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Does damming of the Colorado River affect the nursery area of blue
shrimp Litopenaeus stylirostris (Decapoda: Penaeidae)
in the Upper Gulf of California?
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Abstract: After damming the Colorado River the freshwater flow was reduced to 1 % of its virgin flow to the
Upper Gulf of California (UGC). The ecological effects need to be properly documented. The UGC is the nurs-
ery area for Litopenaeus stylirostris, the most profitable fishery in the zone. In order to know the relative abun-
dance of L. stylirostris postlarval stage we conducted a sampled survey every 14 days in 1993, 1994 and 1997,
plus an intensive sampling during a complete tide cycle in July 1995 and 1996. We did 10 min trawls each hour
during the flood tide. Relative abundance of postlarvae was higher (p<0.05) in those years when freshwater flow

reached the UGC.
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The impact of man-made land forms such
a dam can drastically change the condition of
any ecosystem. Large reservoirs serve as sedi-
ment traps for much of the eroded material, dis-
rupting the sediment budgets of the drainage
systems below the dams (Dolan et al. 1974).

Before the construction of the Hoover
Dam, the Colorado River discharged about 16
600 hm? of water in the Gulf of California.
Today less than 1 % of its virgin flow ever
reaches the mouth of the Colorado River
(Turner and Karpiscak 1980). Flow has been
regulated since storage began February 1,
1935. Mexico built Morelos Dam at the end of
the Colorado River, in 1950. It is 1.1 mi south
of the northerly international boundary with
Mexico and 21.9 mi north of the southerly
international boundary (Fig. 1).

It is commonly acknowledged that
damming the Colorado River was detrimental
to the environment of the Upper Gulf of
California (UGC). This is a nursery area for
many commercially important species.
However, those ecological effects have not
been properly documented. Alvarez-Borrego et
al. (1975) and Lavin et al. (1998) studied the
hydrography of the UGC. Those authors report-
ed that, after null input of freshwater, the UGC
can be regarded as an inverse estuary, and salin-
ity in these conditions are higher in the North
(39 %o) than in the South (35.5 %0). However,
in a later study it was found that when up
stream dams overfill because of abnormal snow
melts in the Basin of the Colorado River and/or
because heavy rain during El Nifio events, a
considerable amount of freshwater discharges
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Fig. 1. Colorado River Basin, with dams and aqueducts in the Upper Gulf of California. Sampling locations

are also shown (After Lavin and Sanchez 1999).

in UGC. The hydrography of the area shifts
severely to estuary conditions; salinity then is
lower (32 %o) in the North than in the South
(35.4 %o) (Lavin and Sanchez 1999).

The shrimp fishery is the most profitable
fishery in the UGC, supported by two
species, brown shrimp Farfantepenaeus cali-

forniensis (Holmes 1900) and blue shrimp
Litopenaeus stylirostris (Stimpson 1871).
The latter represent over 80 % of total
shrimp catch (Mathews 1981). The blue
shrimp peak spawning occurs in June and
July, and postlarvae use the Colorado River
delta as a nursery area.
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It is widely accepted that penaeid shrimp
postlarval stage is critical in their life span,
because it is affected by higher natural mortal-
ity. Consequently, catches depend on the
strength of the year class. We, therefore, need
to acquire knowledge on the dynamics of the
nursery area to understand the dynamics of
postlarval development. In order to assess the
abundance of blue shrimp postlarvae in the
nursery area of the UGC, we conducted a five
year sampling survey during the spawning
period of shrimp.

MATERIALS AND METHODS

Shrimp postlarvae are found in the shallow
zone, close to the shore at depth of less than 2.0
m, so they have to be collected manually. We
used a custom designed plankton net (505 *m)
attached to a stainless steel support, trawled by
two persons. The net had a calibrated flowme-
ter in its mouth to estimate water volume fil-
tered. We did 10 min trawls each hour during
the flood tide (tides in the Gulf of California are
semi diurnal, so we sampled day and night, fig
2). Surveys were conducted every 14 days in
1993, 1994 and 1997, plus an intensive sam-
pling during a complete tide cycle from July 12
-27, 1995 and from June 30 - July 16, 1996 in a
location on the peninsula near San Felipe, Baja
California (Fig. 1). Species identification was
done after Mair (1979) and Calderén-Perez et
al. (1989), checked with lab reared postlarvae
from known progenitors.

Relative abundance of postlarvae (Pl/m?)
was used to compare differences between
years. Data were monthly averages of the
spawning peak months, June and July, of each
year from 1993 through 1997. A Tukey test or
honestly significant difference procedure were
performance after a significant ANOVA shows
differences in abundance between years.

Our sampling period included two years
(1993, 1997) with river discharge and three
years without discharge, a more normal condi-
tion. In order to correlate postlarvae relative
abundance against Colorado River water flow,
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Fig 2. Tide height in mm at location during the sampling
period.

we compared the monthly average of Colorado
River flow, from January to June with postlar-
val abundance for 1993 — 1997.

The Colorado River water flow data at the
Southern International Border, were obtained
from the United States Bureau of Reclamation,
Yuma, Arizona.

RESULTS

Relative abundance of postlarvae was
higher (Tukey p < 0.05) in 1993 than in the
other years. Abundances in 1994-1996 were the
lowest and formed a different group (Table 1).
Lower salinity was on those years where abun-
dance was higher: 1993 and 1997. Temperature
was not significantly different for the same
months in all five years (ANOVA p = 0.708).

- IVAVAVAVA
I + ¢ + + + A 4



870 REVISTA DE BIOLOGIA TROPICAL

The Colorado River discharged an unusu-
ally high amount of freshwater into the UGC
on the years 1993 and 1997. During 1994 to
1996 no discharge was observed. The relative
abundance of postlarvae had the same pattern
of the river flow. The correlation coefficient
was high and significant (r = 0.8815; p < 0.05)

DISCUSSION

Undoubtedly the river is responsible for
the salinity condition in the UGC. Carvajal et
al. (1997) developed a numerical model to pre-
dict salinity as function of the river flow and to
assess the environmental impact of the reduc-
tion of river discharge on the area.

TABLE 1

Colorado River flow amount crossing Mexico-US border (monthly average from January throughout June)
and Litopenaeus stylirostris postlarvae relative abundance (Pl/m?) (average of June and July)
from 1993 throughout 1997.

Year River flow
(X 10°m3)
Average
1993 312.01
1994 67.28
1995 76.25
1996 71.42
1997 115.65

Postlarvae relative
abundance (Pl/m?)

Average Standard error
436 a 13.6
11.63 b 1.35
11.20 b 2.25
16.01 b 3.37
3332¢ 8.06

Values with different letters are significantly different at p < 0.05

During 1993 and 1997 the amount of
freshwater discharged by the river diluted the
salinity of the UGC. Low salinity is reported as
prefered for blue shrimp on Sinaloan coastal
lagoons (Mair 1980). Studies have shown the
effect of salinity on growth rate of penaeid
postlarvae (Rothlisberg 1998).

On other penaeid shrimps low salinity sig-
nals postlarvae to find the way to a nursery
area (Hughes 1969, Mathews et al. 1991). In
the UGC, an inverse estuary, there is no low
salinity as a signal, yet postlarvae nurse in that
area. Mair et al. (1982) conducted a laboratory
experiment which demostrated that shrimp
selected the estuary water over marine water
even with the same salinity. They mentioned
that the “taste” of water may be important,
because terrigenous material is a factor that

postlarvae select for within nursery areas
where enough food is available. Whether post-
larvae are adapted to low salinity or follow the
water taste, our data show that river inflow
promts shrimp postlarvae to use the improved
UGC as a nursery area.

Another important factor is that expanded
habitat is available when the Colorado River
flow increases, because freshwater floods
areas that are dry on those years when river
discharge is null or too low.

On years 1994 through 1996 the salinity in
UGC was higher than marine water. Presence
of postlarvae was still observed during this
period, but at lower concentration than in those
years when the Colorado river discharged
water. Even though our data are just for five
years and the correlation is weak, there is a
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significant positive effect of the river water
over nursery area. Freshwater discharged by
the Colorado river lowers salinity, and possibly
expands shrimp postlarvae habitat, which con-
tain more food and sheltered areas.
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RESUMEN

El represamiento del Rio Colorado ha ocasionado
que el flujo de agua dulce sobre el Alto Golfo de Califor-
nia (AGC) se haya reducido hasta el 1 % del flujo original.
Se ha documentado el efecto de la reduccién de agua dul-
ce sobre las condiciones hidrograficas del AGC, pero las
repercusiones ecoldgicas no se han descrito apropiada-
mente. El AGC ha sido drea de crianza para especies co-
merciales como el camarén Litopenaeus stylirostris. Se hi-
cieron recolectas de postlarvas de L. stylirostris en el AGC
durante cinco afios consecutivos. Los muestreos fueron ca-
torcenalmente en los afios de 1993, 1994 y 1997 y se rea-
liz6 una recolecta diaria durante 15 dias consecutivos en
los aflos 1995 y 1996. Para ello se arrastré una red de
plancton de 505 p durante 10 min cada hora durante el flu-
jo de marea. La abundancia relativa de las postlarvas de
camardn en esta zona viaria considerablemente en afios
cuando el flujo de agua dulce incrementa. La abundancia
es mayor hasta en un 200 % (p < 0.05) cuando existe des-
carga de agua dulce al AGC.
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