundity among
fish species (Murua et al., 2003; Wooton 1984). Furthermore,
environmental pollution can also affect fecundity (Johnson et
al., 1998). Unfortunately, an estimate of the fecundity of the two
fish species in conjunction with the existing environmental and
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Figure 5: GSI vs. body and gonad lengths (cm) of the fish population
a= GSI vs. body length of P. tumba; b= GSI vs. gonad length of P. tumba;
c= GSI vs. body length of A. testudineus; d= GSI vs. gonad length of 4. testudineus
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Figure 6: Estimated fecundity vs. body and gonad lengths (cm) of the representative samples
a= Fecundity vs. body length of P. tumba; b= Fecundity vs. gonad length of P. tumba;
c= Fecundity vs. body length of 4. testudineus; d= Fecundity vs. gonad length of A. testudineus
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biological conditions of the lake was not taken into account in
this study.

The absence of a linear relationship between the estimated
fecundity and the body lengths of both fish species could be
accounted for the constancy of the body length of the fish species
that were examined. We noted that the fish species tend to grow
up to a certain body length and they remain to have the same
body length throughout the year despite the periodic variations
in the fecundity values that we observed (Figure 6). Likewise,
the lack of a linear correlation between the estimated fecundity
and the gonad lengths of both fish species studied was observed.
The result of our study on this aspect, however, is not in parallel
with a great number of reported studies (Hossain et al., 2012;
Adebiyi, 2012), where positive correlations were found between
fecundity and body length and weight. It is likely that the lack of
correlation may be due to the fact that fecundity is more related
to the number of mature to ripe eggs than with that of the length
of the ovary. Apparently, the gonads that we examined for length
showed varying fecundity.

Conclusion and Further studies

The reproductive biology of the two fish species in Lake
Lanao was examined, and the different periods of growth and
development, maturation, spawning, and breeding on a year round
were established. The generated information from this study
provides a useful tool to the fishermen and the resource managers
for the future management, propagation, and conservation of these
fish species in Lake Lanao. The need for continuous studies on the
other aspects of reproductive biology that may include correlation
analysis of the reproductive cycle and environmental variables
and study on reproductive strategies considering the different
habitats present in the lake would be worthwhile.
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