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ABSTRACT: The brown shrimp, Farfantepenaeus aztecus, is the major component of the Gulf of Mexico shrimp fishery,
and it is critical that we understand its environmental requirements. Brown shrimp spend a large portion of their post-
larval (PL) and juvenile life within estuaries distributed along salinity gradients and yet our understanding of the salinity
tolerance of various age groups is limited. A series of 48-hr bioassays were conducted in which various ages of F. aztecus
(PL-10, PL-13, PL-15, PL-17, PL-20, and PL-23) were acclimated from a salinity of 26%c to 1%o, 2%0, 4%o0, 8%o0, 12%o,
and 26%o in order to determine their tolerance to these salinities. Finally, PL-80 F. aztecus were transferred directly from
25%o0 to 2%o, 4%o0, and 8%o waters to study the effects of rapid salinity reductions on juvenile survival. Survival of 10-
and 13-day-old PLs was significantly different from the control (26%o) for all salinities tested. Survival of PL-15 shrimp
and older was significantly lower than survival of the controls at 1%o and 2%o but similar to the control at all other
salinities tested. A 4-wk growth trial was conducted with juvenile shrimp at 2%o, 4%o, 8%o, and 12%o. There was no
significant difference in survival among treatments, although shrimp maintained at 8%o and 12%o grew significantly more
than shrimp maintained at 2%o and 4%o. There was no growth difference between shrimp at the two low salinities or
between shrimp at the two high salinities. Survival of juveniles transferred directly from 25%o to various salinities were
100% at 25%o, 94.2% at 8%o, 67.3% at 4%o, and 63.5% at 2%o. These results suggest that PL-13 and younger brown
shrimp would have a better chance of survival by delaying entry into estuaries susceptible to rapid salinity declines. The
brown shrimp juveniles would be more densely distributed in areas with salinities greater than 4%o than in salinities less
than 4%eo. Although food availability and bottom type also affect shrimp distribution survival and growth, salinity may

also greatly affect the shrimp and its fishery.

Introduction

The Gulf of Mexico accounts for approximately
70% of the shrimp fishery of the United States
(Holliday and O’Bannon 1991), and the brown
shrimp Farfantepenaeus aztecus makes up 58% of
that fishery (Nance et al. 1994). Due to the eco-
nomic importance of the shrimp fisheries, it is crit-
ical that we understand their life history and en-
vironmental requirements. Brown shrimp spawn
offshore in oceanic seawater, then the planktonic
larvae and postlarvae are carried by currents into
estuaries, where they become demersal and remain
for several months (Arreguin-Sanchez and Castro-
Melendez 2000). The juveniles later migrate off-
shore to mature and spawn. There are two peaks
of migration of F aztecus into estuaries: late Feb-
ruary through March and August through Septem-
ber (McTigue and Zimmerman 1991; Rogers et al.
1993; Wenner and Beatty 1993). Salinities in the
estuaries are highly variable, generally ranging
from freshwater at the head to oceanic seawater at
the mouth, depending on tides, rainfall, wind, and
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riverine discharge. Since salinity tolerance is a crit-
ical factor that affects the distribution, survival, and
growth of shrimp as well as their predators and
preys (Gracia 1991), it has a profound impact on
the shrimp fishery.

Most Gulf Coast states have attempted to model
postlarval brown shrimp recruitment into estuaries
in order to predict annual harvests. These models
use abundance measurements such as those de-
scribed by Baxter (1963), and incorporate salinity
as a major component of their calculations (Zein-
Eldin and Renaud 1986). Model results by Nance
etal. (1994) and Arreguin-Sanchez and Castro-Me-
lendez (2000), suggest that the survival of and fish-
ery for brown shrimp in estuaries have a significant
impact on the offshore fishery.

Within estuarine systems, postlarvae (PLs) dis-
perse using several cues including salinity, organic
matter abundance, and refuge such as Spartina
spp. marshes (Benfield and Aldrich 1992; McTigue
and Zimmerman 1998; Rosas et al. 1999). Brown
shrimp have been caught in salinities ranging from
1%o0 to 69%0 (Simmons 1957; Zein-Eldin and Re-
naud 1986) but no solid correlations between sa-
linity and abundance, survival and growth have



been reported. Rozas and Zimmerman (2000) ob-
served a decrease in IV aztecus abundance with an
increase in salinity while Howe and Wallace (2000)
found no correlation between I aztecus and salin-
ity. All the previously mentioned studies have at-
tempted to evaluate a relationship between PL size
and salinity tolerance, disregarding the actual age
of the shrimp. The salinity tolerance of PLs alters
with age (Kumlu and Jones 1995; Tsuzuki et al.
2000), creating an age distribution relationship.
Kumlu and Jones (1995) and Tsuzuki et al. (2000)
found that the acclimation capacity of Penaeus in-
dicus and Farfantepenaeus paulensis to low salinities
increases after PL-10 but then decreases after PL-
40. Before we attempt to model the recruitment
and distribution of F aztecus PLs in estuaries, we
need to understand their salinity tolerance at var-
ious ages. The objective of the present research
was to determine an age-salinity relationship for
postlarval and juvenile I aztecus (gulf brown
shrimp). We studied the short-term survival of a
range of postlarval stages of F aztecus at various
water salinities. We also evaluated the long-term
survival and growth of juvenile brown shrimp
maintained in waters of various salinities and the
48-hr survival of juvenile F© aztecus transferred from
25%o to lower salinity waters.

Materials and Methods

Postlarval (PL-8) E aztecus were obtained from a
commercial hatchery in Texas and maintained in
reconstituted seawater (Instant Ocean) at 26%o
and 29°C in a 144-L. (0.6 X 0.6 X 0.4 m) polyeth-
ylene tank connected to a biological filter at the
Auburn University Fisheries Research Station. The
PLs were fed Artemia (200 per shrimp) and a com-
mercial feed, PL-ready (Ziegler Bros Inc., Gardner,
Pennsylvania), at 25-50% body weight daily. Salin-
ity and temperature measurements were taken us-
ing a YSI 30 conductivity meter (Yellow Springs In-
strument Company, Inc. Yellow Springs, Ohio).
The research consisted of a short-term (48-hr) bio-
assay to assess the tolerance of various ages of post-
larvae to low-salinity acclimations, a growth trial to
study survival and growth of pre-adults maintained
at various salinities, and a 48-hr bioassay to assess
the tolerance of pre-adults to rapid declines in sa-
linity.

The first series of experiments was performed
on two separate cohorts of shrimp. The 48-hr sur-
vival of 10-, 15- and 20-day-old postlarvae (PL-10,
PL-15, and PL-20) E aztecus at salinities of 1%eo,
2%o0, 4%0, 8%0, 12%o0, and 26%0 was investigated
using one cohort of shrimp and the 48-hr survival
of PL-13, PL-17, and PL-23 at the same salinities
was tested using a second cohort. At the beginning
of each test, 25 shrimp were randomly taken from
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the holding tank and individually weighed to the
nearest 0.1 mg. During acclimation tests, 15 PLs
were transferred to each of a series of white cylin-
drical containers (594 cm?, 30 cm deep, containing
2 L of water at 28°C and 24%o0) and aerated with
an air diffuser. Shrimp in the containers were of-
fered PL-ready and Artemia twice daily. Each bat-
tery of 4 replicate containers was supplied with fil-
tered freshwater from a separate water tank using
a submersible pump and irrigation-style flow re-
strictors. Salinity reduction protocols used were
similar to those established by McGraw et al.
(2002). Salinity reduction was adjusted to 4%o hr~!
by changing the flow restrictors and reducing the
water volume in the containers back to 2 L every
hr until the target salinity or 6%o was reached. For
target salinities less than 6%o the dilution rate was
reduced to 2%o hr™! until the target salinity was
reached. Surviving shrimp in each container were
counted 48 hr after initiation of the salinity reduc-
tion. Survival in the 26%o treatment was used as a
control.

At PL-30, shrimp maintained in the polyethylene
tank were gradually acclimated to 4%o over a 2-d
period and then transferred to 60 L glass aquaria.
They were maintained in the aquaria at 4%o and
30°C and offered crumbled shrimp feed (Rangen
Inc., 35% protein) for 3 wk. One wk before the
start of the growth trial, 4 recirculating systems
consisting of four 144-L. (0.6 X 0.6 X 0.4 m) poly-
ethylene tanks were filled with reconstituted sea-
water (Crystal Sea, Marine Enterprises Internation-
al) at 4%o. Water from each system flowed through
a common drain into a sump tank where it was
circulated through a trickling biological filter and
returned to the tanks. Temperature was main-
tained at 29°C * 1°C using submersible heaters
placed in the sumps.

At the onset of the growth trial, groups of 15
shrimp were randomly removed from holding fa-
cilities, weighed to the nearest 0.01 g and placed
into batteries of four replicate tanks. Salinity in two
of the batteries was then increased over a 2-hr pe-
riod to 8%o and 12%o by adding 60%o reconsti-
tuted seawater, and was reduced to 2%o by adding
freshwater in another of the batteries. Salinity in
the fourth battery was maintained at 4%o. Shrimp
were fed crumbled shrimp feed (Rangen Inc., 35%
protein) 4 times daily at a rate that assumes a week-
ly doubling in size and a 2:1 feed conversion ratio.
Shrimp in each tank were counted weekly and
their feed ration was adjusted accordingly. Four wk
after stocking, the shrimp from each tank were
counted and weighed.

In the third experiment, groups of 13 PL-80 ju-
veniles (0.78 g £ 0.06; mean = SE) acclimated to
25%o were transferred into tanks containing salin-
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TABLE 1. Forty-eight hour survival of Farfantepenaeus aztecus postlarvae at various salinities. Results are mean percent survival. PLs
with similar superscripts (¥ and *) are from the same cohort. Survival numbers within the same column that have similar superscripts
are not significantly different from the control (26 ppt) based on Dunnett’s ttest. PSE indicates Pooled Standard Error.

PL Age: 10 d* 13 d 15 d* 17 d 20 d* 23 d
Weight: ~ 0.0011 g 0.0022 g 0.0034 g 0.0054 g 0.0193 g 0.0145 g
Salinity 1%o0 0.0 0.0 10.0 28.3 47.5 1.7
2%0 0.0 0.0 55.0 63.3 80.0 51.7
4%o0 0.0 5.0 73.3% 78.3b 100¢ 96.7¢
8%o 5.0 0.0 78.32 95.0° 100¢ 1004
12%o 13.3 43.3 93.32 85.0° 100¢ 1004
26 %o 96.7 91.7 90.02 93.3b 100¢ 98.34
PSE 2.18 4.04 8.15 4.45 4.53 3.27

ities of 2%o, 4%o, and 8%o, thus emulating the rap-
id ingression of freshwater into estuaries during
low tide, causing a rapid drop in salinity. Groups
of 13 shrimp were also weighed and placed in
25%o salinity as a control. Each treatment consist-
ed of 4 replicates. Surviving shrimp in each con-
tainer were counted 48 hr after transfer.
Statistical analyses were performed using SAS
(V6.1, SAS Institute Inc. Cary, North Carolina).
Mean body weights and mean survival of the
shrimp in the various waters was estimated. Shrimp
survival at low salinity was compared to survival at
26%o. Data were analyzed using ANOVA to deter-
mine significant (p < 0.05) differences among
treatments. Student-Newman-Keuls test was utilized
to determine differences (p < 0.05) among treat-
ments and Dunnett’s #test was used to determine
differences between treatments and controls.

Results

Survival at 26%o was at least 90% at all PL stages
and was similar for the two cohorts of shrimp test-
ed. Forty-eight-hour survival of PL-10 and PL-13 at
all other salinities tested was significantly lower
than survival of the controls. Survival of PL-15
shrimp and older was not significantly different
from the controls at all salinities except at 2%o and
1%o0 (Table 1).

In the long-term growth experiment, there was
no significant difference in survival between treat-
ments (Table 2). Growth at 8%o and 12%o was sig-
nificantly greater than growth at 4%o and 2%o.
There was no significant difference in growth be-

TABLE 2. Survival and growth of juvenile Farfantepenaeus azle-
cus (mean initial weight 0.2 g) maintained for 4 weeks in various
salinity waters. Values in the same row with the same superscript
are not significantly different from each other based on Stu-
dent-Newman-Keuls test. PSE indicates Pooled Standard Error.

Treatment (%o0):  12.0 8.0 4.0 2.0 PSE
Survival (%) 98.3¢  98.3*  93.3¢ 952 3.88
Final biomass (g) 22a 21.4*  14.5" 12.7°  0.84
Final wt/shrimp (g) 1.5 1.5 1 0.9 0.03
Weight gain (%) 689+ 614 374> 33.16

tween shrimp at 8%o and 12%o, or between shrimp
at 2%o and 4%o. Survival of juveniles transferred
directly from 25%o to various salinities were 100%
at 256%o0, 94.2% at 8%o; 67.3% at 4%o, and 63.5%
at 2%o (Fig. 1). Shrimp transferred to 2%o and
4%o had significantly poorer survival than the con-
trol (25%o).

Discussion

Based on the results observed in the present
study, the capacity of I aztecus postlarvae to accli-
mate to low salinity waters improves after PL-13.
Before this age the PLs are not tolerant to low sa-
linity waters. Similar tolerances were observed in
Penaeus vanname: (Bray et al. 1994), F paulensis
(Tsuzuki et al. 2000), P. indicus (Kumulu and Jones
1995), and Litopenaeus setiferus (Rosas et al. 1999).
It appears that postlarvae younger than 13 days
would not be able to survive the low salinities
found in many estuaries.

Shrimp postlarvae actively control their entrance
into estuaries by swimming up into incoming tidal
currents and down near the bottom during ebb
tides (Hughes 1972; Matthews et al. 1991; Rogers
et al. 1993). An increase in salinity with the incom-
ing tide is thought to cue active vertical swimming.
Results of the present study suggest that salinity
changes might not cue an upward swimming be-
havior in PL younger than 13 days, and delay their
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Fig. 1. Percent survival of Farfantepenaeus aztecus juveniles 48
hr after direct transfer from 25%o to various salinities. Based on
Dunnet’s t-test, survival of shrimp transferred to 4%o and 2%o
were significantly lower than those transferred to 8%o.



entrance into estuaries until they are capable of
acclimating to low salinities.

Once within the bays, the shrimp are thought to
disperse along salinity gradients (Zein-Eldin and
Aldrich 1965; Weinstein 1979; Zimmerman et al.
1990; Wenner and Beatty 1993). Survival, growth,
and energetics of PLs and juveniles of various spe-
cies of shrimp in various salinities have been stud-
ied with varying results being reported (Bray et al.
1994; Kumulu and Jones 1995; Rosas et al. 1999;
Tsuzuki et al. 2000). Howe et al. (1999) report a
weak correlation between salinity and brown
shrimp abundance in Mobile Bay, Alabama, while
Howe and Wallace (2000) detected no correlation
between salinity and brown shrimp in the same es-
tuary. Zein-Eldin (1963) found that brown shrimp
grow better at 25%o than at 5%o, 10%o, or 40%o,
while Zein-Eldin and Aldrich (1965) report a low
correlation between growth and salinity of F. aztecus
and Zein-Eldin and Griffith (1969) did not find
any difference in growth of postlarvae at salinities
between 2%o and 40%o. A negative correlation be-
tween brown shrimp abundance and salinity was
also detected by Rozas and Zimmerman (2000).
No researchers found significant differences in sur-
vival of brown shrimp postlarvae at various salini-
ties. Results of the present study corroborate find-
ings of equal survival at various salinities but dem-
onstrated a reduction in growth at salinities below
4%o. There were no differences in natural produc-
tivity or other environmental variables among
treatments so growth differential was attributed to
the effects of salinity. Since slow growing shrimp
are less equipped to compete for resources and are
more susceptible to predation, the PLs probably
settle in areas with salinities above 4%o. However,
there are several environmental factors other than
salinity that could affect survival and growth and
consequently distribution of PLs within an estuary.

Salinities within estuaries along the Gulf of Mex-
ico fluctuate considerably depending on rainfall,
storm surges, tides, and wind. Salinity can vary
from below 1%o to above 20%oc in less than an
hour. For example, salinity on the southeastern
side of Mobile Bay dropped from 12%o to c. 1%o
in less than an hour in May 1999 and remained at
that low level for the duration of a tidal cycle
(Saoud unpublished data). In all three experi-
ments presented in the present paper, F azlecus
postlarvae and juveniles did not respond favorably
to salinities below 4%o.

Postlarvae that were acclimated to low salinities
survived at those salinities as juveniles. When ju-
veniles older than PL-80 were acclimated to high
salinities, they did not exhibit good survival when
transferred to salinities below 4%o. Similar results
were observed in P. indicus and F paulensis, both
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of which lost their capacity to acclimate to rapid
drops in salinity after PL-40 (Kumlu and Jones
1995; Tsuzuki et al. 2000).

Estimates of numbers of brown shrimp entering
bays (Baxter 1963) are used in conjunction with
environmental factors such as salinity by most Gulf
states to model brown shrimp abundance in nurs-
ery areas (Zein-Eldin and Renaud 1986). Fresh-
water inflow into most of the estuaries in the
Southern U.S. is regulated by dams and discharge
could be regulated while taking into consideration
the biological requirements of economically im-
portant fisheries such as penaeids. Zein-Eldin and
Renaud (1986) suggest that consideration be given
to total volume of water released, the time of re-
lease in relationship to the arrival of the young of
the year, and the interaction of temperature and
salinity (i.e., maintain higher salinity in cold tem-
perature). By using the age-salinity relationships
reported in the present study, models of seasonal
salinity profiles in estuaries during freshwater dis-
charge and rain runoff, and limitations on the in-
shore shrimping season and areas, fisheries man-
agers could positively affect the total brown shrimp
fishery in terms of both pounds and revenue
(Nance et al. 1994). If a combination of river dis-
charge and the salinity tolerances described in the
present paper are incorporated into habitat suit-
ability indexes such as the one developed by Rodg-
ers (2001) for Mobile Bay, resource managers
could better regulate fishing pressure inshore thus
increasing offshore recruitment and consequently
the total I azlecus fishery in the Gulf of Mexico.

LITERATURE CITED

ARREGUIN-SANCHEZ, F. AND R. G. CASTRO-MELENDEZ. 2000. On
the interdependence of sequential fisheries: The brown
shrimp, Farfantepenaeus aztecus, fisheries in the northwestern
Gulf of Mexico. Crustaceana 73:333-343.

BAXTER, K. N. 1963. Abundance of postlarval shrimp-an index
of future shrimping success. Proceedings of the Gulf and Carib-
bean Fisheries Institute 15:79-87.

BENFIELD, M. C. AND D. V. ALDRICH. 1992. Attraction of postlar-
val Penaeus aztecus Ives and P. setiferus (L.) (Crustacea: Deca-
poda: Penaeidae) to estuarine water in a laminar-flow choice
chamber. Journal of Experimental Marine Biology and Ecology 156:
39-52.

Bray, W. A., A. L. LAWRENCE, AND J. R. LEUNG-TRUJILLO. 1994.
The effect of salinity on growth and survival of Penaeus van-
namei, with observations on the interaction of IHHN virus and
salinity. Aquaculiure 122:133-146.

GRrACIA, A. 1991. Spawning stock-recruitment relationships of
white shrimp in the Southwestern Gulf of Mexico. Transactions
of the American Fisheries Society 120:519-527.

HorLipAy, M. C. AND B. K. O’BANNON. 1991. Fisheries of the
United States. U.S. National Marine Fisheries Service Current
Fishery Statistics 9000. Washington, D.C.

Howg, J. C. anp R. K. WALLACE. 2000. Relative abundance of
postlarval and juvenile penaeid shrimps in submerged aquatic
vegetation and emergent marsh habitats. Gulf of Mexico Science
18:130-137.



974 I. P. Saoud and D. A. Davis

Howe, J. C., R. K. WALLACE, AND F. S. RIKARD. 1999. Habitat
Utilization by postlarval and juvenile penaeid shrimp in Mo-
bile Bay, Alabama. Estuaries 22:971-979.

HucHEs, D. A. 1972. Responses to salinity change as a tidal
transport mechanism of pink shrimp, Penaeus duorarum Bur-
kenroad. Biological Bulletin 136:43-53.

KuMLU, M. AND D. A. JONES. 1995. Salinity tolerance of hatchery-
reared postlarvae of Penaeus indicus H. Milne Edwards origi-
nating from India. Aquaculture 130:287-296.

MATTHEWS, T. R.,, W. W. SCHROEDER, AND D. E. STEARNS. 1991.
Endogenous rhythm, light and salinity effects on postlarval
brown shrimp Penaeus aztecus Ives recruitment to estuaries.
Journal of Experimental Marine Biology and Ecology 154:177-189.

McGraw, W. J., D. A. Davis, D. TEICHERT-CODDINGTON, AND D.
B. ROUSE. 2002. Acclimation of Litopenaeus vannamei postlar-
vae to low salinity: Influence of age, salinity endpoint, and
rate of salinity reduction. Journal of the World Aquaculture Society
33:78-84.

McTiGuE, T. A. AND R. J. ZIMMERMAN. 1991. Carnivory versus
herbivory in juvenile Penaeus setiferus (Linnaeus) and Penaeus
aztecus (Ives). Journal of Experimental Marine Biology and Ecology
151:1-16.

MCTIGUE, T. A. AND R. J. ZIMMERMAN. 1998. The use of infauna
by juvenile Penaeus aztecus Ives and Penaeus setiferus (Linnae-
us). Estuaries 21:160-175.

NANCE, J. M., E. X. MARTINEZ, AND E. F. KLIMA. 1994. Feasibility
of improving the economic return from the Gulf of Mexico
brown shrimp fishery. North American Journal of Fisheries Man-
agement 14:522-536.

RODGERS, L. J. 2001. Assessment of oyster habitat in Mobile Bay,
Alabama using index modeling, geographic information sys-
tems and computational fluid dynamic modeling. Ph.D. Dis-
sertation, Auburn University, Auburn, Alabama.

ROGERS, B. D., R. F. SHAw, W. H. HERKE, AND R. H. BLANCHET.
1993. Recruitment of postlarval and juvenile brown shrimp
(Penaeus aztecus Ives) from offshore to estuarine waters of the
northwestern Gulf of Mexico. Estuarine, Coastal and Shelf Sci-
ence 36:377-394.

Rosas, C., L. OcamMprO, G. GAXIOLA, A. SANCHEZ, AND L. A. SOTO.
1999. Effect of salinity on survival, growth, and oxygen con-

sumption of postlarvae (PL10-PL21) of Litopenaeus setiferus.
Journal of Crustacean Biology 19:244-251.

Rozas, L. P. AND R. J. ZIMMERMAN. 2000. Small-scale patterns of
nekton use among marsh and adjacent shallow nonvegetated
areas of the Galveston Bay estuary, Texas (USA). Marine Ecol-
0gy Progress Series 193:217-239.

SIMMONS, E. G. 1957. An ecological survey of the upper Laguna
Madre of Texas. Publication of the Institute of Marine Science of
the University of Texas 4:156-200.

Tsuzuki, M. Y., R. O. CavaLLl, AND A. BiaNcHINI. 2000. The
effects of temperature, age, and acclimation to salinity on the
survival of Farfantepenaeus paulensis postlarvae. Journal of the
World Aquaculture Society 31:459-468.

WEINSTEIN, M. P. 1979. Shallow marsh habitats as primary nurs-
eries for fishes and shellfish, Cape Fear River, North Carolina.
Fishery Bulletin, U.S. 77:339-357.

WENNER, E. L. AND H. R. BeEaTTY. 1993. Utilization of shallow
estuarine habitats in South Carolina, U.S.A., by postlarval and
juvenile stages of Penaeus spp. (Decapoda: Penaeidae). Journal
of Crustacean Biology 13:280-295.

ZEIN-ELDIN, Z. P. 1963. Effect of salinity on growth of postlarval
penaeid shrimp. Biological Bulletin 125:188-196.

ZEIN-ELDIN, Z. P. AND D. V. ALDRICH. 1965. Growth and survival
of postlarval Penaeus aztecus under controlled conditions of
temperature and salinity. Biological Bulletin 129:199-216.

ZEIN-ELDIN, Z. P. AND G. W. GRIFFITH. 1969. An appraisal of the
effects of salinity and temperature on growth and survival of
postlarval penaeids. FAO Fisheries Report 57:1015-1026.

ZEIN-ELDIN, Z. P. AND M. L. RENAUD. 1986. Inshore environmen-
tal effects on brown shrimp, Penaeus aztecus, and white shrimp,
P, setiferus, populations in coastal waters, particularly of Texas.
Marine Fisheries Review 48:9-19.

ZIMMERMAN, R. J., T. J. MINELLO, M. C. CASTIGLIONE, AND D. L.
SmiTH. 1990. Utilization of marsh and associated habitats
along a salinity gradient in Galveston Bay. NOAA Technical
Memorandum NMFS-SEFC 250:1-51.

Recetved for consideration, October 9, 2001
Revised, June 10, 2002
Accepted for publication, October 29, 2002



