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Introduction

Lake Cocibolca (L. Nicaragua), the largest lake in
the tropical Americas with a surface area of 7,600
km®, is still relatively unaffected by human impact
when compared to neighboring Lake Xolotldn.
However, little limnological research has been pub-
lished on this valuable and important Nicaraguan
natural resource. Data on fish biology and general
limnological features were published by THORSON
(1976); only a few primary production measure-
ments were made in the early 1980s using the oxy-
gen method, giving primary production values of
abour 4-7 g O, m™~ day™ (KaTunin et al. 1983, Erix-
sON unpublished).

Two of the principle factors controlling primary
production in lakes, excepting nutrients, are light
penetration and mixing depth. Light penetration in
the water column is controlled by the presence of
phytoplankton and their pigments, suspended
organic and inorganic detritus, and disso lved colored
organic matter (TALLNG et al. 1973, BaANNISTER
1974, AHLGREN & ABEGAZ 1993). The ratio between
light extinction caused by algae versus the other
agents 1s a major factor determining the primary
productivity of a lake. Maximum primary produc-
tion occurs where light extinction results principally
from the presence of algal pigments. Conversely,
increasing light extinction caused by other agents
will inevitably reduce primary production.

A SAREC-SIDA project, started in 1996 and
focusing on the lake food chain, hypothesized that a
greater fraction of primary preduction is transferred
to L. Cocibolca fish production than to L. Xolotldn
fish production. Models that use phytoplankeon pri-
mary production as the main controlling variable for
predicting fish yield in lakes have resulted in more
successful predictions than many other methods
(MEeLack 1976, OcLessy 1977, LOWE-McCONNELL
1987, DowNING et al. 1990, KNOsCHE & Bar-
THELMES 1998). Therefore, it is important to make
accurate primary production measurements. A high
correlation between daily photosynthesis and pro-

duction of fish fry in ponds has also been observed
(WoLNy & GRYGIEREK 1972). Despite the proven
relationships between primary production and fish
yield, primary production is seldom measured by
fish biologists.

The ratio of fish yield to primary production is
expected to be higher in tropical than in remperate
lakes. However, the estimated fish yield of 0.5 kg ha™
year ' from L. Cocibolca (CoLeE 19706) is very low
when compared to the mean of several African lakes,
60 kg ha' year' (Mrrack 1976). A lack of large
boats and effective fishing gear make it difficult to
fish in the open waters of wind-exposed L. Cocibolca
(CotEe 1976); fishing was most probably restricted to
shore areas, so that only a small fraction of che
potential fish was harvested. MeLack (1976) also
showed that the fish yield of lakes in Africa and India
increased exponentially as primary production
increased linearly. He hypothesized that herbivorous
fish become increasingly numerous in more
eutrophic waters. Hence, a shorter food-chain leads
to higher efficiency in energy transfer along the food
chain. However, changes in phytoplankton species
composition to the less edible and less nutritious
cyanobacteria (AHLGREN et al. 1992) tend to coun-
teract this effect.

The purpose of this study is to:

* present light measurements and data on primary
production, nutrients and phytoplankton from
L. Cocibolca, Nicaragua;

» calculate the fraction of photosynthetic available
radiation (PAR) absorbed by phytoplankton in
L. Cocibolea;

* estimate the potendal fish production of L.
Cocibolca based on primary production values.

Methods

Primary production was measured by the usual bot-
tle-technique described in  detaill in  AHLGREN
(1988b). Filters were treated overnight with a ussuc-

solubilizer (BTS-450, Beckman) before adding the
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scintillation cocktail (Puca 1973). Integral primary
production per unit surface area (XA) was corrected
with the dark values. Exposure time varied from 1-2
h and daily production was calculated by multiply-
ing the hourly production rate by a factor of 9
(TaLLING 1965, Erison et al, 1997), Light measure-

ments were performed with a LI-189 quanrum
meter {LI-COR Inc., Lincoln, Nebraska).

Chlorophyll was analyzed using warm extcraction
in ethanol {Nuscy 1980). Chemical analyses were
performed as per AHLGREN & AHLGREN (19706), e.g.
dissolved inorganic N (DIN = NH-N + NC,-N),
cotal N (Kieldahl-N + NQO,), dissolved inorganic
phosphorus (DIP) and toral P (Tot-P).

Results and discussion

Thirteen primary producttion measurements
were performed using the C14 method in L.
Cocibolca between 1990-1998, seven ar the
end of the dry season (April) and six at the end
of the wet season (late October to early Novem-
ber) {Table 1). All measurements show typical
optimum curves, with the optimum depths
varying from 0.25-1.25 m. Because of the
large, exposed surface area of L. Cocibolca, the
primary production values are mainly of
autochthonous origin. Annual temperatures do
not exhibit much varnation, 29 + 2 °C (ErRiKsoN
et al. 1997). Limited nutrient data from just
five dry-season and two wet-season sampling
dates showed moderately high N and P values:
610-740 pg rotal N L'and 63-87 pg total P
L. The available P {DIP) was high, 9-50 ng
L', as was the available N (DIN), 13-25 ng L,
The ratio of total N/total P has been at abourt
10 for the past 2 years, 19971998, indicating
that these two nutrients are well balanced.

The XA values were two times higher during
the dry season compared to the wet season over
the last 2 years (Table 1) The greatest variation
was 6-fold, ranging from 0.50 to 3.1 g C m”
day”'. Primary production at the optimum
depth (a ) varied proportionately, whereas
chlorophyll increased by only about 50% dur-
ing the dry season compared to the wet season
(Table 1). The basic reason for this differences
is probably related to hydrological condirions.
Unfortunately, few chemical dara are available
for the wet seasons. However, it should be
noted that after heavy rain periods, the level of
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the lake is usually elevated by as much as 1 m,
which would cause a dilution in nucrients and
by that a reduction in primary production. The
two values of around 0.5 g C m™ day’,
recorded during the wet season 1997, are
unusually low. It might be a mistake in some
calculation factor which cannat be checked.
The windy dry season also favored the more
productive diatoms, whereas, during the wet
season, the slowly growing cyanophytes and
chlorophytes were dominant (Rivas 1998,
Hooker unpublished).

The light attenuation coefficient (£) was also
different for the two seasons, with lower values,
indicating deeper light transmission, appearing
toward the end of the wet season. The fraction
of light absorbed by chloraphyll (f} can only be
approximated. Using the specific chlorophyll
absorption constant {k) of 0.025 (ERIKsON
unpublished) and average chlorophyll concen-
trations for the dry and wer seasons of 22 and
15 mg m™, respectively, we get £ = k X Chl/e =
0.025 X 22/2 = 0.28 vs. 4.025 x 15/1.3 = 0.29
far the dry and wer seasons, respectively. These
results demonstrate that the effect of t was sim-
tlar in the two seasons. Theoretically, 2ZA has a
value equal to the upper limit of photosynthesis
in 2 system where chlorophyll absorbs 100% of
the available light, multiplied by the £ (Bannis-
TER 1974, AHLGREN & ABEGAZ 1993). The
upper limit seems to be around 8.8 ¢ C m~
day” {TALLING et al. 1973). The L. Cocibolca
values, thus, would be 0.28 or 0.29 X 8.8 = 2.5

~2.6 g Cm~ day", which are close to the values
recorded in Table 1.

Productivity ac the optimal depth, measured
as assimilation number (AZ), ie. production
normalized to chlorophyll, was also higher dur-
ing the dry season with mean values of 9 mg C
mg Chl" h"', compared to the wet season with
mean values of 5 mg C mg Chl”"h' (Table 1).
In the tropics, a P__ of up to 30 mg O, mg
Chl"' h" has been recorded {TALLING et al. 1973),
corresponding to an AZ value of 11 mg C mg
Chl" k', which is the same level recorded in L.
Cocibolca during the dry season. This value 1s
higher than the maximum which s considered
realistic tn temperate Tasmania, 6.2 mg C mg
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Table 1. Primary production in Lake Cocibolca during the end of dry season and the end of wet season. Pri-
mary production per day is estimated by multiplying the hourly production with the factor 9 {(TALLING 1965,
Erxson et al. 1997). a_, primary production at the optimum depth; z,,, optimum depth; AZ, assimilation
number, i.e. prim. production normalized to chlorophyll; €, extinction coefficient, ZA, integral primary
production.

Date Chl a,. Z.. AZ g ZA
(ug L) (mg Cm™h7) (m) (C ChI"h™) (m) (g Cm*day')

Dry season
6 Apr 1990

7.00-9.00 63.4 0.75 1.9 .91

10,15-11.45 47.2 0.75 - 2.1 0.69

12.10-14.10 491 1.25 - — 0.65

Mean: 93 0.92 0.75
2 Apr 1997

9.35-11.40 27 137 0.50 5.1 — 2.1
8 Apr 1997

8.30-10.00 21 220 0.70 10 — 3.1
16 Apr 1998

10.52-12.17 21 239 0.63 11 2.0 3.0
22 Apr 1998

11.01-12.04 20 229 0.58 il 1.9 3.1
Mean: 22 180 0.7 9 2 2.4
Wet season
A Qce 1991

12.20-15.00 14 175 1.0 12 1.3 2.7
11 Nov 1996

10.25-13.00 15 45.1 [.25 3.0 1.4 0.98
30 Oct 1997

9.10-10.10 18 31.4 1.0 1.7 1.1 (.50
5 Nov 1997

9.05-11.05 16 30.0 1.0 1.9 1.2 0.53
10 Nav 1998

10.30-11.55 14 84 (.60 6.0 1.5 1.1
17 Nov 1998?

10.54—12.04 15 118 0.25 7.9 1.5 1.8
Mean: 15 80 0.9 5 1.3 1.3

Chli"h' (Harrss et al. 1989). If Chl is consid-
ered to be 1% of C in the tropics (Erikson et al.
1998), a specific growth rate of about 0.11 k'
or 1 day would be obtained in L. Cocibolca.
This is a realistic value, although the maximum
value would be about 2 day™ at this high tem-
perature (cf. KeBene & AHLGREN 1996). How-
ever, at the maximum growth rate for the entire
population, f.e. maximum yield or maximum
carrying capacity, a maxtmum specific growth
rate for individual algae can never be expected.
Rather, individual algae can be expected to
grow at half the maximum growth rate (0.5

(1) (cf. AnLGrEN 198843).

Table 1 shows three primary production mea-
surements performed at about [-h intervals on
the first sampling date (April 1990). The first
reasurement was 30-40% higher than the later
measurements. Unfortunately, no chemical data
are available for this date. [t is, however, possi-
ble that a 2-h exposure time was too long tor
the later measurements. The phytoplankion
probably depleted all the nutrients when the
light intenstty was greater, i.e. the so called bot-
tle-effect (HarRIS et al. 1989). Another hypoth-
esis is that the algae were not in a state of bal-
anced growth (cf. AHLGREN 1988b). The algae
could have been carbon-limited early in the
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morning, with carbon (DIC) uptake being
much faster than growth. When saturation lev-
els were reached in the two later measurements,
carbon uptake and growth rates were balanced.
The light was also much stronger during the
last measurement, pressing the Z_ from 0.75 m
down to 1.25 m (Table 1).

L. Cocibolca’s moderately high primary pro-
duction values are similar to those of some Jarge
African lakes, e.g. Lakes Victoria, Albert, Tang-
anytka and Volta (MrLAck 1976, Hecky & Fer
1981). However, seasonal cycles in phytoplank-
ton production and biomass are thought to be
laticude-dependent, with the least variation
occurring at low latitudes (LETELIER et al.
1993). We present data from only two limited
time periods, April and late October to early
November. The data recorded to date indicate
that the seasonal amplitude in primary produc-
tion s not very grear compared to phytoplank-
ton population densities reporred for the trop-
ics by TaLLING (1986), three orders of
magnitude. Monthly data from art least 2 full
years of samples are required before the true
seasonal variation of primary production in L.
Cocibolca can be understood. However, insofar
as primary production 1s controlled mainly by
light and hydrographical conditions (Foce
1965), it is very likely that the variation of pri-
mary production is less than one order of mag-
nitude in the tropics. A realistic daily mean
value would thus be 2 g C m™ day'and annual
primary production would be abour 700 g C
m~ year™ in L. Cocibolca. In polluted L. Xoloc-
lin, daily primary production was estimated at
5-7 g C m™ day '(ErixsonN et al. 1997, 1998),
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which s about 2000 g C m™ year”. The daily
primary production values and the albeit lim-
ited chemical data places L. Cocibolca as a
eutrophic lake on the wrophic scale {LIKENS
1975).

A general rule of thumb states thar 1%—1%e
of the primary production of a body of water
can go into fish flesh. The mean of the ratio of
fish yield/2ZA (in C) from data given by Merack
(1976, Table 1) is 0.35%. Considering the
community respiration, this figure should be
multiplied by 0.25. OcLessy (1977) proposed
two cquations ([1) & [2]) for estimating fish
yvield (Y, g d.w. m* year'}, based on either sum-
mer chlorophyll (Chl) or annual primary pro-
duction (ZA ). Additional equations are given
by DowNING et al. 1990 [3] and KNOsCHE &
BARTHELMES 1998 (Bulon-Vinberg relation-
ship) (4]:

tog ¥ (dw.}) =-1.92 + 1.17 log Chl (1
log Y, {C) =-6.00 + 2.00 log ZAy {2
log FP = 0.6 + 0.575 X log ZAF [3
Y = 14.24 + 0.056 x PP (4) |4

| or
]
)
]

OGLESBY (1977} said that Chl is probably the
more reliable estimate of fish yleld due to the
more accurate analytical methods available at
that time. This might not hold true today.
However, he also said that annual primary pro-
duction is the more meaningtul of the two phy-
toplankton measurements in terms of ecosys-
tem function. Potential fish yield in L.
Cocibolca, as estimated by indirect measure-
ments, 1s summarized below.

Fresh weight Conversion factor Reference

(kg ha year")

700~-70 1%—1%o0 of XA Rule of thumb

700 1% of Z.A Ryther 1969

60 0.25 x 0.35% of ZA MEeLAaCK 1976

20 Chl (Eq. 1)* OGLESBY 1977

50 A (Eq. 2) OGLessy 1977

170 2A (Eq. 3) DowNING et al. 1990

50 PP (Eq. 4) KNOSCHE & BARTHELMES 1998

*Means of all chlorophyll data collected from different seasons are used here.
Assumptions: 1 g C =2 g d.w. or 10 g fresh weight.
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Most estimates are close to the rule of thumb,
1%¢ of ZA. An educated guess is that the values
of 50-70 kg ha” year”' are the most realistic.
That means that only about 1% of the potential
fish production was caught in L. Cocibolca in
the 1970s. These values agree with estimates
from several African lakes, e.g. Lakes Vicroria,
Tanganyika, Albert, and Volta (MrLack 1976,
Hecky & Fee 1981). However, in order to
make more accurate estimates of fish yield val-
ues for a lake, food web losses must be taken
into consideration as discussed in AHILGREN et

al. (2000).

Summary and conclusions

Lake Cocibolca, the largest lake in tropical Latin
America, is an important Nicaraguan natural
resource. T hirteen Cl4 measurements made
berween the years 1990-1998 show that primary
production in L. Cocibolca varied berween 0.5 and
3.1 ¢ Cm™ day . Higher mean values were recorded
for the dry season than for the wet season, 2.4 and
1.3 g C m™ day ™, respectively. Different hydrological
conditions may be the reason for this difference.
During the windy dry season, diatoms were domi-
nant, whereas during the more stable wet season,
cyanophytes and chlorophytes dominated the lake
waters. Lhe fraction of PAR absortbed by phy-
toplankton was the same during both seasons. L.
Cocibolca’s primary production values and limited
nutrient data place it as a eutrophic lake on the
trophic scale. Potential fish production could be

50-70 kg ha™ year ',
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