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Abstract

Fundamental understanding of fish resources has become a crucial need in Sri Lanka for the sustainable
management of fish stocks. Knowledge of ichthyoplankton essential in identifying the spawning dynamics of fish is
scarce in this region of the Indian Ocean. A survey was conducted in 2018 covering different monsoon seasons to
monitor the abundance, distribution, and diversity of ichthyoplankton along the west coast of Sri Lanka. Samples
collected using vertical and horizontal WP2 hauls showed a total of 4095 fish eggs, with identification possible only to
3 families: Clupeidae, Engraulidae, and Cynoglossidae and 465 larval fish belonging to 23 families. The most dominant
families recorded were the Siganidae, Blenniidae, Clupeidae, Gobiidae, and Engraulidae, which highlight the
importance of pelagic and demersal fish along the west coast. A significant temporal pattern in egg abundance was
observed with the highest abundance in March (5635 10 m)in vertical WP2 net hauls. Furthermore, significant
differences in spatial patterns of larval abundance were seen in vertical and horizontal samples. High larval fish
abundances were recorded in March and during September - November, with northern regions generally having the
highest abundances (~36 larvae 10 m™). The spawning coincides with the productive southwest monsoon period (May
to September). The high diversity and abundance of eggs and larvae recorded in this study indicate that the west
coast is likely an important spawning and nursery ground for demersal and pelagic fish.
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Introduction stages of fish are essential for monitoring and
managing these resources (Shuai et al., 2016; Zacardi
Studies on the abundance and distribution of etal., 2017).

ichthyoplankton provide important information about

spawning grounds and spawning time of fish species
(Selvam et al., 2013; Orek and Mavruk, 2016).
Information on fish eggs and larvae can also help to
identify the locations of critical spawning habitats
that should be protected to ensure the long-term
sustainability of vulnerable fish populations (Sala et
al., 2002). Furthermore, ichthyoplankton surveys can
be used as a fisheries-independent indicator of the
ecosystem health, estimating the species-specific
spawning biomass and overall reproductive strategies
(Lo et al., 2001; Aceves-Medina et al., 2003;
Deepananda and Arsecularatne, 2013; Auth et al,
2018). Moreover, studies on the early developmental

There are several studies conducted on monitoring
spatial and temporal variation in ichthyoplankton
diversity and abundance in the Indian Ocean and other
tropical areas. A study on species composition,
abundance, and distribution of larval fish carried out
in the Bay of Bengal (BOB) by Lirdwitayaprasit et al.
(2008) showed a generally restricted number of
families in the region with high abundances recorded
only sporadically. The highest average abundance of
recorded larval fish was 485 larvae 1000 m, with the
richest diversity in the Andaman Sea area
(Lirdwitayaprasit et al., 2008). Bapat (1955) reported
the occurrence of fish eggs almost throughout the
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year in the Gulf of Mannar and the Palk Bay area, with
the greatest concentration of fish eggs in the former
region.

A thorough and systematic ichthyoplankton survey
program was carried out by the UNDP/FAQ Pelagic
Fishery Project, Cochin (1971-1979) along the
southwest (SW) coast of India (George, 1989). These
survey results showed that several pelagic fish
species spawned off the SW coast of India, namely
Sardinella longiceps (Valenciennes, 1847), Rastrelliger
kanagurta (Cuvier, 1816), Auxis spp., and Stolephorus
spp. almost throughout the year, in the entire range of
their distribution and mainly on the shelf. The highest
spawning activity of most commercial species,
especially the pelagic, was observed during the
southwest monsoon season. Immediately prior to and
after the monsoon season also showed significant
spawning with the least activity occurring during
December to January (George, 1989). A study by
Beckley et al. (2019), investigating the spatial variation
of ichthyoplankton assemblages in the eastern Indian
Ocean along the Kimberly region off north-western
Australia, reported larvae representing 92 neritic and
21 mesopelagic families. In their study, distinct
ichthyoplankton assemblages characterised the inner
shelf such as Engraulidae and Gobiidae, outer
shelf/slope by mixed neritic and mesopelagic taxa,
and oceanic waters by mesopelagic taxa, particularly
Myctophidae, Gonostomatidae, and Phosichthyidae.
Beckley et al. (2019) found these patterns to correlate
with changes in environmental variables.

Though numerous studies on ichthyoplankton are
present from other regions in the Indian Ocean, very
few studies can be found from the north-central
Indian Ocean region. In waters, particularly around Sri
Lanka, only a handful of research activities have been
carried out concerning ichthyoplankton dynamics.
The first attempt to study ichthyoplankton was by
Deepananda and Arsecularatne in 2013, focusing on
the distribution and abundance of finfish larvae in
coastal waters off the Rekawa, located in the
southern region of Sri Lanka. This study focused on
the importance of Rekawa mangrove forest as a
refuge for the early life stages of fish. Moreover,
Rathnasuriya et al. (2021) have investigated the larval
fish diversity and abundance around Sri Lankan
waters based on a survey conducted in 2018.

Coastal areas of Sri Lanka are generally regarded as
highly productive, especially during the southwest
monsoon period (Krakstad et al., 2018; Dalpadado et
al., 2021; Wimalasiri et al., 2021). The west coast of Sri
Lanka with three lagoons (Bolgoda, Lunawa, and
Negombo) and four estuaries (Bentota, Kalu River,
Kelani River, and Maha Oya) borders a coastal
population with fisheries as their main livelihood.
Lagoons, estuaries, and mangrove forests are parts of
coastal ecosystems having an important role in fish
survival (Haryono et al., 2018), supporting vital
fisheries activities in the region (Blaber et al., 2000).
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In this study, the hypothesis is that lagoons and
estuaries and their associated habitats such as
mangroves and seagrasses in the west coast of Sri
Lanka harbour high abundances of ichthyoplankton.
Furthermore, this study hypothesise that these two
major coastal ecosystems enrich adjacent sea areas
with nutrients and provide suitable habitats for many
species, thereby increasing the diversity in this area.
The present study aims to investigate the spatial and
temporal variations in species diversity and
abundance of ichthyoplankton in the central Indian
Ocean, focusing on the west coast of Sri Lanka. This
analysis  provides  baseline information on
ichthyoplankton from the west coast of Sri Lanka,
contributing to identify vital fishery resources and
spawning grounds from a poorly studied area of the
Indian Ocean.

Materials and Methods

Study area

The sampling stations were selected along the
coastal stretch in the west coast where two major
fisheries districts were located, Colombo and
Negombo that accounted for 5,935 and 29,720 metric
ton of marine fish catch in 2017, respectively
(Fisheries Statistics, 2018). Moreover, the west coast
has several lagoons and estuaries enriching adjacent
coasts. The present study area borders three of the
most important ecosystems, namely: Kelani River,
Negombo Lagoon, and Maha Oya Estuary (Fig.1).
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Fig. 1. Map showing the sampling area (red box) for study of
ichthyoplankton on the west coast of Sri Lanka(a), red filled
circles show location of sampling stations with respect to
Maha Oya Estuary, Negombo Lagoon, and Kelani River
Estuary(b).



The Kelani River is one of the major river systems in
Sri Lanka that eventually enters the Indian Ocean on
the west coast, just a few kilometres north of
Colombo. Negombo Lagoon is one of the most
productive regions in Sri Lanka (Pillai, 1965). Around
133 fish species were previously reported to inhabit
the Negombo Lagoon system (GCEC, 1991) and more
than half of them are migratory (Anadromous,
Catadromous or Amphidromous). Negombo Lagoon
has historical and socio-economic values and is an
important national fishing centre (Jayakody, 1994).
Maha Oya, which separates the western and the
north-western provinces, is one of the largest
perennial rivers in Sri Lanka (Santhushya et al., 2015)
that flows into the west coast, where the
northernmost sampling took place.

Sampling stations

Samples were collected from five stations in two
transects (Fig. 1). Stations 1, 2, and 3 were located on
the first transect along the coast from Kelani River up
to Negombo Lagoon, whereas stations 4 and 5 were
situated on the second transect from Maha Oya
estuary and northwards. These stations were located
approximately 6 km away from the shore.

Sample collection

Samples were collected twice a month in March and
September and only once a month in October and
November 2018, each representing a particular
monsoon season (Table 1). Ichthyoplankton sampling
was conducted using a small fibreglass fishing boat (6
m) with an outboard motor (40 HP). The same boat
was used during the entire sampling period. No
conductivity, temperature, and depth (CTD)
measurements were taken as appropriate small
sensors in small boats were not available. Hence, it
was referenced to other corresponding studies from
the region.

Table 1. lchthyoplankton sampling information related to
monsoon seasons from the west coast of Sri Lanka.

Month Sample collection Monsaoon
dates season
March 16.03.2018 1stinter
29.03.2018 monsoon
September 14.09.2018 Southwest
27.09.2018 monsoon
October/November 17.10.2018 2" inter
14.11.2018 monsoon

Horizontal and vertical samples were collected at
each station using a WP2 plankton net (Tranter et al.,
1968) of 180 um mesh size, 56 cm mouth opening and
~260 cm length. The horizontal samples were
collected by towing the net on the surface using a
float at a uniform speed (0.9 ms™) perpendicular to the
shore for two minutes. Vertical samples were

collected by hauling the net at fixed position at
uniform velocity (0.5 ms™) from depth of
approximately 20 m (depending on the bathymetry).
After gently washing the net from outside, the filtered
sample at the cod end of the net was collected into a
180 pm mesh sized filter and the plankton organism
and detritus gathered were preserved using a 4 %
formaldehyde + seawater solution onboard. These
samples were then brought to the Marine Biological
Resources Division laboratory at the National Aquatic
Resources Research and Development Agency
(NARA), Sri Lanka, for further analysis.

Sample analysis

At the NARA laboratory, samples were filtered using a
180 um mesh to concentrate the mixture of plankton
and detritus. Fish eggs and larvae were separated
from this mixture initially by observing with the naked
eye. The remaining larvae and eggs were separated
using a stereomicroscope (3013 ACCU-SCOPE, USA).
The sorted eggs and larvae were preserved once
again using a 4 % formaldehyde solution in separate
bottles for taxonomic identification. The sorted fish
eggs and larvae in vertical and horizontal samples
were identified to the lowest possible taxonomic level
using the standard keys by Leis and Carson-Ewart
(2000) and Rodriguez et al. (2017).

Eggidentification

Several anatomical and morphological features of the
fish eggs were used in the taxonomic identification,
such as shape, size, chorion (ornamented or
unornamented), inner egg membrane, yolk,
perivitelline space, and oil globules (Ahlstrom and
Moser, 1980). Eggs with similar characteristics were
categorised into a single group. All the above
characteristics were recorded per each category of
egg, along with the images. The eggs were identified
to the lowest possible taxonomic level with the use of
available literature. Numerous eggs from the same
taxonomic level were enumerated station-wise.

Larval identification

The main characteristics used in larval fish
identification are the body form, the pigmentation
pattern, and meristic and morphometric character-
istics following Rodriguez et al. (2017).

Data analysis

The abundance of fish eggs and larvae was calculated
separately for vertical and horizontal samples by
dividing the number of eggs or larvae encountered
with the volume of seawater filtered. The volume of
seawater was estimated from tow length and mouth
opening area of the net, assuming 100 % filtration
efficiency. Fish egg and larvae abundance were
standardised by calculating the number of eggs and
larvae per 10 m™ and then log transforming [log (x + )],
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where x is the abundance (Smith and Richardson,
1977; Rabbaniha et al., 2013). Data were statistically
analysed by using SPSS statistics version 25 software.
The normality of data was tested by the Kolmogorov-
Smirnov test at 95 % significance level (Demirel, 2015).
One-way analysis of variance (ANOVA) was used to
investigate the significance of spatial (sampling
stations) variation (Mota et al., 2017) in the mean
ichthyoplankton abundance, considering stations as
the factor. The Tukey's Honestly Significant
Difference (HSD) test was applied whenever
significant (P < 0.05) differences were detected
(Reynalte-Tataje et al., 2012). A t-test was used to
check whether there is a significant difference in
abundance between vertical and horizontal samples.

Biological indices; Shannon-Wiener diversity index
(Shannon and Weaver, 1949), Simpson index (Simpson,
1949), Evenness (Pielou, 1966), Dominance (Balkate,
2017), and Richness (Margalef, 1958) were calculated
for larval fish (Supplementary Table 1). These indices
were modified for the families as it was the lowest
possible taxonomic level identification. Furthermore,
the relative abundance of identified families was also
calculated by dividing the total number of individuals
identified per each family by the total number of
individuals identified. All the identified larval families
were ranked in the ascending order of their relative
abundance.
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Results
Egg abundance

The highest abundances of eggs were recorded in
March for both vertical and horizontally towed
samples (Figs. 2a, b). The lowest abundances were
recorded in October, with station 1 having extremely
low values (<10 eggs 10 m=). When considering the
vertical and horizontal samples the highest
abundance of 535 eggs 10 m™ was recorded from a
single station (station 3)in March.

Larval fish abundance

No systematic pattern in temporal distribution was
found for the larval abundance during the 4 months,
for both vertical and horizontal samples. However,
stations 4 and 5 showed comparatively higher abun-
dances(Figs. 2c, d). The highest larval abundance was
recorded in station 4 in horizontal samples with an
abundance of 35 and 37 larvae 10 m™ in March and
October, respectively.

The mean larval abundance for horizontal samples (11
larvae 10 m~)was higher than that of vertical samples
(6 larvae 10 m). As expected, the egg abundances
were much higher than larval abundances in both
vertical and horizontal towed samples(Fig. 2).
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Fig. 2. Ichthyoplankton abundance at different stations in March, September, and October/November 2018 from the west
coast of Sri Lanka: (a) Fish eggs-vertical hauls, (b) Fish eggs-horizontal hauls, (c) Larval fish-vertical hauls and (d) Larval fish-

horizontal hauls. Note that the scale on the y-axis is different.
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The t-tests performed showed no significant
differences in abundance between vertical (P = 0.94)
and horizontal (P=0.26) hauls(Tables 2a, b). However,
as the samples were collected in somewhat different
water masses when using vertical (deeper) than
horizontal (surface) tows, the results from these two
sampling methods are presented separately.

The box plot illustrates that although the catches
showed no significant difference between the two
methods, the mean larval abundance was twice as
high in horizontal hauls compared to vertical ones
(Fig. 3; Table 2b). Furthermore, the sampling variance
in larval abundance was much higher in the horizontal
compared to the vertical ones.

Spatial variation in abundance

Results of One-way ANOVA (Table 3) indicate that
there were no significant differences (P > 0.05)
between the mean egg abundances among the five
stations in vertical or horizontal samples. However,
significant differences (P < 0.05) between the larval
station-wise abundance were seen for vertical and
horizontal samples (Table 3). In the vertical samples of
larvae, significant differences were found between
stations 2 and 4 according to the HSD test (P < 0.05).
In horizontal samples, stations 3 and 4 and stations 3
and 5 were significantly different (P < 0.05). In the
horizontal hauls, the northern stations 4 and b5
generally had higher larval abundance than the rest of
the stations(see Fig. 2d).

Taxonomic composition of
ichthyoplankton

The taxonomic identification of fish eggs and larvae is
a much more difficult task than identifying the
juvenile and adult stages of fish. Generally, fish eggs

are spherical, transparent, and of similar size, hence,
morphological identification is difficult, except for
those having unique shapes, ornamented chorions, or
other features.

A total of 4095 fish eggs and 465 larval fish were
collected from the study area. Of these, 285 larval fish
were identified to the order or family level, while a
much lower number of fish eggs could be identified.
Larvae identified in this study belonged to 23 families
(Table 4), while the identifiable eggs belonged only to
three major families.

Among the 23 larval fish families, 19 were of
commercial importance. Fourteen families were
important as food fish: Carangidae, Clupeidae,
Engraulidae, Gerreidae, Leiognathidae, Lutjanidae,
Mugilidae, Mullidae, Serranidae, Siganidae, Sillaginidae,
Sparidae, Cynoglossidae, and Paralichthyidae. The latter
two families (Cynoglossidae, and Paralichthyidae)
have somewhat minor interest as food fish.
Furthermore, five families with importance in the
ornamental fish industry were also identified, namely
Blenniidae, Callionymidae, Gobiidae, Percophidae, and
Synodontidae. Out of the 23 families, 14 demersal, 2
pelagic, 2 reef-associated, 4 pelagic/demersal/reef-
associated, and 1 bathydemersal (Percophidae) were
recorded. Families such as Lutjanidae, Serranidae,
and Siganidae comprised both demersal and reef-
associated fish. Furthermore, larvae of the family
Carangidae comprising both pelagic and demersal
species were encountered (Table 4). Results from this
study indicate higher demersal fish diversity
compared to the pelagic.

Qverall, 180 of the larval fish specimens could not be
identified due to structural damage or in an early or
indeterminate stage of development. Most of the
larvae in the yolk sac stage could not be identified,

Table 2. Results of the t-tests for vertical and horizontal samples of fish eggs (a) and larvae (b) from the west coast of Sri Lanka.

The abundance of fish eggs and larvae is expressed as number m.

a b
Egg-vertical Egg-harizontal arvae-vertical Larvae-horizontal

Mean 9.10 8.80 Mean 0.63 1.06
Variance 170.42 51.99 Variance 0.20 1.83
Observations 15.00 15.00 Observations 15.00 15.00
H_ypothesised mean 0.00 H_ypothesised mean 0.00
difference difference
Degrees of freedom 22.00 Degrees of freedom 17.00
t Stat 0.08 t Stat -1.18
P(T<=t)two-tall 0.94 P(T<=t)two-tall 0.26

250 40
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30

150 2

20

100 15

10 T

Abundance (eggs 10 m3)
Abundance (larvae 10 m?3)

50

1 5 ns

Fig. 3. Box plots showing abundance in
vertical and horizontal hauls for (a) fish eggs
and (b)larval fish from the west coast of Sri
Lanka. The boxes are divided by the median
value and framed by the upper and lower
quartile. The whiskers extend to the highest
and lowest observations in each direction.
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Table 3. Summary of One-way ANOVA of mean egg and larval abundance for vertical and horizontal samples from the west coast
of Sri Lanka. Statistically significant values are in bold and df = 4 (between groups), df = 10 (within groups)and df = 14 (total).

Mean square

Sample type (Between groups) F value Pvalue
Eggs - vertical 0.404 2.055 0.162
Eggs - horizontal 0.328 1.344 0.320
Larvae - vertical 0.239 3775 0.040
Larvae - horizontal 0.723 4.998 0.018

Table 4. Station-wise composition of larval fish families from the west coast of Sri Lanka. Relative abundance (Percentage
contribution of the total)and ranking based on highest to lowest relative abundance values.

Station

Family Total Relative abundance Rank
] 2 3 4 5
Ambassidae” L 4 1.95 10
Blenniidae” 2 4 35 16 57 27.80 2
Callionymidae’ 1 1 1 3 1.46 1
Carangidae™ ] 1 0.49 16
Clupeidae® ] 13 14 6.83 3
Cynoglossidag’ ] ] 0.98 13
Engraulidae® 1 8 9 4.39 5
Gerreidae’ T T 0.49 16
Gobiidae’ 2 3 4 2 1 5.37 4
Leiognathidae’ ] 1 0.49 16
Lutjanidae 2 2 0.98 13
Mugilidae’ ] 1 0.49 16
Mullidae’ 7 7 3.41 7
Paralichthyidae’ ] 1 0.49 16
Percophidae 3 1 1 5 2.44 9
Platycephalidae’ 2 1 K 1 7 3.41
Pomacanthidae ] 1 0.49 16
Pseudochromidae ] 1 0.49 16
Serranidae ] ] 2 0.98 13
Siganidae 1 1 53 7 62 30.24 1
Sillaginidae” 2 ] 3 1.46 1
Sparidae’ ] ] 6 1 4.39 5
Synodontidae’ ] 1 0.49 16

*Demersal, + Pelagic

likely due to their fragile nature where they get easily
damaged by handling etc.

The top 10 most abundant larval fish families out of
the 23 identified are shown in Figure 4. The family
Siganidae had the highest abundance, contributing to
30 % of the identified specimens, followed by Blenniidae
(28 %), Clupeidae (7 %), Gobiidae (5 %), and Engraulidae
(4 %).

QOverall, 80 larval fish were recorded in the order
Clupeiformes. The order Clupeiformes consisted of
four families, namely, Clupeidae, Engraulidae,
Chirocentridae, and Pristigasteridae. Clupeiformes
larvae have few common characteristics such as
elongated body; long, straight, partially straight gut;
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Fig. 4. Top 10 most abundant larval fish families and their
percentages in samples from the west coast of Sri Lanka.



posteriorly placed fins (Leis and Carson, 2000).
Hence, the initial larval stages in this order could not
be identified to the family level as the distinguishing
morphometric or meristic characteristics were not
fully developed. Therefore, they were placed under
the higher taxonomic level, ‘Order’ in this study to
avoid erroneous classification. In addition, three
families of fish eggs were identified: Engraulidae,
Cynoglossidae and Clupeidae.

Biological diversity of larval fish
families

Diversity was calculated only for the larval fish
families, as only three fish egg families were
identified during this study. These indices have been
calculated using pooled vertical and horizontal hauls
and samples from all 4 months collected at each
station. Table 5 summarises the diversity indices,
richness, dominance, and evenness calculated for
larval fish recorded in all five stations.

As shown in Table 5, the highest number of families
(19), as well as the highest richness (8.58), was
recorded in station 4. Station 1, 3 and 5 also had
higher and similar richness than station 2, which
accounts for the lowest richness (4). The highest
Shannon-Weiner diversity index (1.85) was observed in
station b. Station 4, which had the highest number of
families and richness has the lowest Shannon-Weiner
diversity index (0.8). This is mainly due to the low
evenness (0.27) observed in station 4 as only a few
major families dominate this site. The Shannon-
Weiner diversity index depends on both richness and
evenness (Strong, 2016). However, station 4 had the
highest Simpson index (0.27) among all stations. This
results from the Simpson index being a dominance
index, giving more weight to common or dominant
families.

Discussion
Ichthyoplankton abundance

Lagoons and estuaries and their associated habitats
such as mangroves and seagrasses provide safe
refuges as nurseries and feeding grounds for many
commercially important species such as shellfish and
finfish (Miththapala, 2013). Many fish species have

adapted to spawn in marine coastal waters, while
larval and juvenile stages migrate into estuaries or
lagoons to feed and grow in their shelter (Miththapala,
2013). Recent studies also confirm that the cooler,
nutrient rich southwest coast of Sri Lanka is a highly
productive (phytoplankton and zooplankton) area
(Krakstad et al., 2018; Dalpadado et al., 2021;
Wimalasiri et al., 2021). These investigations,
overlapping with our study period, show that the west
coast of Sri Lanka has a lower sea surface
temperature (~27 °C) and higher salinity (~35) than
that of the east coast (~29.5 °C; 33.8). Besides, these
studies show that the west coast has a higher
chlorophyll concentration (~1 mg.m) than the east
coast (0.1-0.5 mg.m™), depicting high productivity in
the west coast during the southwest monsoon period.

The mean larval abundance of the present study (10
larvae 10 m™) was higher than that of the
ichthyoplankton survey conducted in the Rekawa
Lagoon (~220 km away from sampling site), in the
south coast (46.6 larvae 100 m™) during September
2011 to February 2012 (Deepananda and
Arsecularatne, 2013). In the current study, eqg
abundance was found to be highest in March, which is
the pre-monsoon season. In a similar study
conducted in the Gulf of Mannar (~185 km north of the
study area), similar results were observed, where the
number of eggs increased from January until they
reached the peak in March (Bapat, 1955). Bapat
observed relatively low number of eggs, with a slight
increase during September-November, corroborating
with results from the present study. In the present
study, station 4 had the highest mean larval
abundance for both horizontal and vertical samples.
Station 4 is located central to the Negombo Lagoon
mouth and Maha Oya Estuary. Negombo Lagoon is one
of the most productive lagoons in Sri Lanka,
consisting of a dynamic mangrove ecosystem (Silva et
al., 2016). In addition, Maha Oya is one of the largest
perennial rivers in Sri Lanka (Santhushya et al., 2015),
bringing nutrient-rich waters. High abundance in this
region could be due to good feeding conditions for
larval fish.

No systematic spatial distribution pattern was found
for the larval abundance during the 3-month period
for vertical and horizontal samples. However, the
samples from stations 4 and 5 had a comparatively

Table b. Summary of the diversity indices calculated for b stations from the west coast of Sri Lanka. See Supplementary Table 1

for more details.

Index Station Station 2 Station 3 Station 4 Station &
No. of families 6 5 7 19 1
Shannon-Weiner (H) 1.75 1.47 1.80 0.80 1.85
Simpson(D) 0.05 0.18 0.1 0.26 0.19
Evenness(J) 0.98 0.9 0.93 0.27 0.77
Dominance 0.02 0.09 0.08 0.73 0.23
Richness 5.92 4.00 5.76 8.58 5.83
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higher abundance, likely due to high productivity in
this region. Station 1 had the lowest ichthyoplankton
abundances, probably due to the closer proximity to
the Kelani River mouth (see Fig. 1), where the tidal
fluctuation and changes in salinity could make it
difficult for the eggs and larval fish to prevail in the
area. The eggs and larval fish are likely dispersed to
the adjacent areas with prevailing localised currents
(Krakstad et al., 2018; Rathnasuriya et al., 2021) where
low disturbance occurs.

The spatial and temporal distribution of fish eggs and
larvae are controlled by both active behaviour and
passive transport mechanisms. These mechanisms
result from a combination of biotic and abiotic
factors, as described earlier. According to the results
of the present study, the highest mean egg
abundance was observed in station 3, whereas the
highest mean larval abundance was reported in
station 4. Several factors may affect this scenario.
The abundance and distribution of larval fish depend
on favourable biological conditions. The fish spawning
time and location must ensure proper and sufficient
food, minimum risk from predators, and appropriate
environmental conditions  (Rabbaniha, 2013).
Furthermore, suitable spawning habitats for fish
require the accomplishment of the “fundamental triad
hypothesis” explained by Bakun (1996): i) nutrient
enrichment processes, ii) concentration of food
particles, and iii) retention of eggs and larvae within a
favourable habitat. Station 4 fulfils most of the above
requirements for the survival of early fish larval
stages, although station 3 might be a suitable
spawning location. The low abundance of
ichthyoplankton in station 1, located near the Kelani
River mouth, may be due to low salinity and large
discharges preventing retention within this area. A
study by Wargo et al. (2009) showed significantly
lower ichthyoplankton abundances close to the river
plume with low salinities compared to salt
concentrations further away. Factors such as
currents, tides, wind, and retention mechanisms may
cause the transport of fish eggs and larval fish from
the spawning ground to the nursery area (Arnold,
1974). Future studies should focus more on
mechanisms behind the spatial and temporal
distribution variations of ichthyoplankton in these
waters, such as biophysical factors.

Diversity

The present study recorded higher demersal fish
diversity in comparison with the pelagic diversity.
Previous records also show that the demersal catches
are highly diverse in terms of the number of species
(De Bruin et al., 1995). A survey conducted by the R/V
“Dr Fridtjof Nansen” in 2018 showed that the
southwest coast had the second highest biomass,
and the number of families in the bottom trawl
catches compared to other regions of Sri Lanka
(Krakstad et al., 2018). Besides, survey results from
2018 showed that though the pelagic catches were
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the highest in the southwest, the biomass was lower
than that of the demersal fish.

The family Siganidae had the highest abundance,
contributing to 30 % of the identified specimens in
the present study. Siganids or rabbitfish are small to
moderate size, mainly herbivorous benthic fish found
in an array of habitats, including coral reefs, seagrass
beds and estuaries. Some species have commercial
value as food fish and some are important in
aquaculture (Leis and Carson-Ewart, 2000). Among
the 27 siganid species, 9 are found in Sri Lankan
waters (Leis and Carson-Ewart, 2000; Terny and
Kasun, 2012). Blenniidae, which accounted for 28 % in
the present study, is a large and diverse group of
small, benthic, scaleless fish (Leis and Carson-Ewart,
2000), where 33 species have been recorded in Sri
Lanka(Terny and Kasun, 2012).

The order Clupeiformes has enormous commercial
importance in Sri Lankan waters. There are four
families in this order (Clupeidae, Engraulidae,
Chirocentridae, and Pristigasteridae), all of which
occur in the Indo-Pacific region where over 350
species have been recorded (Leis and Carson-Ewart,
2000). Family Clupeidae, which includes herrings,
sardines and anchovies accounted for 7 % in the
present study. Sardines and other small pelagic fish
species contribute to about 40 % of the total fish
catch in Sri Lanka (Dayaratne, 1985). On the west
coast of Sri Lanka, the fishery is based on small-
meshed gillnets. Three species of clupeids;
Amblygaster sirm (Walbaum, 1792), Sardinella gibbosa
(Bleeker, 1849) and Sardinella albella (Valenciennes,
1847) contribute to about 70 to 80 % of these small
pelagic fish catches(Dayaratne, 1985).

Five percent of identified fish was Gobiidae which
constitutes the largest family of marine fishes.
Moreover, the smallest fishes generally belong to this
family (Froese and Pauly, 2019). According to Terny
and Kasun (2012), 64 species have been recorded in
Sri Lankan waters. They are mostly found in shallow
coastal waters and around coral reefs. Many are
popular as aquarium fish (Froese and Pauly, 2019),
hence, an economically important family in this
region.

In an ichthyoplankton survey in the coastal waters in
the southern province (off Rekawa), 12 families were
recorded, with the most abundant families being
Blenniidae, Gerreidae, Mullidae, Carangidae and
Clupeidae (Deepananda and Arsecularatne, 2013).
Moreover, in the ecosystem survey by R/V “Dr Fridtjof
Nansen” in 2018, larval fish species diversity and
composition in the Indian Ocean were mapped for the
first time using combined morphological and
molecular methods (Rathnasuriya et al., 2021). They
studied larval diversity in six coastal regions (North
East, Central East, South East, South, South West,
and North West) off Sri Lanka using Multinet
Mammoth (1 m?, 300 um single net). In their study, 80



different species belonging to 69 families were
identified with Carangidae as the most numerous and
abundant family, followed by Myctophidae, Lutjanidae,
Scombridae, and Caesionidae. Out of the 23 families
identified in the present study, demersal fish families
dominated, accounting for ~60 % of the total
(Siganidae, Blenniidae, Sparidae, Mullidae and others),
whereas pelagic comprised only ~9 % (Clupeidae and
Engraulidae). Other families such as Carangidae
consisted of species belonging to pelagic, demersal
or species inhabited in reef associated environments.
The gears used for sampling larval fish differed among
the above studies, also the period and area, hence,
these results are not directly comparable. The WP2
net, a ring used in the current study, recorded 23
families from the west coast. This simple ring net was
easier to operate in the smaller vessels available for
this study. Nevertheless, families such as Clupeidae,
Blenniidae, and Gobiidae are dominant families in
most studies.

Is the west coast a suitable nursery
ground for larval fish?

In general, the west coast is more productive than the
east coast (Yapa 2012; Dalpadado et al., 2021;
Wimalasiri et al., 2021). West regions are most
productive (Chl a >1 mg.m?) from May to October,
coinciding with the southwest monsoon period (Yapa,
2012). The spawning of fish is generally concentrated
in nearshore gyres, likely facilitating the return of
larvae to the productive coastal areas which act as
nursery grounds(Johannes, 1978; Da Silva et al., 2018).
Ichthyoplankton results from the present study
corroborate that spawning likely occurs close to the
productive coastal regions. The abundance and
diversity, particularly of demersal larval fish, confirm
the importance of the west coast of Sri Lanka as an
important nursery ground for fish. Moreover, the west
coast continental shelf is generally rocky comprising
coral reefs, creating a favourable demersal
environment. In addition, the estuarine mouth with a
muddy, sandy bottom harbours some demersal fish
species(De Bruin et al., 1995).

Conclusion

The high diversity and abundance of fish eggs and
larvae recorded in this study indicate that the west
coast of Sri Lanka is an important spawning and
nursery ground for fish. The southwest monsoon
seems to be an important trigger for the spawning
activities in this region. The high abundance and
diversity, particularly of demersal larval fish confirm
the importance of the west coast of Sri Lanka as an
area with preferred spawning habitats and vital
nursery grounds for these fishes. The current
ichthyoplankton study establishes baseline
information on ecologically and economically
important families on the west coast of Sri Lanka.
This background information is essential for planning
future annual ecosystem surveys in an understudied

region of the north-central Indian Ocean. Future
surveys should collect ichthyoplankton samples for
molecular sequencing to obtain more accurate
identification to species level. DNA barcoding of fish
eggs is vital for establishing potential spawning
grounds. At the same time, there is a need to
elucidate the role of biophysical variables is key to
understanding  the  distribution  patterns  of
ichthyoplankton in this region.
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Supplementary Table 1. Description of indices used in the current study.

Index Equation Description References
Shannon-Wiener Sisthe total number of the species, and Shannon and
diversity index S piis the relative abundance(ni/N)of each  Weaver, 1949
H = —Z(pi In pi) species(where niis the number of
i=1 individuals in species i, N is total number
of individuals in the collection)
Simpson index niis the number of individuals in speciesi,  Simpson, 1949
D=1- n(n; — 1) N'is total number of individuals in the
N(N-1) collection
Evenness I H is species diversity and Sis the total no.  Pielou, 1966
= — of species
J InS .
Dominance Jisthe evenness Balkate, 2017
Dominance =1—]
Richness Sis the total no. of species whereasnis Margalef, 1958

S—-1
Richness = ——
logn

the total no. of individuals in the
community
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