Abstract.—Seventy-five shovelnose
guitarfish, Rhinobatos productus, were
collected between November 1988 and
January 1991 near Long Beach, Cali-
fornia, to determine age, growth, and
sexual maturity. Thirteen guitarfish
were kept in captivity and injected with
Terramycin to provide a time mark for
growth analysis. Later, vertebral cen-
tra were examined for opaque band for-
mation, and there were positive results
in two individuals. Quter margin analy-
sis of centra from captive and field-col-
lected guitarfish indicated that opaque
bands formed between August and De-
cember. Guitarfish were aged to 11
years, and growth appeared to be best
represented by a linear growth equa-
tion, TL = 43.33 + 6.90x, where TL =
total length and x = estimated age in
years. Analysis of reproductive tracts
showed that female guitarfish matured
at 99 cm (estimated age at seven years).
Clasper length and width indicated
that males matured at 90-100 cm (es-
timated age at eight years).
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Recently, a Federal fishery manage-
ment plan was initiated for some
large coastal and pelagic species of
sharks of the eastern seaboard of
the United States (NMFS!). Regu-
lations on shark fisheries are impor-
tant not only because they affect
fisheries but because they set an
example to be followed by other
coastal areas. Many species of elas-
mobranchs are highly migratory;
thus regulations are necessary on
a broader scale if they are to be ef-
fective management tools.

Elasmobranchs tend to have slow
growth and low fecundity (Holden,
1973); thus, overexploitation of a
species is possible. Fortunately, re-
cent collection of age, growth, and
reproductive data on elasmobranchs
has helped provide some of the
baseline information necessary to
manage many species.

The shovelnose guitarfish, Rhino-
batos productus, is a common
coastal ray found in temperate wa-
ters along the Pacific coast of the
United States from Baja California
to San Francisco (Miller and Lea,
1972). Although not a highly prized
commercial catch, it is edible and
is often found in fish markets la-
beled as generic “shark steak” and
sold on piers in Santa Barbara, Cali-
fornia, as “fish n’ chips.” Guitarfish

is not sold as “guitarfish” on restau-
rant menus; however it may become
a popular fare in the future as a
substitute for shark. Furthermore,
dried guitarfish are sold in large
numbers as curios in shell shops
from central California to Baja Cali-
fornia. The majority of guitarfish
sold for human consumption are the
larger, mature individuals; how-
ever, curio and shell shops tend to
sell all sizes, especially newborn
pups. Congeners of Rhinobatos are
particularly targeted for commer-
cial sale in other areas of the world
including Peru (Tresierra et al.,
1989) and Brazil (Lessa and Vooren,
1986). Currently, in southern Cali-
fornia, commercial landings of gui-
tarfish are grouped under benthic
shark species and not recorded as
guitarfish.?2 Most literature on R.
productus is contained in field
guides and California Fish and
Game publications (Roedel, 1953;
Miller and Lea, 1972; Lane and Hill,
1975; Eschmeyer et al. 1983; Tal-
ent, 1982, 1985) usually with no
more than brief mention of some of

! NMFS. 1993. Fishery management
plan for sharks of the Atlantic Ocean.
Prepared for the U.S. Dep. Commer., Natl.
Mar. Fish. Serv., NOAA, 167 p.

2 Vojkovich, M. 1994. Dep. Fish and Game,
Long Beach, CA90807. Personal commun.
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its life history aspects, such as maximum size and
food preferences. One particular aspect of guitarfish
behavior is that large numbers of them are often
found in shallow embayments, such as Elkhorn
Slough and Mugu Lagoon, California, and Almejas
Bay, Baja California, México. In these areas, they
are easily captured with a seine net and are thus
particularly susceptible to fishing pressure.

Because elasmobranchs tend to be exploited be-
fore regulatory measures are in effect (Pratt and
Casey, 1990), it is necessary to determine age and
growth relationships and size at sexual maturity of
R. productus prior to increases in fishing pressure.
The results of this study provide basic information
for management of guitarfish, should it become more
popular as a food item.

We have incorporated the following methods of age
determination into this study of the age, growth, and
sexual maturity of guitarfish: 1) a laboratory analy-
sis of the vertebral bands and their outer margin
state (translucent or opaque) in order to assign ages
to individuals; 2) a study of growth in captivity to
verify estimated growth from the laboratory analy-
sis; and 3) a determination of age at sexual matu-
rity. The main focus of this age and growth study is
based on an examination of vertebral centra and their
use in ageing guitarfish.

Methods

Age and growth

Seventy-five guitarfish were collected between No-
vember 1988 and January 1991 from the waters be-
tween Seal and Redondo Beaches, California (Fig.
1). Guitarfish were captured by hook and line, gill
net, otter trawl, long line, or beach seine, and then
frozen. Lengths were measured with a tape measure
to the nearest centimeter over the contour of the dor-
sal portion of the guitarfish and included total length
(TL), disc width (DW), first dorsal fin length (1D),
and second dorsal fin length (2D) (Fig. 2). The con-
tour measurement over the dorsal portion provided
a more precise measurement of the first and second
dorsal fin lengths. This method will increase the to-
tal length measurement and should be taken into
consideration if comparisons are made with lengths
of guitarfish in this study.

The only portion of the guitarfish that is available
in fish markets is the trunk and tail or loin region,
which includes the two dorsal fins. Therefore, we
included the measurement of the distance from the
origin of the first dorsal fin to the origin of the sec-
ond dorsal fin (2D) to facilitate future predictions of
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Figure 1

Study sites where guitarfish, Rhinobatos productus. were col-
lected along the coast of southern California. A = Redondo Beach,
B = Palos Verdes, C = San Pedro, D = Long Beach, E =Belmont
Shores, and F = Seal Beach.

total length from market fish. Damp weight was
measured for all guitarfish with a spring balance.
Ten vertebrae were removed from each guitarfish just
anterior to the first dorsal fin for analysis. The larger
vertebrae were located just posterior to the eyes;
however, they were not used because removal of these
vertebrae would have interfered with dissection of
the female reproductive tract. Each guitarfish was
assigned a code number and this became the only
identifying feature for each guitarfish for the remain-
der of the study. Vertebrae were cleaned by placing
them in a dermestid beetle colony. The beetles con-
sumed almost all muscle and connective tissue; the
only remaining tissue was a cone-shaped membrane
(membrane elastica externa) on the centrum that was
easily removed from the dry vertebrae with fine for-
ceps. Cleaned and dried vertebral centra were viewed
whole with a Wilde dissecting scope with transmit-
ted light within a dark field. Ten vertebrae from each
guitarfish were examined to determine consistency
of band formation within an individual. If all verte-
brae for an individual guitarfish contained the same
number of bands, then two of those vertebrae were
used for three separate readings. Those having vari-
able band counts or unreadable vertebrae among the
ten vertebrae were discarded. Opaque bands present
beyond the birth mark were counted (Fig. 3). Rings
within bands were not always discernible as sepa-
rate rings; therefore, bands were determined to be
the most useful increment. The birth mark was de-
fined here as the centermost opaque portion (first
band) of the centra. It was present in the smallest of
the guitarfish and was in the same position in all
larger specimens. This birth mark is similar in place-
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Figure 2

Diagram of the shovelnose guitarfish and the body measurements taken. TL = total length, DW
= disc width, 1D = first dorsal length, and 2D = second dorsal length.

Figure 3
Examples of band formations in the vertebra of a 125.5-cm guitarfish (A) and a 28.8-cm guitarfish (B). The birth
mark (b) appeared in all three vertebrae. Band formations (c) were poor towards the outer edge of the centra of the
larger individual (A), and this individual was not used in the age study. Poor band formations were indicative of
individual guitarfish with deformed vertebral columns.
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ment to that found by Cailliet et al. (1983) in the
blue shark, Prionace glauca, and Casey et al. (1985)
in the sandbar shark, Carcharhinus plumbeus. Di-
ameters of vertebral centra were measured with an
ocular micrometer at 12x magnification. Each verte-
bra was read three times, one month apart, and those
vertebrae in which all three readings agreed were
used in the final analysis. To determine periodicity
of band formation, the condition of the outermost
band was recorded as either translucent, opaque, or
undetermined. Ages were assigned to guitarfish on
the basis of the number of opaque bands.
Statistical analyses included least squares regres-
sion analysis to provide predictive equations for es-
timates of TL from centrum diameter, TL from band
counts, TL from second dorsal fin length (2D), and
age from TL. Regression parameters were obtained
with SAS PC software (SAS, 1985). Male and female
growth curves were constructed from von Bertalanffy’s
growth curve equation (von Bertalanffy, 1938):

Lt =L (1_ e—k(!—lo))’

where L, = total length at time ¢;
L_ = maximum theoretical length of species;
k = growth constant;
t, = theoretical age at zero length; and
t = estimated age.

The von Bertalanffy growth equation was fitted by
using FISHPARM (FISHPARM software [Prager et
al., 1989]) to estimate the growth constant £ and was
compared to a linear least squares regression by us-
ing the same data.

Growth rate of guitarfish in captivity

The main purpose of the captivity study was to de-
termine if Terramycin (manufactured by Pfizer Ag-
ricultural Division) produced a readable time mark
in vertebral centra of guitarfish. The study was de-
signed to maintain guitarfish in captivity for at least
one year to determine the temporal periodicity of band
formation and growth rate of guitarfish in captivity.
Over a two-year period, 13 guitarfish (five males
and eight females) were taken live and placed in an
outdoor saltwater tank at California State Univer-
sity, Long Beach, California. Before guitarfish were
introduced into the tank, we repeatedly measured
TL, DW, 1D, and 2D until we obtained consistent,
repeatable measurements. Guitarfish were first
weighed, and then injected with Terramycin (dos-
age=0.5 mg/kg). Terramycin was injected with tuber-
culin-type syringes in the epaxial musculature,
within two centimeters of the skin surface. Guitar-

fish were fed every other day a diet of anchovy, mack-
erel, mud shrimp, ghost shrimp, and squid.

When a guitarfish died in captivity, it was used for
vertebral and reproductive analysis. Vertebral
growth (beyond the time mark) was measured with
the aid of a Wilde dissecting scope and ultraviolet
flashlight (Fig. 4). Because time marks could be seen
only under ultraviolet light and the opaque band for-
mation could not be seen under ultraviolet light,
transmitted light was used immediately after the
ultraviolet light to compare the time mark with the
opaque band position. This method allowed deter-
mination of whether a translucent or opaque band
had formed after the time mark.

Reproductive maturity

Thirty-six female guitarfish were dissected for ex-
amination of their reproductive tract. Mature indi-
viduals were categorized into one of three visual
stages: Stage 1—shell gland not differentiated from
uteri, uteri empty, small follicles present; Stage 2—
shell gland and characteristic diagonal white band
pattern within it forming, large Graafian follicles
present, uteri thick; and Stage 3—uteri full, large
Graafian follicles present. Immature individuals had
no visible egg follicles, uteri were thin and transpar-
ent, and shell glands consisted only of a slight bulge
in the upper portion of the uteri. These stages were
distinct; any female guitarfish, upon dissection, could
be categorized by using these criteria. No dissections
were made for male guitarfish. The maturity of male
guitarfish was determined by measuring the clasper
width and length and by comparing the clasper length
to total length, as well as by visual examination.

Results

Age and growth

Growth of the vertebrae was proportional to the
growth of the guitarfish, as evidenced by the signifi-
cant positive relation between centrum diameter and
total length for females and males (females: 72=0.98,
n=27, P=0.0001; males: 72=0.96, n=31, P=0.0001; Fig.
5). The number of bands per vertebra correlated
strongly (r=0.92, n=42, P=0.0001) with the diameter
of the centra, indicating that individuals having more
bands had larger centra. Similarly, the number of
opaque bands present in any individual was higher
in larger guitarfish; the regressions were significant
for females and males (females: r2=0.95, n=19,
P=0.0001; males: 2=0.78, n=24, P=0.0001). A Pearson
correlation matrix analysis of total length, centrum
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Figure 4

Comparison of Terramycin-injected guitarfish vertebrae (A and C) with control (B). The guitarfish vertebral column
(C) was removed from a 27-cm individual that had been injected with Terramycin one month prior to its death in
captivity. Note the yellow Terramycin band on the outer edge of the vertebra (A), and the Terramycin incorporation
on the entire outside of the vertebral column (C). The control vertebra (B) was from a 37-cm guitarfish sacrificed
immediately after capture.

diameter, and number of opaque bands further em-
phasized the strong relation between the three vari-
ables for males and females combined (opaque bands
and TL: r=0.92, n=43, P=0.0001; centrum diameter
and TL: r=0.99, n=60, P=0.0001; for opaque bands
and centrum diameter see above).

Growth zones formed at approximately the same
time each year, as was evident from examination of
centra of two captive guitarfish. One of these guitar-
fish was injected with Terramycin in December 1989
and in July 1990 and was held in captivity for 13
months. The first Terramycin mark (closest to the
focus of the centrum) was found at the peripheral
edge of an opaque band (Fig. 6A). We do not know if
the opaque band had formed prior to the injection or
during the same month as the injection because the
Terramycin may have diffused into the opaque band
region. It was clear, however, that the mark was the
same distance (0.07 cm) from the outer margin of
the centrum as the peripheral edge of the opaque
band. From the periphery of the opaque band to the

outer margin of the centrum, a translucent band was
present; and the outer margin of the centrum con-
tained the other Terramycin mark. The predicted
growth (0.029 cm) of this centrum (with the formula
in Fig. 5) was lower than the actual growth of 0.07
cm and shows that individuals probably vary in
growth, especially in more optimal laboratory condi-
tions. A second guitarfish was first injected in Octo-
ber 1989 and again in July 1990. This guitarfish lived
for 14 months and had completely formed one opaque
band during this period (Fig. 6B). This opaque band
was formed after the October injection, and a trans-
lucent band was present beyond the opaque band to
the outer margin of the centrum. The outer margin
of the centrum showed the second injection mark at
the periphery of the translucent zone at the time of
death in January 1991. For this guitarfish, the pre-
dictive equation (Fig. 5) estimated centrum growth
to be 0.062 cm; it was actually 0.053 cm. In both gui-
tarfish, opaque band formation occurred sometime
between the months of October and December fol-
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lowed by translucent band formation. The remain-
ing eleven guitarfish were held in captivity for six
months or less. Eight of the eleven were injected with
Terramycin and did not show any growth beyond the
Terramycin mark on the vertebrae and each had
grown less than one centimeter in total length. Three
control guitarfish (no injections) lived 10, 50, and 72
days in captivity and showed no gain in length.
Analysis of the outer edges of the centra with re-
gard to periodicity of band formation provides fur-
ther evidence for opaque band formation between
October and December. Eight out of 17 guitarfish
collected between October and November had opaque
outer margins, whereas none of the 34 other guitar-
fish collected during the other months (excluding
August) had opaque outer margins. Three guitarfish
caught in August showed opaque formation on the
outer margins. A two-way test of independence indi-
cated rejection of the null hypothesis that opaque
band formation was independent of month (group
1=January-June, group 2=August—November;
G(adjusted)=18.94, df=1, P=0.00003). Therefore, it
appears that opaque bands form from late summer
(August) into fall (November). There was no pro-
nounced relation between outer margin width and
months of the year, probably indicating variation of
growth within individual guitarfish. Another way to
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Figure 5
Least squares linear regression of total length on centrum
diameter.

interpret these findings is to suggest that guitarfish
lay down opaque bands bi-yearly (every other year).
If this is the case, then the guitarfish were twice as
old. However, the band formations found in the two
captive guitarfish led us to assume that opaque bands
were formed once per year.

Assigning ages under the assumption of the an-
nual formation of one opaque and one translucent
band, we found that both males and females ranged
in age from one to 11 years. Females ranged from 25
to 130 cm TL. Males ranged from 23 to 114 cm TL.
Percent agreement in band counts from three sepa-
rate readings of two vertebrae from each guitarfish
showed 73.8% in total agreement (43 guitarfish),
16.4% disagreement + 1 band (10 guitarfish), 6.5%
disagreement + 2 bands (4 guitarfish), and 3.3% dis-
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Figure 6

Examples of opaque band formation indicating seasonal
formation of bands (no photograph was available). The dia-
grams of centra represent rays in the captive study that
were injected twice with Terramycin. T, = first injection,
T, = second injection, TZ = translucent zone, and D = cen-
trum diameter. Gray areas indicate opaque band areas and
are not to scale. Example A was held alive in captivity for
13 months, and example B was alive for 14 months.
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agreement + 3 bands (2 guitarfish). Only bands in
total agreement (from 43 guitarfish) were used in
the final analysis.

The linear model best represented growth of com-
bined sexes of guitarfish because the coefficient of
determination was 0.90 for the linear regression, and
0.81 for the nonlinear von Bertalanffy curve (Fig. 7:
Table 1). For females only, the linear regression and
the von Bertalanffy curve produced similar values
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Figure 7

Growth of the guitarfish predicted by a linear regression
(dotted line). The solid line represents a von Bertalanffy
growth curve for the data. Equations are those used to cal-
culate the regression.

for the coefficient of determination (r2=0.95, and
r2=0.94, respectively). For males, the linear regres-
sion also appeared to be a better predictor (72=0.78)
than the von Bertalanffy curve (r2=0.70; Table 1).
Residuals for both the linear regression and the von
Bertalanffy model (females and males) clustered
evenly about both sides of the prediction lines. There
was no reason to suggest any violation of homo-
scedasticity in either model.

If it is necessary to predict the total length of a
specimen from fish markets using only the tail re-
gion of the guitarfish, the following equation is sug-
gested (Fig. 8):
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Figure 8
Predictive relationship for total length of guitarfish based
on their second dorsal fin length.

for combined sexes (n=43).

Table 1

A comparison of linear regression parameters and von Bertalanffy parameters for male (n=24) and female (n=19) guitarfish and

Linear regression parameters

von Bertalanffy parameters

Y-intercept Slope r2 L, k t, r?
Female 34.02 8.29 0.95 594 0.016 -3.80 0.94
Male 47.00 6.32 0.78 142 0.095 -3.942 0.70
Female and male 43.33 6.90 0.90 228 0.047 —4.030 0.81
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TL =6.01+5.56(2D),

where TL = estimated total length of the guitarfish;
and
2D = second dorsal length (when 2D >3.5 em
and <20 cm).

Reproductive maturity

The smallest sexually mature female guitarfish was
99 cm TL and was estimated to be seven years old,
based on vertebral band counts. Developing ovaries
were present in 26 specimens from 40 to 99 cm TL.
These individuals showed no evidence of previous
birthing or egg follicles: uteri were thin walled and
shell glands were not distinguishable from surround-
ing oviducts. Immature female guitarfish accounted
for the majority of specimens taken (27 of 36).

A well-developed shell gland (nidimental gland)
was present in mature shovelnose. Females with full
uteri contained a case as described by Cox (1963) for
Rhinobatos. . In four individuals with full uteri, no
developing embryos were seen in any of the speci-
mens. These specimens contained either four or five
yolks within the right or left egg case and, with the
exception of one specimen, had nine total yolks per
mature female. These four fish were captured in Feb-
ruary (one), April (one), and June (two).

Male guitarfish reached maturity between 90 and
100 cm TL. At maturity there was an abrupt increase
in clasper length and claspers extended well beyond
the pelvic fin (Fig. 9). Claspers of mature males were
at least 13 cm in length, and clasper width at matu-
rity was at least 1 cm. A well-developed spur was
present on both claspers in mature males and was
not present in immature males (Fig. 10). Immature
male squaloid sharks also lack spines (Applegate,
1967). Twelve of the 38 sampled were mature and 26
were immature.

Discussion

Age and growth

The shovelnose guitarfish is best described as a slow-
growing species typified by linear growth after par-
turition. Our total estimated age range (one to 11
years) for R. productus was the same that Lessa
(1982) found for R. horkelii. Her specimens were also
in the same size range as R. productus (20 to 120
cm). Rossouw (1984) found ages 0 to 6 years in R.
annulatus, and his largest specimen was 99.3 cm.
Age estimates in this study were based on the as-
sumption that one opaque and one translucent band
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Relation of clasper length with total length for males.
Clasper length beyond 10 cm indicates a mature individual.
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Figure 10
Two examples of male claspers (left ones only) indicating
mature condition (A) and the immature structure (B): a =
left pelvic fin, and b = spur.
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are formed annually. One verification procedure, ex-
amination of individuals held in captivity, provided
support for the outer margin analysis; however, this
analysis was based on only two specimens. The sec-
ond verification procedure, outer margin analysis of
field-caught specimens, indicated that band forma-
tion was dependent on season; however, there was
no correlation between width of the outer margin and
month. Early band formations at the margin can be
difficult to detect with whole centra. To avoid this
difficulty we tried sectioning the centra; however,we
were unable to obtain readable sectioned centra. Oth-
ers, such as Tanaka (1990) and Gruber and Stout (1983)
have had success in sectioning vertebrae to view band
formations. Therefore, we do not consider our verifica-
tion procedure to be complete. It is evident that guitar-
fish have linear growth which might be somatic and
not correlated with age of the guitarfish, as was sug-
gested by Natanson et al. (1984) for Squatina cali-
fornica. Further studies should be attempted to answer
this question. Specifically, we suggest more tagging and
injection studies to validate laboratory data.

Reproductive maturity

We encountered a problem collecting large ( >90 cm)
females; it has been suggested by Baxter (1980) and
Lane and Hill (1975) that individuals of this size are
uncommon. Our largest female was 130 cm. In
Almejas, Baja California Sur, México, Villavicencio-
Garayzar (1993) reported that his largest captured
female R. productus was 137 cm. Females in the
present study were mature at 299 cm TL, whereas
Villavicencio-Garayzar (1993) suggested that matu-
rity of R. productus was at >70 cm TL. The youngest
free-living guitarfish obtained was 23 ¢cm TL, and it
appears that the estimate of 15 cm (Eschmeyer et
al., 1983) for newborn pups might be low. Melouk
(1949) reported 16-cm specimens of R. halavi that
still had sizable yolk attachments in utero. It is pos-
sible that Eschmeyer’s measurements of 15 cm were
taken from expelled premature pups. Expulsion of
embryos can occur from stressed females (Pratt and
Casey, 1990). Another possibility is that mortality is
high in postpartum pups and many do not survive.
Perhaps the smallest specimens that we sampled were
first-year survivors. Rossouw (1984) suggested that the
average length of Rhinobatos annulatus at birth was
23 cm TL and Dubois (1981) stated that embryos of
R. productus at parturition were 23 cm. Villavicencio-
Garayzar (1993) reported a free-swimming R. productus
at 24 cm and suggested neonates are 20-24 cm. The
first year class we collected (presumably represented
as the smallest guitarfish we obtained) did not have
any bands present beyond the birth mark. Many of the

young guitarfish were captured by otter trawls in the
Belmont Shores area in Long Beach, CA.; it appears
that this is a nursery ground for guitarfish.

Our estimates of nine offspring per female were
also the mean number of offspring found by
Villavicencio-Garayzar (1993) for Rhinobatos
productus in Almejas, Baja California Sur, México.
He found that R. productus females had a minimum
of six pups and a maximum of 16. Additionally,
Villavicencio-Garayzar (1995) found that Zapterix
exasperata females contained a minimum of 4 and a
maximum of 11 embryos (the most common numbers
of embryos per individual were between 6 and 9).

Males showed the same size at maturity as males
sampled by Dubois (1981). His males were all ma-
ture when TL exceeded 92 cm. No males in his study
had clasper lengths in the range of 11 to 15 cm, indi-
cating a definite size break in clasper length between
immature and mature males. Our male guitarfish
showed this same break between clasper lengths of
11 and 13 cm, and all males in our study were ma-
ture when TL exceeded 100 cm. Our smallest ma-
ture male was 91 cm. Both of our studies indicated a
lack of individuals with clasper lengths in the 10-13
cm range, and Martin and Cailliet (1988) found a
similar break in clasper lengths (between approxi-
mately 22-37 cm) in Myliobatis californica. This in-
dicated to us that sexual maturity occurred within a
distinct size range (TL) for males. Visual examina-
tions of the claspers confirmed maturity; they were
well developed and occasionally contained semen.
Villavicencio-Garayzar (1993) found male Rhinobatos
productus with sperm in their vasa deferentia at 63,
68, and 69 cm TL, but did not indicate a length at
first maturity. For Zapterix exasperata , Villavicencio-
Garayzar (1995) found males at 69 cm with semen.

Information from this research will provide a start-
ing point for persons who may be interested in regu-
lating guitarfish catch in the future. The informa-
tion on size at first maturity for both males and fe-
males and the equation for estimating total length
of guitarfish from tails sold to markets by fisherman
will be useful management tools. Although the age
estimates of the guitarfish are preliminary, total
length (TL) at sexual maturity is most valuable. This
information provides a starting point for evaluation
of possible future size limitations for catches of gui-
tarfish. We suggest further studies in order to attempt
to age guitarfish over its entire population range.
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