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ABSTRACT

I investigated ammonia nitrogen (NHM-N)
regeneration and grazing by zooplankton and their
effects on phytoplankton production and biomass. Two
sets of experiments were conducted on samples from Lake
Chapala, Mexico from September through December, 1983.
One set of experiments was designed to measure zo0oO-
plankton NH™-N regeneration, and the other set was
designed to measure the effects of zooplankton on phyto-
plankton production, biomass, and production efficiency
(P/B).

Lake Chapala is a large, shallow, tropical Ilake
with a wet season from late May to September, and a dry
season the remainder of the year. I sampled four
stations, representing major lake regions, TFfive times
each to provide water and organisms for 20 experimental
series. Samples were returned to the Ilaboratory for
enclosure experiments incubated in a large heated
outdoor tank for 3 to 5 days. Polyethylene enclosures
retained and/or excluded zooplankton.

Six species of cladocerans were found iIn samples

from Lake Chapala, with Ceriodaphnia pulchella as the



most abundant. Only two species of copepods occurred

but they were more abundant than the cladocerans. The

most Tfrequently encountered species was Diaptomus
albuquerquensis at an average density of 31.48 per
liter.

Zooplankton NH™M-N regeneration accounted for
14.5% of ambient NH™N-N concentration, for an average
turnover time of 7.8 days. Regeneration provided an
average of 33.0% of NH™-N uptake by phytoplankton
and 93.4% of the estimated nitrogen required for
phytoplankton production.

Zooplankton NH™M-N regeneration significantly
contributed to the NH™-N pool but did not supply
enough nitrogen to maintain phytoplankton production
all times during the study. Zooplankton NH™-N
regeneration was greatest in September when ambient
nitrogen concentrations were highest.

The effect of zooplankton on phytoplankton

at

production, biomass, and P/B ratio was less clear than

the effect of zooplankton in NH™-N regeneration.

Few significant differences in phytoplankton production

and biomass occurred between experimental and control

enclosures. The effect of zooplankton on phytoplankton

production and biomass seemed to change seasonally, as

NHN-N concentrations declined.



The presence of zooplankton improved phytoplankton
production efficiency (P/B) in the middle part of the
study. The relative change in phytoplankton P/B ratio
between experimental and control enclosures increased

from September to mid-October and declined thereafter.
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LITERATURE REVIEW

The role of nitrogen as a nutrient In aquatic
ecosystems is both important and complex- Although a
review of literature concerning the nitrogen cycle is
not the objective here, 1t is iImportant to provide some
perspective of nitrogen as a dynamic nutrient, which not
only enters and exits aquatic systems, but is subject to
utilization and molecular change within such systems as
well.

Nitrogen enters aquatic systems through rainfall,
runoff, and Tfixation of molecular nitrogen by blue-green
algae (Cyanobacteria) (Brezonik 1968, 1972; Dugdale
1976; Dugdale 1965). Nitrogen is lost (temporarily or
permanently) to the sediments (Kimmel 1977; Rowe et ad.
1977), through denitrification (Brezonik 1968, 1972;
Clasby and Alexander 1970; Gersberg 1977), by
volatilization ((Murphy and Brownlee 1981a) and outflow.

Within aquatic ecosystems nitrogen can readily
change molecular forms (Brezonik 1972; Dugdale 1976;
Gersberg et al. 1980; Kimmel and Goldman 1977). These
transformations result from biological processes
(Alexander 1970; Goldman and Kimmel 1978; Kimmel 1981),

and are subject to seasonal variations (Bostrom 1981;



Takahashi and Saijo 198la; Takahashi et al. 1982;
Vincent et. al. 1984) .

Knowledge of the role of zooplankton in the re-
generation of NHM-N and the contribution of re-
generation to phytoplankton uptake are important to an
increased understanding of the nitrogen cycle.

Phytoplankton uptake and zooplankton regeneration
are also important links in grazer - producer inter-
actions in aquatic ecosystems and will be discussed

below.

Phytoplankton Uptake of Nitrogen

Phytoplankton production requires nutrient
availability. Uptake of nitrogen as NO™-N or
NHN-N is an important process in phytoplankton
production (McCarthy 1981a, 1981b). Most studies of
nitrogen uptake involve marine species (Eppley et al.
1979a; Gilbert et al. 1982a; Goldman and McCarthy 1978;
Sharp et al. 1980), with relatively few freshwater
studies ((Axler 1979) .

Phytoplankton uptake of nitrogen is an enzyme
mediated rate process which transports NON-N or
NH-,-N across the cell membrane following Michaelis-
Menton uptake kinetics (Dugdale and Goering 1967; Eppley

and Rogers 1970; Wheeler et al. 1982a).



Phytoplankton uptake rates are affected by many
factors, iIn addition to substrate concentration.
Nitrate uptake and phytoplankton production in Castle
Lake, California were stimulated by additions of a
micronutrient, molybdenum (Axler et ad. 1980). Uptake
rates iIn N-limited cultures appear to decrease with
growth rate (Rhee 1978) but the capacity to assimilate
NON-N and NH™-N iIncreases with increased
N-Timitation (Eppley and Renger 1974).

Eppley et. ad. (1969) found low nitrate reductase
activity in the presence of NHMN-N. NH™-N is the
preferred form of nitrogen even when less abundant
(Gilbert et <al. 1982b; Takahashi and Saijo 1981b; Toetz
1981). McCarthy et ad. ((1977) found that very small
amounts of NH™M-N (0.5 - 1.0 ug-atom N/I) is
sufficient to suppress NO™N-N utilization.

Irradiance levels also affect phytoplankton uptake
rates of NON-N (Bates 1976) and NH™-N (Eppley et
al. 1971). Eppley et al. (1979b) found that NH™N-N
uptake rates varied with irradiance. Chlorophyll a
concentration, and NH™-N concentration. Uptake rate
was slow in the dark and increased with light, but
intense light suppressed NH--N uptake (Murphy 1980).

NHN-N uptake rates vary with phytoplankton

species and growth rate. Some species are able to



exploit NHM-N even when available for short periods
(Goldman and Gilbert 1982). Garside (1981) found
nitrogen uptake varied seasonally, being higher in
spring and summer, Jlower in fall and winter. Gilbert et
al. (1982c) Tound higher rates of NH"™-N uptake in

spring and summer also, which were i1Influenced by species
succession and correlated with temperature changes.

NH~-N is recycled rapidly (McCarthy 1972;

Takahashi and Ilkeda 1975). NHN-N uptake closely
follows remineralization. Phytoplankton are able to
utilize NHM-N at the rate it is produced by hetero-
trophic processes (Gilbert 1982). Axler et aj*. (1982)
reported a quasi steady-state of low NH™M-N con-
centration due to a balance between uptake and
regeneration in Castle Lake, California.

Phytoplankton growth (and uptake) may be i1nfluenced
by microscale patchiness. Phytoplankton growth may be
near the physiological maximum even when nutrient con-
centrations are low (Goldman et a*. 1979). Murphy and
Brownlee (1981b) found blue-green alga uptake changed in
response to large oscillations iIn NHM-N con-
centration allowing the alga to optimize uptake.

Phytoplankton uptake rates may vary even though
production is constant (Goldman et all. 1981a) .

NH™-n uptake processes may be "uncoupled”™ from



growth processes (Goldman et al. 1981b; Horrigan and
McCarthy 1982). Since growth and uptake can be
uncoupled, the ability of phytoplankton to utilize
nutrient patches is enhanced (McCarthy and Goldman
1979). Eppley (1981) states that balanced growth is not
likely and that uptake can be quite variable geo-
graphically and by time of day.

Dugdale and Goering ((1967) were the Tfirst to
distinguish between production from new (NOM-N) and
regenerated (NH"-N) forms of nitrogen. They
estimated that probably 10% of daily nitrogen uptake by
phytoplankton was supplied by zooplankton in the
Sargasso Sea, nhear Bermuda, whereas Olson (1980)
estimated that uptake between new and regenerated forms
of nitrogen was approximately equal iIn the Arctic Sea.

Uptake of regenerated nitrogen (NHM-N) may
account for a sizeable fraction of total nitrogen
uptake. Zooplankton regeneration therefore, may be
important to phytoplankton production within aquatic

ecosystems.

Zooplankton Regeneration of Nitrogen
Regeneration of nutrients by grazers is an

important aspect of aquatic ecosystems (Johannes 1968).

Though other grazers may add to regenerated NH,-N



(Madeira et al. 1982; Smith and Whitledge 1982)
zooplankton make the largest contribution.

Like phytoplankton uptake, zooplankton regeneration
is a rate process. Regeneration rates are influenced by
several fTactors including the method(s) used to measure
them Mullin et al. 1975). Most studies utilize some
type of enclosure to compensate for phytoplankton uptake
by removing phytoplankton ((Ganf and Blazka 1974),
saturating phytoplankton uptake (Lehman 1980a) , or
measuring nitrogen uptake concurrently with 15N
(Axler et al. 1981), though even more sophisticated
methods have been utilized, such as measuring excretion
from a single zooplanktor (Gardner and Scavia 1981).

Zooplankton regeneration changes seasonally and
with changes in metabolism (Conover and Corner 1968).
NH™-N excretion rates increase as temperature (Ganf
and Blazka 1974; Mayzaud and Dallot 1973) and
respiration (Mayzaud 1973b) 1increase. Mayzaud (1973a)
found nitrogen excretion rates increased iIn winter to
approximately twice that of spring and that the primary
excretion product was NH™-N.

The feeding state of zooplankton also affects
excretion rates. Starvation of zooplankton decreases
NHM-N regeneration rates (Mayzaud 1976; Takahashi

and lkeda 1975). Herbivores excrete less nitrogen than



carnivores (Blazka et al. 1982).

These seasonal and metabolic variations affect the
significance of zooplankton regeneration iIn aquatic
systems. Smith (1978) estimated that zooplankton
regeneration accounted for up to 25% of nitrogen uptake
by phytoplankton off the coast of Peru. Pegeneration
varied with the phytoplankton bloom, the dominant zoo-
planktor present and zooplankton biomass Tfluctuations.
Zooplankton regeneration off the coast of northwest
Africa may supply 44% of NH™-N demand of phyto-
plankton and 25% of total nitrogen in the water column
(Smith and Whitledge 1977) . Zooplankton regeneration 1in
Narragansett Bay contributed only 4.4% of nitrogen
required by phytoplankton on an annual basis but
supplied 186% of the nitrogen required during the post
bloom period by the dominant diatom (Vargo 1979).

Lake George, Uganda is a large shallow tropical
lake which is seasonally stable. Zooplankton re-
generation in Lake George is believed to be sufficient
to supply annual phytoplankton production needs (Ganf

and Blazka 1974).

Grazer - Producer Interactions

Recycling of zooplankton regenerated nutrients is

an iImportant link between zooplankton grazers and phyto-



plankton production processes. Zooplankton grazing can
adversely affect phytoplankton biomass and community
structure (Berman and Richman 1974; Comita 1972; Gilwicz
1975; Porter 1977), but it can also be iImportant 1in
nutrient regeneration (Lampert 1978; Lehman 1978).

Porter (1976) fTound that some algal cells can
survive passage through the gut of zooplankton and can
absorb nutrients leading to enhanced production after
being excreted. Grazers may be a rich localized source
of nutrients utilized by producers.

Zooplankton regenerated nutrients may supply a
sizable fraction of daily nitrogen and phosphorus for
phytoplankton production. Regenerated nutrients are
rapidly taken up, so pools of dissolved nutrients remain
small while turnover rates are rapid (Lehman 1980b).
Recycled nutrients are rapidly sequestered by algae and
contribute substantially to growth rates of cells. It
cycling fluxes are intense, less algal biomass is needed
to maintain a given level of productivity (Gilwicz 1976;
Lehman 1980a)

Redfield (1980) found a seasonal effect of
zooplankton grazing on phytoplankton production in
Castle Lake, California. Grazing 1iIncreased
Production:Biomass ratios through nutrient recycling 1in

mid-season (summer) but shifted toward negative effects



later In the season (fall). Both NH"™“N assimilation

by phytoplankton and phytoplankton production were
correlated with zooplankton regeneration in the later
hal¥ of summer (Axler et al.. 1981). Zooplankton

NH™-N excretion can supply a large part of phyto-
plankton nitrogen demand at certain times of the year in
Castle Lake. Nitrogen demand by phytoplankton and

NH™-N regeneration by zooplankton fluctuated

seasonally in Lake Kinneret, Israel as well Wynne and
Gophen 1986). Zooplankton supplied a monthly average of
only 17-20% of estimated nitrogen required, but values
ranged from 4 to 37%. Zooplankton did stimulate algal
growth as measured by cell counts and especially by
Chlorophyll a concentration.

Fish grazing can affect phytoplankton production
other than through nutrient regeneration and recycling.
Cooper (1973) Tfound enhanced primary productivity as a
result of grazing by Notropis, unrelated to nutrient
regeneration. If grazing pressure was not severe,
grazing decreased standing crop but production was
stimulated, a compensatory effect.

Zooplankton regeneration of NH™N-N may suppress
nitrogen TFfixation of blue-green algae in Clear Lake,
California (Roth and Horne 1981). NH-,-N regenera-

tion from zooplankton grazing primarily on non blue-



10

green species may be sufficient to inhibit blue-green
nitrogen fTixation which leads to a summer succession to

more edible forms of algae.









































































































































































































































































































