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ABSTRACT

In the western Atlantic Ocean wahoo, Acanthocybium solandri, occur from
New Jersey to Columbia, including Bermuda, the RBahamas, the Caribbean Sea,
and the Gulf of Mexico. Although wahoo support recreational and commercial
fisheries throughout the Western Central Atlantic, adequate life history data,
including estimated size-at-age, for stock assessments are lacking. Sagittal
otoliths from wahoo (935 - 1,803 mm FL) caught in the recreational fishery
from the northern Gulf of Mexico during May - September 1997 and 1998 and at
Bimini, Bahamas in November 1997 and 1998 were examined o determine their
potential use for age estimation. Whole sagittae and transverse thin-sections of
sagittae viewed under transmitted and reflected light at 25 - 40x magnification
generally revealed a series of ridges and faint opaque marks on the posterior
portion of the distal surface of all whole sagittae and vague opaque marks on
thin-sections from some sagitiac. Aftempts to enhance the visibility and
contrast of the vague opaque marks (presumed growth zones) on thin-sectioned
sagittae included application of histological stains (Toluidine Blue, Eosine Y,
Neutral Red, and Analine Biue), etching with 5% EDTA followed by application
of histological stains, etching and staining with mixtures of 1% acetic acid and
histological stains, and digestion with proteinase K buffer. Etching and staining
techniques did not delineate growth zones nor did they expose any “concealed”
annual marks. Distinct opague bands were observed only on sectioned sagittae
from the two largest fish in the sample prior to the application of etching and
staining agents, and a 2-h application of acidified Neutral Red provided the
greatest visibility and contrast between presumed growth zones on those two
sagittae.
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INTRODUCTION

Wahoo, Acanthocybium solandri, are large, oceanic, pelagic fish of the
family Scombridac and are distributed worldwide in tropical and subtropical
waters (Collette and Nauen 1983). Wahoo seasonally extend into temperate
waters. In the south Atlantic Ocean wahoo occur from New Jersey to Columbia,
including Bermuda, the Bahamas, the Caribbean Sea and the Gulf of Mexico
(Robins et al. 1986). Wahoo are considered a migratory species throughout
much of the Western Central Atlantic (WCA) region (Hunte and Mahon 1985),
although little is actually known about its movements and seasonal migratory
patterns. Rivas (1951) reported that wahoo migrate seasonally through the
Florida Straits and along the Gulf Stream and are particularly abundant along the
north coast of Cuba during the winter. Wahoo are canght year-round in the
northemn Gulf of Mexico (Gulf), but apparently are most abundant there during
spring through fall. Wahoo appear to be most abundant off Bimini, Bahamas
during fall through winter.

Wahoo support important commercial (Luckhurst et al. 1997 and
recreational fisheries in the Gulf of Mexico, south Adantic Ocean, and Caribbean
Sea (Franks et al. In press). Wahoo are a highty prized game fish at Bimini
where prestigious wahoo fishing tournaments are held annually. Wahoo are not
managed in the territorial waters of the United States or the Bahamas.

Despite their importance, little is known about the age and growth of
wahoo from the WCA. Hogarth (1976) examined various life history aspects of
wahoo off North Carolina and reported estimated ages for his specimens based
upon examination of whole sagittal otoliths. Luckhurst et al. (1997) examined
the microstructure of sagittal otoliths from wahoo collected off Bermuda and
reported the presence of presumed daily growth increments. Franks et al. (In
press) examined dorsal fin spines from wahoo captured in the northern Gulf and
at Bimini, Bahamas to determine their potential as ageing structures,

Preliminary evaluation by us of transverse, thin-sectioned sagittal otoliths
from adult wahoo revealed vague, opaque areas that potentially represented
annular marks, Recent advances in otolith research have demonstrated that
chemical treatment such as etching and digestion enhance the visibility of
growth marks in difficult to interpret whole and sectioned otoliths (Richter and
McDemmott 1990, Shiao et al. 1999). Thus, in an effort to further examine the
potential of wahoo sagittal otoliths as ageing structures, we conducted a small-
scale experimental study to determine the effectiveness of specific etching,
digestion, and staining techniques to enhance the visibility and contrast of vague,
opaque marks (possible annual growth bands), as well as possibly expose
“concealed or obscured” annual growth marks, on transverse thin-sections of
wahoo sagittal otoliths.



Franks, J.S. et al. GCFi:52 (2001)

MATERIALS AND METHODS

Sample collection

We sampled wahoo caught by recreational hook-and-line gear in the
northeentral Gulf (June - September 1997, and May - June 1998) and, to a lesser
extent, at Bimini, Bahamas (November 1997 and 1998). Wahoo from the
northern Gulf were caught off the states of Lovisiana, Mississippi, Alabama, and
Florida in an area located north of lat. 29° and between long. 86°W and long.
80oW from waters that ranged 100 to 600 meters deep. Specimens from
Bimipi were caught in nearby Atlantic waters. We sampled specimens dockside
and at fishing tournaments and recorded pertinent biological data for most
specimens. Sagittal otoliths were extracted from specimens (57 males; 110
females), cleaned with water, air-dried, placed in vials with a collection number,
and archived unfil processed.

Selection and Processing of Sagittal Otoliths

Left sagittac were selected from a sample of adult males (n = 20, 1,100 -
1,390 mm fork length) and females (n = 20, 1,000 - 1,803 mm fork length).
Otoliths were embedded in epoxy resin and thin-sectioned transversely through
the core at thicknesses ranging from 03 - 0.6 mm using a Buehler Isomet low-
speed saw with a diamond blade. Sections were viewed under a dissecting
microscope at 25 - 40x magnification using transmitted and reflected light to
document any opaque marks.

Treatment of Otoliths

Based largely upon studies by Richter and McDermott {1990}, Deree (1999),
and Shiao et al. (1999), we selected two eiching agents, one digestion agent, and
four histological stains of various characteristics for our work. Our study
consisted of five separate experiments with sectioned sagittae:

i) staining with a 1% solution of four histological stains only (Table 1);

ii} etching and staining with an acidified solution (1% acetic acid) of each of the
four histological stains; ~

iii) etching with 5% ethylenediaminetetraacetate (EDTA):

iv) etching with 5% EDTA, followed by applications of each of the four stains,
and

v) digestion by proteinase K buffer (PKb) (T able 2). Times of exposure to
etching agents and stains varied somewhat, depending upon the particular
experiment, and ranged from a few minutes to several days.

Proteinase K (buffered) was selected for its potential to degrade the fibrous
proteins within thin-sections of sagittae. Components of the PKb mixture were
diluted from stock solution (Table 2). Sagitiae were digested with 0.2 ml PKb
in 1.5 ml Eppendorf vials at 45°C with gentle shaking for periods of time which
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ranged from 0.25 - 48 hours. Samples were periodically removed from the PKb
to assess the progress of digestion. Freshly prepared PKb was used for each
digestion.

Otolith sections were examined with both transmitted and reflected light
following staining, etching, and digestion techniques. Appraisals and general
conclusions on the appearance and general morphology of sectioned sagittae were
based upon the observations of three readers.

RESULTS

Untreated Otoliths

Observations of whole sagittal otoliths from adult wahoo under a dissecting
microscope at 24 - 40x magnification using both transmitted and reflected light
generally revealed a series of “ridges™ (or “steps™) and other features on the
posterior region (postrostrum) of the distal surface. The proximal surface,
which contained the sulcus, displayed a smoother exterior. The rostrum and
antirostrum  displayed a series diminutive marks (some conspicuous, some
vague) along the surface of their entire length. Transverse sections typically
revealed intensely opaque dorsal and ventral lobes with faint, opaque marks.
Some sections appeared exceedingly crystalline. With the exception of two
otoliths, “distinctive” opaque bands were not observed on any sections.

Table 1. Hislological stains and staining techniques.

Stain Color Specificity

Aniline Blue Blue Coliagen, cartilage

Eosin Y Red (Orange) Cytoplasm

Neutral Red Red Embryonic tissues
Toluidine Biue Blue Metachromic nuclear stain

Methods applied to each of the stains tested:

1. Sectioning and staining in 1% stain

2. Sectioning and staining in 1% stain in 1% acetic acid
3. Sectioning, etching with EDTA, and staining in 1% stain
Source: Richter and McDermott (1990); Deree {1999)

Treated Otoliths

Histological stains only — Otoliths from 10 fish were used in this eXperiment.
Application of the four stains to mounted and unmounted (not on slides)
sections did not enhance vague opaque bands and did not reveal any obscured or
concealed growth marks. Sections stained for < 0.5 hours appeared faintly
stained, and those stained for 0.5 - 2.0 hours became darkened without any
observable contrast in cross-section features,
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Table 2. Composition of Proteinase K buffer.

Stock solution Volume final
concentration Usage Concentration

Proteinase K 10mg 1 mg/ml
Tr-HCI (pH =8.0) 1M 0.1 mi 0.01 y
SDS

(Sodium dodecy! sulphate)20% 0.5 mi 1%

NaCi bn 0.02mi 0.01

Total volume of PKb is brought 1o 10 ml using distilied water.
Source: Shiao ef al. {1999)

Acidified histological stains — Otoliths from 20 fish were used in this
experiment. Application of the four acidified (1% acetic acid) histological stains
to mounted and unmounted sections produced poor results. Applications < 1
hour resulted in minimal etching and faint staining which did not enhance the
opaque marks and showed no contrast in any section features. Applications >1
hour resulted in the progressive destruction of sections, characterized by darkened,
ambiguous cross-section features.

EDTA — Otoliths from 10 fish were used in this experiment. Etching of
sections with EDTA from 0.1 - 1 hours produced no discernable enhancement of
cross-section featres, and presumably “obscured” bands were not revealed.
Etching for >1 hour essentiaily destroyed the sections.

EDTA and histological stains — Otoliths from 10 fish were used in this
experiment. Eiching with EDTA from 0.1 - 1 hours, followed by staining with
the four histological stains from 1 - 3 hours did not enhance the contrast or
visibility of features on mounted sections. Unmounted sections were not treated
with EDTA and histological stains.

Proteinase K buffer — Otoliths from nine fish were used in this experiment.
Digestion by PKb did not enhance any opaque marks on sections, nor did the
treatment reveal any “obscured” amnular bands. Digestion with PKb for 48
hours radically altered the surface morphology of sections and rendered them
unreadable.

Enhancement of bands: the exceptions — The exceptions 10 all sagittae

examined in our study were those from the two largest fish in our sample
(females; 1,780 and 1,803 mm FL). Those otoliths provided thin-sections that
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displayed narrow, moderately conspicuous opaque bands on their ventral lobe that
were not observed on any other sagittae. These bands were distinctly different in
their morphology and physical location on sections than were the faint, opaque
markings on sections that we originally considered as possible age marks.

Although the bands on the two sagitiae were discernable prior to any
chemical treatments, etching and staining did moderately enhance their visibility
and contrast against the background opaquencss of the ventral lobe. Among the
treatments used with the two otoliths, application of acidified Neutral Red for a
period of two hours produced the most obvious enhancement of opaque bands.
Sectioned sagitiac indicated the existence of 5 and 6 opaque bands for the 1,780
and 1,803 mm FL specimens, respectively. Since all sagittac were processed
identically, we are puzzled by the appearance of distinctive opaque bands only on
sagittae from the two large fish and by their absence on all other sagittae
examined. We questioned: were the opaque marks representative of annular
growth, and why were they not visible on thin-sections from all sagittae
examined?

DISCUSSION

Etching and digestion agents and histological stains used in our study did
not enhance the visibility of vague, opaque features observed in cross-sections of
most wahoo sagiltae, nor did the treatments reveal the existence of possibly
obscured growth zones in any sections. Distinctive opaque bands on sagittal
sagittae from the two largest wahoo in our sample were enhanced somewhat
when treated with acidified Neutral Red, and it is presumed that the etching agent
(acetic acid) reacted with surface CaCos, leaving the protein to react with the
stain.

Shiao et al. (1999) reported positive results using PKb on cross-sectioned
otoliths from two marine fish. They observed that enhancement of large
otolith increments, including annuli, often required several hours exposure to
PKDb to ensure visual enhancement, at least for otoliths which are amenable to
PKb treatment. Shiao et al. (1999) further noted that PKb may not be suitable
for use with highly calcified otoliths with scanty amounts of proteins. Perhaps
wahoo sagitiae qualify for this category.

Richter and McDennott (1990) observed that different types of otoliths
require different methods of etching and staining. The chemical agents and
procedures  used in our study were not effective for use with wahoo otoliths,
even though essentially identical techniques greatly enhanced the contrast and
visibility of vague daily marks and annular bands on otoliths {from species
examined by Richter and McDermott (1990}, Deree (1999), and Shiao et al.
(1999). Admittedly, those researchers did observe growth bands, albeit vague, on
most otoliths prior to chemical treatments, and, in retrospect, this is probably a
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prerequisite for the effective use of etching agents to enhance age-growth
features. However, etching is common practice for revealing growth marks,
some often totally obscured, on difficult to age otoliths (Haake et al. 1982,
Secor et al. 1991).

Perhaps further experimentation with:
i) different concentrations of etching agents and stains used in our study;
ii) entirely different etching agents and stains; and
jii} different exposure times, would result in more favorable resulis.

Conversely, perhaps there are no etching, digestion or staining procedures
available to enhance or reveal annular growth marks on cross-sectioned wahoo
sagittae. This assumes that wahoo annular growth is expressed within sagittal
otoliths in the form of alternating opaque and translucent bands.

Preliminary estimates of wahoo age based on evaluation of first dorsal fin
spine cross-sections (Franks et al., In press) suggested a relatively high growth
rate for wahoo, particularly for their first year of life, which is consistent with
Hogarth's (1976) findings based upon assessments of whole sagittal otoliths.

The oldest two fish in our spine assessment study were presumed to be 5
and 6 years of age, Incidentally, those were the same two fish that revealed 5 and
6 bands on their sectioned sagittae in this stdy. Ultimately, detailed
examination of whole otoliths (Luckhurst et al. 1997) may represent the best
procedure for estimating the age of wahoo.

Although our research did not advance the knowledge of wahoo age and
growth, our findings might be of some use to those concerned with age and
growth of wahoo from the WCA. Continued efforts by researchers ultimately
will result in accurate estimates of age and an understanding of growth rates, life
span, and age structure of the catch. Knowledge of wahoo age and other critical
life history aspects, as well as improved documentation of the recreational catch
and commercial landings within the WCA, are crucial for wahoo stock
assessments and the development of future management strategies throughout the
region.
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