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Materials and Methods

Broodstock and artificial spawning

Longnose gar broodstock was obtained by electrofishing 
with the cooperation of the Ohio Division of Wildlife and the 
Aquatic Ecology Laboratory at the Ohio State University in 
Sandusky River, OH, in March 2005. Fish were acclimated 
to laboratory conditions for several weeks and fed live prey. 
Presumptive females (n=2) and males were identified and 
separated into groups of one female and three males. To induce 
the final maturation, fish were first injected with a hormone 
priming dose, followed by a resolving dose of OVAPRIM® 8 
hours later. Eggs were released by one female, and sperm was 
released by only 2 out 15 injected males. The ovulating female 
was stripped of eggs 48 h after a resolving dose and then sever-
al times within the following 24 h.  A male garfish was sacri-
ficed, and the sperm preparation was obtained from macerated 
testes to assure insemination. 

Feeding 

A feeding trial was setup when larvae were 11 days old (initial 
weight 37.3 mg, length 23.5 mm), and the fish were distrib-
uted into nine 35 L glass aquaria with 11 fish per tank. Control 
groups were fed with live Artemia nauplii. In two other treat-
ments we attempted to provide a formulated commercial diet 
(AgloNorse Ewos, Norway; 59% protein 16% lipids) for two 
days. However, no feeding was observed, therefore all groups 
were offered live Artemia nauplii for the four following days. 
The second attempt of weaning from live food into a commer-
cial diet (Aglonorse) (three tanks) was carried out when fish 
were 37.4 mm total length. At the same time a feed (Aglonorse) 
with 60 mg/kg 17α-methyltestosterone (MT) was offered to 
another three replicate groups of fish. Fish were fed ad libitum 
in 1–2 h intervals, 12 h daily, for 20 d. Growth as final mean 
weight and total length and survival was recorded at the end 
of this phase. After completion of the MT treatment (20 d), fish 
continued to be fed either live feed (juvenile Nile tilapia) or a 
commercial diet (Silver Cup 42–15%; protein-lipid ratio) ad li-
bitum in their initial tanks for four additional weeks. Fish were 
then combined into a single group for each dietary treatment, 
and stocked into three 400 l-tanks. Live feed group was offered 
live tilapia juveniles as food, and two other treatments (MT or 
not MT) received Silver Cup commercial diet provided with a 
belt feeder for 12 h a day. 

Gonad development 

Several fishes were fixed for histological analyses at the time 
of initiation of feeding with exogenous food, and at the time of 
completion of the MT treatment. Fish were processed by stan-
dard histological methods (paraffin embedding, H+E staining). 
The following specimens were chosen for the present study 
from live food fed group, with one exception: 23.5 mm TL 
(n=3) (11 days post hatching; dph; prior to exogenous feeding); 
44 mm total length (TL) (20 dph); 68 mm (39 dph; AgloNorse 
diet), 107 and 140 mm (98 dph; 3 months old) (n=1, each size).

Results

Induced spawning

Approximately 400 eggs were obtained from the injected 
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Figure 1: Mean body weight (A), total body length (B), and survival 
(C) at the +time of completion of MT treatment (20 days for 
feeding). There were no significant differences observed among 
treatment groups although numerically fish fed live food were 
twice as large as those fed a formulated commercial feed.
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female, vviable eggs were mostly obtained during the first 
stripping, and fertilization was negligible in the following 
partial ovulations. After incubation for six days at 18ºC, 106 
larvae hatched.

Feeding

Garfish showed no significant differences in body weight and 
length among dietary treatments due to a large variation in 
size (Fig.1a, b). Some emaciated fish were removed from the 
AgloNorse diet fed groups and counted as mortalities. How-
ever, overall survival was high (Fig. 1c). Attempts of cannibal-
ism were also observed on several occasions, particularly in 
the live Artemia fed group where mortality was solely due to 
cannibalism.

Gonad development

The body of the specimens prepared for histological analyses 
were divided into three sections as described earlier (Fig. 2a) 
and will be referred to as A, B, and C. This was accomplished 
to precisely locate the gonads at the very early stages of 
development as well as to document possible difference in 
structures or functions along the body axis. Gonadal crests 
(GCs), as undifferentiated gonads (Fig. 2b), were found in 
garfish as early as 11 dph at 23.5 mm (TL). Histological studies 
have shown that GCs are situated on both sides of the dorsal 
mesentery, and located under the opistonephros in the middle 
part (B) of the coelomic cavity. They consist of primordial germ 
cells (PGCs) surrounded by somatic cells. PGCs were easily 
identified by their large size, ovoid shape and large nuclei with 

a distinct outline (see also criteria described in Lin et al., 1997). 
During growth and development of the fish, gonadal crests 
progressed into the stage of gonadal folds that are attached to 
the dorsal body wall by a thin mesogonadium (Fig. 2c). Go-
nadal folds were observed for the first time in garfish of 44 mm 
TL (20 dph). The characteristic features of the folds were the 
presence of the regionally differentiated epithelium (Figs. 2d, 
e). On the lateral side of the cross-section, a layer of the high 
columnar cells covered the gonadal fold. On the medial side, a 
flat epithelium was present (Fig. 2e).

At the completion of the feeding experiment (39 dph) (Fig. 
1) the appearance of the urogenital sytem was macroscopi-
cally undefined (Fig. 3a). Furthermore, histological sections of 
the posterior part of the urogenital organ revealed that these 
structures could not be associated with either sex at this stage 
of ontogenesis (fish size).

Figure 2: Body of garfish divided into 3 segments (A, B, C) (a). Section 
in the middle of the body cavity. Gonadal crest (arrowhead) in 
fish at 23.5 mm TL (11 dph) without germ cells and epithelia; 
Op – opistonephros, S –  splachnoleura (b). Position of gonadal 
crests in body cavity. Fish at 44 mm TL (20 dph); Sm – swim 
bladder, I – intestine, S – stomach, O – pancreas, K – kidney, ar-
rowheads – gonads (c, d). Gonadal crests with primordial germ 
cells from fish of 44 mm (PGCs, arrowheads) in the middle part 
of body cavity (B), visible on the both sides of mesentery; V 
– vena caudalis, K – kidney, Sm – swim bladder (e).

Figure 3: Wolffian ducts (Wd and black arrowheads) of longnose gar, 
segment C, fish at 68 mm TL (39 dph), K and white arrowheads 
– kidney; a) macroscopic image, b) microscopic picture.

 Fish of sizes 107 and 114 mm, displayed gonads that contained 
some tubules with aligning cuboidal epithelium (Fig. 4). These 
canals, present inside gonadal folds, seem to be presumptive 
seminiferous tubules.  When completely formed these features 
will become the means of gamete release pathways in males. In 
adult males the sperm ducts will be connected with the excre-
tory part of the kidney to form the urogenital system (Ferrara 
and Irvin, 2001).

Mean weights after 71 days of continuous rearing of longnose 
gar in the present study were as follows: live feed group 15.2 
± 3.6 g, and 12.4 ± 3.0 g and 13.9 ± 3.8 g for the no MT and MT 
group, respectively.

Figure 4: Distal part of body cavity. Cross-section of the gonadal folds 
in fish at 107 mm TL (3 months old) with visible presumptive 
seminiferous tubules (arrowheads); Wd – Wolffian duct; Sm 
– swim bladder (a). Middle section of the body cavity. Cross-
section of the gonadal folds in fish at 139.9 mm TL (3 months) 
with differentiated mesogonadium (Me) and epithelia outside 
and inside gonad (arrowheads); Wd – Wolffian duct (b).
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Discussion

We conclude that garfish larvae/juveniles can be effectively 
transitioned from live brine shrimp nauplii to accept formulated 
diets at early larval stages. This is a promising finding, parallel to 
observations made by Contreras (personal communication) with 
tropical garfish and suggests that formulated diets can be used 
as a method to deliver substances affecting gonad differentiation 
(musculinization or feminization) in these species. The hormonal 
treatment could be included within the first week of exogenous 
feeding.

Gonads are highly specialized organs, as they constitute the en-
vironment for the multiplication and differentiation of germ cells 
into spermatozoa and/or egg cells (Timmermans, 1987). The pres-
ence of the presumptive germ cell structure, similar to gonadal 
crests and gonadal folds in garfish at size of 23.5 and 44 mm, 
respectively, were also observed by Allen (1911). The evidence 
provided by Allen (1911) was, however, incomplete as gonads 
were described in fish of 24 and 110 mm TL, and the intermediate 
sizes were not examined. We provide here the first evidence of 
the formation of the gonad based on the differentiation of PGCs 
within the envelope of somatic cells. 
The significant finding of the present study is the notion that the 
somatic part of the gonad may undergo sexual differentiation 
earlier than the germ cells.  It is known that PGCs are kept in a 
resting stage whereas all other tissues multiply actively (Timmer-
mans, 1987). Therefore, the presence of a seminiferous seminal 
duct in fish at 107 mm is the signature of maleness and suggests 
that gonadal sex differentiation in garfish occurs early in age and 
size. We illustrate in Fig. 4 that the gonadal gender, in the present 
case toward testis, possibly exists in longnose garfish at the age of 
three months. This result also illustrates a difference between gar-
fish and white sturgeon, which are closely related as members of 
the class Actinopterygii. Gonadal sex differentiation in fish from 
the order Acipenseriformes occurs between 1 and 5 years of age 
(Eenennaam and Doroshov, 1998). For the most part, the teleosts 
posses rudimentary gonads which undergo a period of slow 
somatic growth with apparent histological differentiation and an 
accelerated increase of PGCs (Lin et al., 1997). Germinal activity, 
which can last for months (eel, Anguilla) or years (sturgeon, Aci-
penser), depends on the fish species (Grandi and Colombo, 1997; 
Strüssmann and Nakamura, 2002). 

Because of the presence of gonadal crests with PGCs in garfish 
at a size of 23.5 mm, and the early differentiation of gonads, we 
conclude that hormonal treatment (masculinization) can be ap-
plied in garfish from the time of beginning of exogenous feeding. 
A particular aspect of this result is the finding of male differentia-
tion occurring earlier than in the female, although this requires 
more individuals to be examined. Description of intersex gonads 
in sturgeon (Jackson et al., 2006) also poses the question of mor-
phological differentiation of the presumed hermaphrodites. In 
general, the assumption that the differentiation into the male gen-
der occurs at an early stage contradicts earlier assumptions that 
“undifferentiated gonads” proceed from the beginning through 
an all female phase or intersex phase prior to actual differentia-
tion into ovaries or testes (Strussmann and Nakamura, 2002). 
In this case, which is commonly referred to as “differentiated” 
gonochorism, ovarian and testicular differentiation proceeds di-
rectly from the undifferentiated gonads even though both events 
may not occur simultaneously (Strussmann and Nakamura, 2002; 
Jackson et al., 2006). 
 

Anticipated Benefits

Present findings are significant because they provide the evidence 
for the first time that rearing of longnose gar can be achieved in 
controlled conditions and it is an excellent surrogate species for 
tropical gar. These findings on the dynamic of gonad differentia-
tion are applicable to tropical gar. In further studies we will focus 
on the description of the morphological development of testis 

in masculinized specimens, however, this will require sampling 
individuals of 2-3 years of age to confirm functional maleness 
(sperm production). 
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Abstract

Two major bay systems in Mexico, which are the focus of collaborative efforts for international integrated coastal zone manage-
ment efforts, Bahia Santa Maria (BSM) in Sinaloa and Marismas Nacionales in Nayarit are home to growing oyster industries. 
Oyster farming in Nayarit has a 30-year history while women’s producer groups in BSM are just beginning. In Nayarit, farming 
has been demonstrated to be a viable alternative to fishing for coastal communities, particularly because women have a high 
level of participation, both in production and processing. Two oyster species are commonly cultivated along the Pacific coast-
line. Crassostrea gigas seed is imported from the US and used for remote setting in Mexico, mainly along the northern extent of 
the coast. A native species, Crassostrea corteziensis, has sufficiently high levels of localized spat set to support a limited industry, 
mostly confined to Nayarit and two newer farms in Sinaloa. There is also growing interest in other native bivalve species, so it is 
hoped that the outcomes of this effort to improve shellfish sanitation will have wider benefits.

Among the obstacles to progress is the questionable water quality in bivalve growing areas. Increasing populations and pollu-
tion in coastal areas threaten the safety and economic viability of the growing oyster culture industry. Opportunities also exist as 
many areas are still relatively pristine and produce a high quality and safe product. Previous work found that the ability to assure 
product safety, transport, and market in other areas and to produce value-added products could greatly increase the direct socio-
economic benefits this industry provides to coastal communities. There is also a possibility that shellfish could be exported to the 
US, as two Mexican farms are already doing, if water quality and the regulatory framework is such that growing areas could be 
classified according to US standards. 

Because both the existing Mexican and US protocols and standards would require at least one year of intensive water quality monitor-
ing to classify a growing area and because these areas are extensive, attempting to classify them is not a trivial task and resources do not 
exist to undertake large-scale monitoring efforts. The first, more feasible option is to conduct rapid assessments that include shoreline 
surveys and preliminary water quality monitoring to eliminate any areas which could be conclusively barred from consideration 
and to identify the areas most likely to be able to meet standards in the future. Once these areas are identified, intensive monitoring 
efforts could then be conducted in a more cost-effective manner in narrowly targeted geographic areas of the two bays. Participants 
in this work include Universidad Autónoma de Sinaloa, Pacific Aquaculture and Coastal Resources Center/University of Hawaii at 
Hilo, University of Hawaii Sea Grant College Program, Ecocostas, Coastal Resources Center/University of Rhode Island, Louisiana 
State University Sea Grant College Program, CESASIN, CREDES, Autonomous University of Nayarit, oyster farming cooperatives of 
Nayarit, and women’s groups of BSM. Investigation 12AHH2, “Outreach and Planning for Implementation of Bivalve Growing Areas 
Classification and Related Sanitation Action Items,” is complementary to this investigation and constitutes a planning, regulatory, and 
outreach component.
Working closely with local stakeholders, progress to date includes identification of the oyster growing sites and water quality 
monitoring sampling stations. Two workshops have also been held with the full range of stakeholders concerned with this work 
including aquaculturists, federal and state government representatives, researchers, students, and oyster vendors to present the 
objectives of the work, preliminary results, and to build constituency for development of an integrated management plan for the 
estuary. First steps have been taken towards drafting of a management plan with full involvement of the stakeholders.
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Abstract

Culture of oysters and other bivalve species is a growing opportunity for aquaculture along the Pacific Mexican coast. Bivalve 
culture, and the need for sanitation protocols to assure the safety and quality of the shellfish products are relatively new topics 
for the Pacific Mexico region. As efforts to diversify aquaculture through strengthening of shellfish culture are underway and 
as consumer awareness of the potential dangers of consuming aquatic products increases, measures to assure the production 
of safe shellfish and other aquaculture products are needed. This activity is linked to Investigation 12AHH1 “Water Quality 
Monitoring and Identification of Pollution Sources Leading towards Classification of Bivalve Growing Waters,” and will be 
aimed at disseminating the findings of that study and raising awareness of the issues associated with shellfish sanitation and 
other aquaculture products. Researchers, extension agents, and government officials will then work together to identify strate-
gies and resources to implement recommendations stemming in part from Investigation 12AHH1 as well as the outcomes of 
the Year 10 work. A wide range of environmental, community, and product sanitation issues were identified during study of 
finfish, shellfish, and shrimp operations. 

Particular attention will be paid to monitoring and classification of shellfish growing waters and actions targeted towards mitigating 
major sources of pollution that are affecting aquaculture as a whole. Previous work in Bahia Santa Maria (BSM) by the members of the 
Sinaloan working group has already developed tools and strategies that have led to positive improvements in community sanitation 
and water quality. Expansion of these efforts within the BSM system and replication in Nayarit would contribute to an increased prob-
ability that shellfish growing areas could be classified as approved and that other aquaculture sanitation problems could be addressed. 

Specifically, this work will raise awareness among key institutional and community stakeholders about the major issues associ-
ated with aquaculture sanitation. Stakeholders will be educated about the technical and legal requirements for safe production 
of bivalves. Findings, outcomes, lessons learned, and strategies will be disseminated to the authorities and key stakeholders 
so that joint development of strategies and resources to implement programs for classification of shellfish growing waters 
and other strategies related to community sanitation and water quality can take place. An implementation plan for the above 
mentioned topics will also be developed. Participants in this work include Universidad Autónoma de Sinaloa, Pacific Aquacul-
ture and Coastal Resources Center/University of Hawaii at Hilo, University of Hawaii Sea Grant College Program, Ecocostas, 
Coastal Resources Center/University of Rhode Island, Louisiana State University Sea Grant College Program, CESASIN, CRE-
DES, Autonomous University of Nayarit, oyster farming cooperatives of Nayarit, and women’s groups of BSM.

Two workshops have also been held with the full range of stakeholders concerned with this work including aquaculturists, 
federal and state government representatives, researchers, students, and oyster vendors to present the objectives of the work, 
preliminary results, and to build a constituency for development of an integrated management plan for the estuary. First steps 
have been taken towards drafting a management plan with full involvement of the stakeholders. Awareness has also been 
raised among the oyster farmers and government representatives as to the need for a shellfish sanitation plans and the require-
ments of such a plan to assure product quality within the Mexican regulatory framework and secondarily, within that of the 
US, anticipating future export possibilities.




