the accuracy of the calculated parameters, and these estimates are more variable than
those obtained by direct LS.The NLIN procedure also simultaneously derives all para-

meter estimates while other methods require a sequential determination of specific
estimates. So, in L-T methods the undegrable fraction, the digestion rate, and the lag
time are calculated in successive steps. Moreover, the inclusion of certain assumptions
in the development of the L-T methods would result in biased estimated. The final
results depend on the accuracy of the previous estimations and these often are very
sujective (e.g. the choice of the end point for the estimation of the undegrable frac-
tion) L.

On the other hand, the NLIN procedure is more flexible and it can be used to fit any
model, although starting values close to the final solution are needed for the method to
reduce the computations required and to increase the likelihood of finding a global and
accurate solution. Additionally, this method is sensitive to variation in the data set
what can lead to unrealistic estimates, unless certain constraints are specified for the
parameters. This occurs with USC in the NLIN methods, where if it is not assumed that
a + b = 100, potential degradation values higher than 100 can be obtained.

An appropiate number of data points in relation to the number of parameters to be
estimated would avoid this problem. In this sense, NLIN methods requires more cases
than L-T methods, but less than other methods like curve peeling.

We can conclude that NLIN method would be the most accurate and the least biased
procedure for describing rumen digestion kinetics.

The authors would be glad to supply a listing of the program to interested readers.
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ABSTRAC

Approximately 7.000 specimens of the crayfish Procambarus clarkii from the Albufera
lake (Valencia, Spain) were collected and examined, and only one apparent hermaphro-
dite animal was localized. This animal was studied and its gonads_were ﬁ)ged in Bouin’s
solution for 2 hours. The posterior genital lobe presented in its prom_mal zone an
altered ovarian tissue and in its distal zone the tecticular acin.i found were 1r3gct1v§. Th1.s
observation constitute a real description of a case of autentic hermaphroditism in this

specie.

RESUMEN

Hemos recogido y revisado aproximadamente 7.000 ejemplares de la especie Procam-

barus clarkii y de todos ellos solo uno era aparantemente hermafrodita. Este animal se
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examind y sus génadas se fijaron en solucion Bouin durante dos horas. El 16bulo
genital posterior presentaba en su zona proximal tejido ovdrico alterado y en su zona
distal acinos testiculares inactivos. Por ello este animal puede considerarse como un
caso de hermafroditismo auténtico en esta especie.

INTRODUCTION

Sexual dimorphism in the chelae and abdomen of crayfish is generally recognized 2
10

In relation to the aberrant secondary characters in crawfish, several thousand aberra-
tions in Cambarus and Orconectes were described in the eastern United States” but
only one was found in Procambarus and none in Cambarellus. This discrepancy in

occurrence among genera was explained in base to the relative lack of constancy of

secondary sexual characters in Cambarus and Orconectes. This conclusion was suppor-
ted by the aberrant sexual secondary characters observed in one Cambareflus shufeldtii
of 6.000 examined and in one Procambarus dupratzi of some 10.000 Procambarus spp.
examined 7.

Procambarus clarkii (Girard, 1852) is native to the southern United States and nort-
hern Mexico but now has almost worldwide distribution 4. It is extensively used in
physiological studies and for human consumption !. It is surprising that there have
been no known observations of aberrant secondary sexual characters in this species.
This could document an observation of such aberrations in Procambarus clarkii.

MATERIAL AND METHODS

Along the last 7 years, about 7.000 specimens of the crayfish Procambarus clarkii,

\frse[[e %osllected in the Albufera Lake (Valencia, Spain). The crayfish ranged in size from
035¢g

_ All the animal were classified according to their sexual characteristics and transfered
into alimatation aquaria for posterior studies. Among the 7000 specimens studied only
one apparent hermaphrodite was found.

The sexual organs from this apparent hermaphrodite and a pair of control animals
were removed, anatomically studied and fixed by inmersion in Bouin’s solution for 2
hours. Paraffin sections (7 #m) were stained routinely with haematoxylin and eosin.

RESULTS

The external characteristics of the hermaphrodite animal showed exterior opening of

oviducts, seminal receptable and spermiducts. The oviducts were covered by an sclero-
tized flap, and the seminal receptacle was flat, without relief (Fig. 1).

The anatomical study of the gonads from the hermaphrodite animal showed the
presence of two anterior lobes with aspect of testicular lobes and one posterior lobe
resembling a ovary.

Low power histological observations confirmed the presence of two testicular lobes,
but while in the proximal zone ovarian tissue was found the distal part was occupied by
testicular tissue (Fig. 2).
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Figure 1.- Scheme from a whole animal, showing the abnormal sexual characters (arrows indi-
cate the opening oviducts and seminal receptacle).

o

ki | _—
Figure 2.- Posterior lobe of the gonad containing both ovarian ang testicular tissue. Bar =200 &,
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In contrast to the normal testicular tissue (Fig. 3), the testicular tissue from the
superior pole of the ovarian lobe of the hemaprhodite animal did not show active acini
(Fig. 4). The testi ular tissue of the two testicular lobes was in correspondence with the
normal aspect. This normal tissue presented as a relevant characeristic the presence of
sincronic cellular divisions (Fig. 3).

In relation to the ovarian tissue, the vitellum characteristics vary between normal and
hermaphrodite animals. While in the first its distribution is granular and dense (Fig. 5),
in the second case a difuse and non-dense aspect is present (Fig. 6). The perinuclear
halo of normal ovocytes is greater and well differentiated from the vitellum of the
hermaphrodites (Fig. 5). Moreover, the non complety circular morphology of the nu-
cleus, frecuent in normal ovocytes had no similar aspect in the hermaphrodite (Fig. 6).

DISCUSSION

A crayfish cannot be considered to be a true hermaphrodite unless it exhibits both
testicular and ovarian tissue 9. No previous description of a true hermaphrodite (in this
sense) has been found in the bibliography.

The external hermaphrodite characters had been studied in Pacifastacus ¢, Cambare-
Hus anq Procambarus 7, 5. In these articles these characters appeared in a approximate
proportion of 1:10.000, indicating that this fenomenon results very exceptional in natu-
ral conditions.

. The s'erninal receptacle of immature females of Orconectes propinquus was flat, essen-
tially without relief, and an off-white sclerotized flap covered the oviduct 8. On the
other hand, in mature males of P. clarkii, the presence of a modification in the first and
second gbdominal appendages in order to serve as copulatory organs, with openings of
the genital ducts on the basal segments of the fifth walking legs was mentioned >.

On the basis of the external characters described here, and the previous descriptions,
we could suppouse that the animal studied in teh preéent work was a hermaphrodite
one, and it could consitute the first description of a hermaphrodite specimen of the
crayfish Procambarus clarkii in the Albufera Lake (Valencia, Spain).

The normal gross anatomy of the male gonads of Procambarus clarkii consist in two
anterior and one posterior white lobes and two sperm ducts 3, while our observations in
the hermaphrodite animal shows that the two anterior lobes presented testicular appea-
rance, a1:1d the posterior lobe presented ovarian aspect.

The histologic study showed that the two anterior lobes have mature testicular tissue
Whﬂe the other one presented both ovarian and testicular tissue. In this case both
tissues presented inmature aspect with ovocytes not normaly developed and testicular
acini not shqwn §ynchr0nic active cellular divisions or normal distribution.

In conclusion, in agreement with previously well stablished facts ¢ we can affirm that
our description corresponds to a true case of hermaphroditims in Procambarus clarkii.
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Figure 3.- Normal testicular tissue. Sinchronic cellular divisions were present. Bar = 30 #.

Figure 4.- Hermaphrodite testicular tissue. The acini seem to be not active. Bar = /.
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clear halo was great and well differentiated from the vitellum and nucleus. The nu-
cleus present a non completely circular morphology. Bar = 100 £.
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dense aspect, and the perinuclear halo was not well differentiated from the vitellum.
The nuclear morphology was always completely circular. Bar = 100 &.
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