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Abstract: Age and growth estimation in fishes using bony structures usually presents some disadvantages in the
analysis of growth rings due to the morphologic characteristics of the species. Therefore it is recommended to
examine more than one structure through direct observation and by applying statistical methods. The objective of
this study was to compare otoliths and cleithra of the grunt Haemulon steindachneri to validate adequate
structures for determining the age and growth of the species. Two hundred and fifty specimens were used; the
sample was captured by the handcrafted fleet of Southwest Margarita Island between September 2005 and April
2006. Otoliths and cleithra were removed from the animals and analysed with a magnification binocular glass and
reflected light. The percentage of bony structures with clearly legible and non-legible growth rings was verified.
Partial and total radiuses were measured, and the relation between the total length of the fish and the total radius
of the structure was established. These parameters were used later to estimate the back-calculated lengths for each
structure. A Fisher test was used to statistically compare the back-calculated average lengths of each group of age
from otoliths and cleithra. The back-calculation did not present significant statistical differences (p> 0.05) between
the four groups of age observed. The study concluded that both bony structures are statistically similar for age and
growth studies of H. steindachneri. Otoliths are recommended as the appropriate structure for presenting easily
removable and clearly visible growth rings without the need for any special treatment.
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I. INTRODUCTION

Age and growth studies are essential for fish stock assessment and fisheries management. These parameters together with
mortality and abundance are fundamental to implement the sustainable use of marine resources [1-4]. It is important to
know the minimum age at which a species should be caught and how long it takes for fish to reach that minimum length
[4,5]. Applying direct methods for age determination of fishes have some limitations, for example, in tropical ecosystems
establishing the relation between growth rings and environmental variables. Bony structures might provide evidence for
traumatic events such as a drop in the salinity during a windy season or spawning, which have a direct relation to changes
in the surface temperature and intense upwelling, for example, in the case of the sardine Sardinella aurita in Venezuela
[6,7].

Haemulon steindachneri is a sandy and rocky bottom fish from the Haemulidae family usually found up to 50 m depth.
This grunt grows around 20 cm total length (TL), and it is very abundant in sandy shallow waters and Thalassia sp
meadows. As with other grunts, it is a carnivorous fish from the tropical sea that feeds mainly on invertebrates [8]. Its
distribution comprises the western Atlantic Ocean from Guatemala to Brazil and the eastern Pacific Ocean from the Sea
of Cortez to Peru [9].
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In Venezuela, age and growth studies have been conducted using bony structures from H. Steindachneri [10,11]. This
methodology was valid in other Venezuelan marine species, such as Sardinella aurita [12,13], Cynoscion sp [14],
Eugeres plumieri [15], Lutjanus analis [16], Opisthonema oglinum [17], Lutjanus purpureus [18,19] and Dactylopterus
volitans [20]. The purpose of this study was to compare the lengths at previous ages back-calculated from otoliths and
cleithra and to establish the bony structure that is adequate to determine the age and growth of the grunt H. steindachneri.

Il. MATERIALS AND METHODS

Monthly samplings of H. steindachneri were carried out from September 2005 to April 2006 in Boca del Rio, Margarita
Island, Venezuela. Samples were provided by the local fishing community consisting of a handcraft fleet of 69 vessels
operating in the southwestern region of the island (10° 53° N - 64° 12° W; Fig. 1) [21]. A total of 250 fishes sampled from
the commercial catch were measured (TL) using an Ichthyometer Fish Measuring Board Wilco 118.
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Fig 1. Fishing area of Boca del Rio’s handcraft fishing fleet from Southwest Margarita Island, Venezuela

Otoliths: Sagittae otoliths were extracted from the fish by making a ventral cut with a scalpel and breaking the
basioccipital bone and the auditory capsule to expose the pieces, later they were removed using tweezers [2,22].
Subsequently, the parts were cleaned with warm water, regular soap, and a soft brush to remove the rest of the tissue.
Once dried, they were stored in labelled envelopes. A Magnification Binocular Glass Wild was used to read the otoliths.
The structures were immersed in a petri dish previously filled with glycerine, placed on a dark background, and reflected
with light [1]. The percentage of readable and non-readable otoliths was established. A micrometrical scale was adapted
to a 16X objective and used to measure the partial and total rings (Fig. 2).
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Fig 2. Sagitta otolith, showing the Centrum and the measurements for the analysis: partial and total radius (mm).
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Cleithra: Cleithra were removed from the pectoral girdle by making a cut with a scalpel from the gular region to the joint
between the post-temporal bone and the supracleithrum [10,17]. The parts were cleaned with warm water and a hard
brush to separate the rest of the muscle and tissue. Once dried, the pieces were stored in labelled envelopes. The same
methodology used with otoliths was performed to read the growth rings. The percentage of readable and non-readable
cleithra was established. A micrometrical scale was adapted to a 6.4X objective and used to measure the partial and total
rings (Fig. 3).
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Fig 3. Cleithrum, showing the supracleithrum process, upper alar-process, lower alar-process, central rib, centrum, and the
measurements for the analysis: partial and total radius (mm).

Data Analysis: The sampling information was entered into a Microsoft Excel sheet containing the following: date, TL,
partial radius and total radius (R) of both structures, and the back-calculation of the lengths. A linear regression
established the relation between the TL and the R of the structures, which was then used for the back-calculation
according to the Lea model [23,24]:

Li:ri/R(TL-a)+a

Where Li is the back-calculated length, ri is the partial ring, R is the radius of the bony structure, TL is the fish total
length, and a is the y-intercept from the linear regression. Subsequently, the average length of each group of age was
calculated [25]. The comparison of the back-calculated TL by the group of age was made by applying a t; test, and the
variance homogeneity was previously proved by an F-test with an a=0.05 confidence level [26-28].

Il. RESULTS

From the observation analysis, 96.2% of otoliths and 80.4% of cleithra were legible (TABLE 1). These proportions along
with the statistical results allowed determining the bony structure that was adequate for age and growth studies of H.
steindachneri.

TABLE I. Percentage of bony structures (otoliths and cleithra) from H. steindachneri with legible and non-legible growth rings.

Growth Rings

Bony structure Legible (%) Non-legible (%6)
Otoliths 96.2 3.8
Cleithra 80.4 19.6

There was no significant difference between the back-calculated lengths in both structures (TABLE I1).
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TABLE I1. Statistical comparison (F-test; p>0.05) between the average back-calculated lengths of the groups of age (L4, L,, L,
L,) through the analysis of growth rings (otoliths and cleithra) from H. steindachneri.

Average Back-Calculated Length by Group of Age (mm)

Ly L, Ls L,
Statistic | Otolith | Cleithrum | Otolith | Cleithrum | Otolith | Cleithrum | Otolith | Cleithrum
n 199 143 181 134 121 77 21 16
Mean 65.26 | 124.06 106.32 | 146.52 133.71 | 163.26 150.33 | 171.68
F=0.84 F=1.43 F=0.90 F=1.02
Test p>0.05 p>0.05 p>0.05 p>0.05

The length distribution was composed of four group of age presented by the same number of hyaline growth rings. The
length structure in otoliths was from 39 to 107 mm (Group 1%), from 65 a 149 mm (Group 2%), from 83 to 182 mm (Group
3", and from 113 to 189 mm (Group 4") (Fig. 4).
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Fig 4. Length frequency by group of age through the analysis of otolith growth rings from H. steindachneri.

The length structure in cleithra was from 86 to 161 mm (Group 1%), from 111 to 190 mm (Group 2%), from 125 to 202 mm
(Group 3%), and from 140 a 211 mm (Group 4%) (Fig. 5).
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Fig 5. Length frequency by group of age through the analysis of cleithra growth rings from H. steindachneri.

The Centrum and actual growth rings were clearly visible in both structures. It was possible to distinguish the overlapping
of false rings, which allowed to quickly establish the groups of age with minimum error [29]. The correlations between
the TL and the R were linear in otolith and cleithra (Fig. 6,7).
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Fig 6. Relation between the fish total length (mm) and the otolith total radius (mm) from H. steindachneri
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Fig 7. Relation between the fish total length (mm) and the cleithrum total radius (mm) from H. steindachneri

IV. DISCUSSION

Calculating the percentage of legible and non-legible growth rings in otoliths and cleithra was the qualitative approach to
establish the adequate bony structure for age and growth studies of the grunt H. steindachneri. However, it was important
to apply statistical methods to biometrics measures to optimise the results obtained from the growth ring analysis and
therefore establish an accurate age-length key [29].

The high correlation coefficient evidenced proportionality between the fish TL and the R of both bony structures. Values
of a>0 demonstrated a linear allometric growth, suggesting that the structures are not formed in the larval stage; instead,
they only appear when the fish has reached a post-larval length [3,4].

A previous similar study using scales and cleithra described three groups of age (17, 2*, 3") for H. steindachneri [10]; in
the present study, four groups of age (1%, 2*, 3%, 4") were found. This is an interesting outcome because the TL average is
similar in both studies. However, a possible explanation of this difference might be the sample size and period, which was
bigger and longer, respectively, in the present study, allowing us to achieve a representative sample of the population. No
individual from a group of age 0" was tested in this study most probably because these small fishes are not a target of
commercial handcraft catches from Southwest Margarita Island [21,22].

The similarity of the length frequency distributions of the groups of age found in the analysis of both bony structures and
the fact that no significant statistical difference (p>0.05) was observed in the back-calculation, indicate that both
structures are statistically valid to determine the age and growth of H. steindachneri. However, qualitatively, the otolith
was found to be an adequate bony structure for age and growth studies of the species. These structures are easy to extract,
to clean, and to analyse [1,2,22,29,30]. Therefore, it is recommended to use sagittae otoliths for determining the age and
growth of H. steindachneri due to the clearly visible growth rings that do not require special treatment for analysis (e.qg.,
cutting, staining, burning and polishing) [1,2]. Nevertheless, otoliths of H. steindachneri have an excellent size that
facilitates their location and handling.

The disadvantage of the cleithrum is the difficulty in the cleaning process. These bones present high lipid content, and the
muscular tissue is attached, complicating their lecture. These are structures that support the animal’s pectoral fins, and
therefore they keep an intense lipid activity related to their function and chemical composition. That is the case of
Haemulon album [31]. However, similarity with another study was found in the percentage of legible cleithra [10], which
increases the confidence of the qualitative approach.

Although knowing the formation of growth rings is beyond the scope of this study, it is relevant to mention that the
species growth ratio is most probably influenced by metabolic changes during the reproduction [22] or by the seasonal
variations that affect the availability of food as well as the sea mean temperature and salinity [6,14].

V. CONCLUSION

Otoliths and cleithra are bony structures that are statistically adequate for age and growth studies of the grunt H.
steindachneri, and we can recommend the use of sagittae otoliths since they are easily extractable, have clearly legible
growth rings, and do not require any special treatment for its analysis.
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