RESEARCH ARTICLE

Age Determination and Body Length Relationship
of Two-Spot Red Snapper (Lutjanus bohar)

Maybelle A. Fortaleza « Cleto L. Naiiola Jr. =
University of the Philippines Mindanao, PHILIPPINES

Abstract

Otolith study on fifty two-spot red snappers (Lutjanus bohar) in Davao Gulf, Philippines, was conducted to
describe their growth pattern, determine the age structure, and estimate their age at sexual maturity. Fish samples
were obtained from Toril and Bankerohan Public Markets in Davao City from February to June 2015 where fish
morphometrics, otolith extraction, and age determination followed. Length-weight relationship showed that
L. bohar follows isometric growth pattern (b=3.0015). Somatic and otolith morphometrics gave significant
correlations where otolith length and total length relationship had the highest R* value (R*=0.9382). Out of fifty
fish samples, twenty-one of the sagittal otoliths had ages ranging from three to seven years old. The parameters
obtained from the age-at-length data fitted to von Bertalanffy growth function were K=0.81 and L_=28.9 cm,
with an estimated age at maturity of six years old. The growth performance index (¢ =2.83) also revealed that
L. bohar in Davao Gulf has faster growth rate compared to other locations. Faster growth rate leading to earlier
maturity and smaller size-at-maturity may indicate the compounded effects of environmental factors and fishing
pressure to slow-growing fishes. Thus, we recommend studying the population ecology of L. bohar in Davao Gulf
and considering a larger sample size in future researches.
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Introduction

Reef fishes are found to be abundant in the
tropical region with the highest biodiversity
concentration at the Coral Triangle (Carpenter
and Springer 2005). Among these reef fishes that
have both ecological and economic significance
is the family of tropical snappers or the family
Lutjanidae. These tropical snappers are important
in the trophic ecology as crepuscular predators
(Moyle and Cech 2000). Nelson (1994) described
the family Lutjanidae as having more than 125
species with five subfamilies. They are highly
abundant in the Indo-Pacific region (Allen 1985;
Wright et al. 1986) and are harvested in different
quantities (Marriott and Mapstone 2006).

The species of interest, the two-spot red
snapper (Lutjanus bohar) belongs to the
subfamily Lutjaninae, the largest among other
subfamilies (Morallana 2013). It is a long-lived
reef fish reaching around 60 cm in terms of fork
length (L) and has a maximum estimated age
of more than fifty-five years old (Marriott et
al. 2007). The slow-growing and late-maturing
nature of L. bohar identifies them to have a
K-selected life history (Marriot et al. 2007), which
makes them vulnerable to overfishing (Morallana
2013). To date, L. bohar remains unevaluated
in relation to exploitation level while the other
representative species under family Lutjanidae
were already classified as vulnerable (IUCN
2015).

Age-based studies are used to investigate the
life history of reef fishes (Choat and Robertson
2002), and these are necessary in ameliorating
stock assessments (Grandcourt 2005). As fishing
can greatly influence reef fish ecology, studying
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the life history traits of reef fishes can help
determine how they respond to such exploitation
(Jennings et al. 1999; Jennings et al. 2001). One
of the many ways to conduct an age-based study
on fishes is through otolith science (Thorrold and
Hare 2002; Miller et al. 2010).

Otoliths are hard structures made of
calcium carbonate, which are embedded in a
proteinaceous matrix (Victor 1982; Jobling 1995).
These so-called “ear stones” are responsible for
sound reception and balance (Campana 2004;
Rodriguez Mendoza 2006). Unlike other calcified
structures (e.g., scales and bones), otoliths lack
resorption—i.e., the minerals deposited in it
are not utilized even during starvation periods
(Thorrold and Hare 2002; Rodriguez Mendoza
2006). For most teleosts, otoliths come in three
sets, namely, sagitta, astersicus, and lapillus
(Miller and Simenstad 1994; Cailliet et al.
2001), and the largest and most commonly used
among the three is the sagittal otolith (Miller
and Simenstad 1994; Choat and Robertson
2002; McBride et al. 2010). Periodic growth
increments pertain to the concentric rings
found in the otolith microstructure, and these
are relatively important for age determination
(Campana 2001). The ages of both juvenile and
adult reef fishes can be determined based on
otolith increments that are deposited daily and/or
annually (Fowler 1990).

Age-based studies of L. bohar in Kenya (Talbot
1960) and Papua New Guinea (Wright et al.
1986) used scales and length frequency analysis,
respectively, to determine its growth parameters.
Despite various methods in determining age and
growth rates, Campana (2001) emphasized the
accuracy in measuring the age of fishes using
otoliths, which is also best suited for tropical fish
species (Brothers et al. 1975). Loubens (1980) and
Marriot et al. (2007) were among those who have
conducted otolith studies for L. bohar in New
Caledonia and Australia, respectively. Given the
significant impacts of L. bohar in marine ecology
and fisheries, it is important to investigate their
life history through otolith studies. Hence, this
study is directed to determine the age structure
and body length relationship of L. bohar in the
Philippine setting, particularly in the Davao Gulf
(Figure 1).
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FIGURE 1 Location of the Davao Gulf in Mindanao, Southern Philippines

Materials and Methods

Time and Place of Study

Market surveys were carried out in
Bankerohan and Toril Public Markets in Davao
City with fifty L. bohar individuals collected from
February until June 2015. These were favorable
months considering that spawning aggregations
of L. bohar along with other lutjanids in
Indo-West Pacific region occurs from mid-May
to June (Martinez-Andrade 2003). The market
surveys were done from six to eight o’clock in
the morning to secure fresh fish samples from
traditional catches. According to the market
peddlers, most of their catch comprised of
lutjanids, lethrinids, and few serranids obtained
through spearfishing and use of gill nets. The
fish samples were kept in a styrofoam container
with ice to preserve their freshness. Labeling and
morphometric procedures were performed in the
laboratory immediately.

Fish Morphometrics

The total length (L) of the fish was measured
from the anterior-most part of the fish to the
tip of its longest caudal fin ray (Anderson and
Neumann 1996). Length measurements were
done using a measuring board and the wet weight
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of the fish samples was determined using a
weighing scale. All measurements were expressed
in metric scale: centimeter (cm) for the total
length and gram (g) for the fish weight.

Otolith Extraction and Morphometrics

Otolith extraction was done following the
open-the-hatch method described by Secor et
al. (1992). The otolith length (OL) and otolith
width (OW) were measured in millimeters
using a digital caliper. Otolith length was
measured from the rostrum to the postrostrum
(Secor et al. 1992) while the otolith width was
measured perpendicularly to otolith length
(Morales-Nin 1992). The otolith mass (OM)
was obtained using a digital weighing scale
(ALC210.4 Acculab). All extracted pair of sagittal
otoliths were kept in Eppendorf tubes containing
95% ethanol for proper storage.

Otolith Preparation and
Reading of Growth Increments

Right sagittal otoliths were used, and if
broken, the left ones work as substitute given
that the growth rings in either of the two
otoliths are the same (Morales-Nin 1992). The
mounting and embedding procedure of the
otolith was adapted from the method of Robbins
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and Choat (2002). Right sagittal otoliths were
used, grinded, and polished on wet sandpaper
(#600 and #1000, respectively). The ground area
was checked under the microscope from time
to time to avoid overgrinding or hitting the
nucleus. Age estimation was done by counting
the annual growth increments or the concentric
rings that can be observed under the microscope
(Miller and Simenstad 1994). Following the
age estimation method described by Marriott
and Mapstone (2006), otolith increments were
identified as opaque bands and counted under
scanner objective (Ken-A-Vision). Counting of
annual instead of daily growth increments is the
preferred age estimation method for long-lived
reef fishes like L. bohar.

Data Analyses

The relationship between the total length
and the fish weight of L. bohar was determined
using scatter plot graph. The formula W =aL’ was
used to determine the length-weight relationship,
where a and b are constants determined by
linear regressions (Karachle and Stergiou 2012).
Anderson and Neumanns’s (1996) interpretation
of b values were used to describe the pattern
of growth of L. bohar as either allometric or
isometric.

The relationship between fish and otolith
morphometrics was interpreted in a scatter
plot graph through simple linear regression.
Furthermore, the age estimates of L. bohar were
verified using age and otolith mass relationship
where the two variables are expected to be
linearly correlated (Robbins and Choat 2002).
The von Bertalanffy growth curve of L. bohar was
obtained using Paleontological Statistics (PAST),

where the age-at-length data was fitted to the von
Bertalanfty growth function (VBGF) model at
95% level of confidence. The growth performance
equation, adapted from Pauly and Munro (1984),
was used to compare the data regarding the
growth of L. bohar gathered in different locations.

Results and Discussion

Of the fifty fish samples collected, twenty-nine
were males and twenty-one were females. The
predominance of male L. bohar individuals is
attributed to their spawning behavior where
several males would follow a female (Domeier
and Colin 1997). Moreover, fishes thriving in
warmer water temperature were observed to have
approximately 75% males in the brood (Moksness
et al. 2008). L. bohar is among the favored targets
of fishermen in the Philippines and usually
harvested with serranids and lethrinids (Russ and
Alcala 1989). Spearfishing and the use of gill nets
are two of the most common methods used in
fishing lutjanids in the Davao Gulf. In the Indian
Ocean, L. bohar are caught using traps, hooks,
and driftnets (Druzhinin 1972), whereas in Papua
New Guinea, they are mainly caught using hook-
and-line and sometimes with the use of spear or
gill nets (Wright et al. 1986).

Length and Weight Relationship

The minimum values observed for the
standard length (L,) and total length (L) of
L. bohar were 10.3 and 13.4 cm, respectively
(Table 1). The maximum lengths recorded were
23.8 cm for L and 30.4 cm for L. Mean L is
17.81 cm while the mean L is 22.46 cm. The wet

TABLE 1 Summary of the minimum, maximum, and mean values for the fish and otolith morphometrics of Lutjanus bohar
(n=50)

Morphometric measurements/Unit Minimum value Maximum value Mean value

Standard length (L,); cm 10.30 23.80 17.81+£3.21

Total length (L,); cm 13.40 30.40 22.46+4.03

Fish weight (FW); g 42 460 208

Otolith length (OL); mm 6.79 14.13 10.36+1.64

Otolith width (OW); mm 5 10.02 7.43+1.08

Otolith mass (OM); mg 43 379.60 153.20

Otolith age (OA); years 3 7 5.80
BANWA B (2017) 12:res003 4 ojs.upmin.edu.ph



weight of the fish samples was observed to range
from 42 to 460 g with a mean weight of 208.26 g.

The logarithmic relationship of the L and
FW has an R? value of 0.986 (Figure 2), which
means that there is a strong relationship between
the body length and weight measurements of
L. bohar. The computed a and b values for L,
and FW relationship were 2 x 10° and 3.0015,
respectively. The obtained b value (b=3.0015)
indicates that the growth of L. bohar is isometric,
which means that the same body form is
maintained as the fish grows older (Karachle and
Stergiou 2012; Rendn et al. 2015). The b value
may not be necessarily equal to 3 because the
disparity of values is associated with habitat,
season, and reproductive activity (Alicli et
al. 2012) of two-spot red snappers in their
environment.

Furthermore, the b value of L. bohar in
the Davao Gulf (b=3.0015) is close to the
b value presented in the summary of length-
weight relationships of New Caledonian lagoon
fishes (Kulbicki et al. 2005). L. bohar in New
Caledonia has a b value of 3.059 and classified
as cylindrical in terms of shape. This may denote
an isometric growth given that the shape classes

450
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= 300
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=2
5 200
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Total Length (mm)

FIGURE 2 Relationship between the total length and fish
weight of Lujtanus bohar

TABLE 2

were either compressed or elongated if not
identified as cylindrical. Isometric growth was
also observed in other members of the family
Lutjanidae (Table 2). In a study conducted by
Rendn et al. (2015) in Southern Gulf of Mexico,
isometric growth was observed for L. synagris
(b=2.634) and Ocyurus chrysurus (b=2.795).
Govinda Rao et al. (2014) also reported isometric
growth pattern for L. lutjanus (b=3.0113) in
Visakhapatnam, middle east coast of India.

Relationship of Fish and Otolith Morphometrics

High R? values were observed for all fish
length and otolith morphometric relationships,
denoting strong correlations. Among the otolith
measurements, otolith length (OL) showed the
strongest relationship to L, with an R* value of
0.9382 (Figure 3a). A significant correlation was
also observed for otolith width (OW) (Figure 3b)
and otolith mass (OM) (Figure 3c) with R? values
0f 0.9002 and 0.7971, respectively. Waessle et al.
(2003) reported that otolith length and otolith
mass are good predictors of standard length and
fish weight (Corral et al. 2013). The OL showed
the highest R? value (0.9382) among other otolith
measurements, which means that OL is the best
predictor of fish size for L. bohar.

Otolith Age

The age structure of L. bohar is from three
to seven years old, with highest age frequency
observed among five-year old individuals
(n=6). The otolith microstructure of L. bohar is
characterized by a series of dark bands after the
nuclear region, which are identified as annual
increments (Figure 4). The opaque bands were
more perceivable from the sulcus and then
fainting as it encompasses the sectioned otolith
microstructure. Hence, deposition of mineral
causes the otolith microstructure to grow more in
width (OW) than in length (OL) as the fish grows
older. Moreover, the relationship between the age

Length-weight parameters of other lutjanid species with isometric growth pattern

Range of total

Lutjanid species length (mm) Log a b Growth

Lutjanus lutjanus (Govinda Rao et al. 2014) 89-240 526 -4.8635 3.0113 Isometric
Lutjanus synagris (Renén et al. 2015) 185-459 412 -1.3300 2.6340 Isometric
Ocyurus chrysurus (Renan et al. 2015) 244-504 727 -1.7140 2.7950 Isometric

BANWA B (2017) 12:res003
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FIGURE 3 (A) Relationship between the total length and

otolith length, (B) total length and otolith width, and (C) total
length and otolith mass of Lutjanus bohar samples

and otolith mass of L. bohar revealed a strong
correlation with an R? value of 0.7903 (p <0.0001)
(Figure 5). Although there were only few samples
used in age determination, the verification
method indicates that the quality of age estimates
is acceptable.

Growth and Age-at-Length Data
of Lutjanus bohar

The growth curve for L. bohar collected
from the Davao Gulf was determined using the
von Bertalanffy growth function (VBGF) fitted at
95% level of confidence (Figure 6). The top and
bottom curves represent the upper and lower
limits of the 95% confidence interval while the
middle curve is the resulting growth curve given
by the equation L =289.3 (1-7.157 e *81%),
The steep part of the growth curve, which is
from three to four years shows a period of
rapid growth. This result coincides with the
study conducted by Marriott et al. (2007),
where the rapid growth phase of L. bohar in
the Great Barrier Reef, Australia, was observed
between three to five years. As the growth curve
approaches the plateau, the energy allocated for
growth has shifted towards reproductive purposes
(Ross and Biagi 1991). The life stage and existing
environmental conditions (Ross and Biagi 1991)
such as water temperature (Kausar and Salim
2006) and change in maturation schedules due to
fishing pressure (Jennings et al. 1999; Woods et
al. 2003) are some of the factors contributing to
varying growth periods of fishes. This emphasizes
the need to determine the range of maturation
schedule.

Comparing the growth parameters of
L. bohar studied in different locations, it appears
that fish collected from the Davao Gulf has
smaller average maximum length (L_) compared
to studies done in New Caledonia and in the

TABLE 3  Comparison on the growth parameters of Lutjanus bohar in different locations (Martinez-Andrade 2003; Marriott
et al. 2007)

Source Method  Location (cl;;), (crI;)* (cg])g (Cﬁ'q")u

Loubens (1980) o New Caledonia 62.0L, 0.11 2.63 34.0

Marriott et al. (2007) (0] Great Barrier Reef, Australia 63.0L, 0.10 2.60 24.8

This study (2015) (0] Davao Gulf, Philippines 2891L, 0.81 2.83 20.8

NOTES: Otolith sections "Average maximum length * Asymptotic length
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FIGURE 4

Transverse section of a five-year-old Lutjanus
bohar (L,=210 mm) otolith showing the nucleus and
alternating opaque and translucent bands
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FIGURE 5 Otolith age and mass relationship for Lutjanus
bohar
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FIGURE 6 Fitted von Bertalanffy growth model of Lutjanus

bohar collected in Davao Gulf from February to June 2015
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Great Barrier Reef, Australia (Table 3). L. bohar
are bottom-oriented predators (Jobling 1995)
and the fishing methods used by local fishermen
may be limited as larger and older individuals
are found in deeper waters (Martinez-Andrade
2003; Marriott et al. 2007). Marriot et al. (2007)
also reported that the L. bohar individuals used
in their study were obtained through commercial
deep fishing and recreational spearfishing; hence,
their samples were large and many. Large sizes of
L. bohar are often feared for ciguatera poisoning
(Marriott et al. 2007). As mentioned, the most
common fishing methods used to catch this
species are spearfishing aided with compressor
and gill nets, and these factors may also account
for the low number of mature and larger L. bohar
specimens obtained during the entire sampling
period.

Furthermore, the asymptotic length and
growth performance index of L. bohar in the
Davao Gulf showed higher values, where K=0.81
and ¢=2.83. The resulting growth parameters
of L. bohar mean faster growth rate compared
to that of New Caledonia and the Great Barrier
Reef, Australia. While warmer temperature is
an evident environmental factor associated with
faster growth rate, the existing fishing pressure in
the Davao Gulf can also contribute to the changes
in the growth rate and maturity of L. bohar. This
has been reported in several other tropical reef
studies where heavy exploitation has caused the
decrease of relative abundance of certain fish
species, resulting to decreased average size (Russ
and Alcala 1989), earlier maturity, and smaller
size-at-maturity (Jennings et al. 1999).

Increase in growth rate results to earlier
maturation, and this is a manifestation of a
decrease in abundance of a population (Sadovy
1996). Coral reef fisheries tend to take out the
large and slow-growing species first among others
(Jennings and Polunin 1996; Friedlander et al.
2010). Since slow-growing fishes are vulnerable
to overfishing, their size and age at maturity
will eventually shift in response to exploitation
(Jennings et al. 1999; D’Alessandro 2010).
Moreover, life history characteristics are heritable,
and it is probable that L. bohar have inherited
these responses to exploitation (Sadovy 1996;
Jennings et al. 1999).

ojs.upmin.edu.ph



In temperate regions, Obrien (1999)
observed the same results where warmer
temperature during autumn may have caused the
faster growth and earlier maturation of Gadus
morhua stocks in the Georges Bank compared
to those in the Gulf of Maine. Exploitation
has also caused the decrease in size and age at
maturity among G. morhua stocks. This trend
was also observed in other lutjanid species where
Zhao and McGovern (1997) found out that
there was a decrease in both age and length of
maturation of vermilion snapper (Rhomboplites
aurorubens) stocks in the South Atlantic Bight.
They concluded that the decrease in size and
maturation of vermilion snappers was due to
intense overfishing, which heightened in 1980s.

Age at Maturity of Lutjanus bohar

Lutjanids mature from three to eight
years (Secretariat of the Pacific Community
Information Sheet 2011), and their maturation
schedule is influenced by fishing pressure,
predator and prey abundance, stock composition,
and other biotic and abiotic factors (Wooton
1990). Based on the outputs of VBGE, the age
at maturity of L. bohar in the Davao Gulf is
approximately six years old, referring to the
point where the growth curve starts to plateau
(Figure 4). This marks the transition from rapid
growth of the fish to eventual flattening of the
curve, where energy reserves dedicated for
growth are shifted towards reproductive purposes
(Ross and Biagi 1991).

The estimated age at maturity of L. bohar
caught in the Davao Gulf means that they
are maturing at an earlier time and smaller
size compared to L. bohar in Australia and in
other locations. Earlier sexual maturation is
attributed to prevailing environmental factors
such as warmer water temperature where fishes
in the tropics would have faster metabolic rates
(Kausar and Salim 2006). However, genotypic
and environmental factors can also influence the
changes in maturation schedule (Sadovy 1996).
These environmental factors include the effects
of intense fishing pressure, which can lead to
increased growth rate and consequent decrease
in mean maximum size, size at maturity, and age
at maturity (Russ and Alcala 1989; Sadovy 1996;
Jennings et al. 1999).
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Pet et al. (2005) added that the decrease
in the average fish size is a result of fishing
spawning aggregations. Their compensatory
response to their declining population is to
mature at an earlier time and at a smaller size
(Trippel 1995). Maturing at an earlier age allows
individuals to spawn over extended periods to
increase the probability of producing recruits
that will eventually reach settlement (Munro
1983). Although long-lived fish populations
such as L. bohar can have several age classes, it
is necessary that they will be buffered against
potential recruitment failure (Jennings and Lock
1996; Marriott et al. 2007). Fishing is among
the most exploitative activities on coral reefs
(Russ and Alcala 1989), and if not prevented, the
overexploitation of coral reef fishes may cause
their perpetuation to fail.

Summary and Conclusion

The otolith study on two-spot red snappers
(L. bohar) in the Davao Gulf, Philippines, was
conducted to determine the age structure and
estimate the age at sexual maturity of these
commercially important coral reef fish. The body
length and weight relationship revealed that the
growth pattern of L. bohar is isometric. Growth
performance equation (adapted from Pauly and
Munro 1984) was used to compare the growth
parameters of L. bohar in different locations.
Results show that L. bohar in the Davao Gulf
have faster growth rate and earlier maturation
compared to those in New Caledonia (Loubens
1980) and the Great Barrier Reef, Australia
(Marriott et al. 2007). The age truncation
observed in L. bohar accompanied by decrease
in size and earlier maturation may be attributed
to prevailing environmental conditions, but it
can also suggest their compensatory response to
existing fishing pressure in the Davao Gulf.
Additional samples of aged L. bohar can help
establish the entire growth curve, thus providing
a concrete explanation on the effects of fishing
pressure. Environmental parameters such as
chlorophyll-a and sea surface temperature should
be obtained with respect to the sampling period
to describe how food availability and temperature
influence their growth rate. Sex-specific data are
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necessary as reproductive behavior may vary
between males and females. While conservation
efforts have been made for small pelagic fishes
in the Davao Gulf, similar attention is needed
for commonly harvested reef fishes in the area
such as snappers, groupers, rabbitfishes, and
parrotfishes. Further studies regarding the
harvest rates and reproductive biology of L. bohar
should be made to instigate efforts on fisheries
management of these long-lived and highly
exploited fish species in the Davao Gulf.
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