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Recently, some of the variance in primary productivity

observed in | akes has been associated with the variability
in piscivorous fish populations. This is because various

| evel s of zoopl ankton consunption by planktivorous fishes
result in varying grazing pressures on phytopl ankton
assenbl ages. This study proceeds fromthe idea that in
Jordan Lake, zooplanktivory may have strong effects on the
conmposi tion and chl orophyll concentration of the

phyt opl ankt on.

The investigation exam nes the ability of the
zoopl ankt on conmmmunity in a turbid, highly eutrophic
sout heastern reservoir to control phytoplankton inside
encl osures that excluded all fish. The reservoir has a
| arge standing crop of gizzard and threadfin shad, black
crappie, bluegill and several other centrarchid and cyprinid
pl anktivores. Six experinents conducted using one neter
di aneter encl osures between August and Septenber 1986 and
May to June 1987 suggested that zoopl ankton were capabl e of
reduci ng phytopl ankton bionass to very |ow | evels
I ndependent of nutrient concentrations when Daphnia spp. was
in the lake. The other dom nant zoopl ankton, although

Increasing in biomass in the absence of fish, did not reduce

phyt opl ankt on bi onmss.
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I NTRODUCTI ON

Traditionally, nutrients have been perceived as the
driving force of the trophic status of |akes and
reservoirs. However, nore recently the higher trophic
|l evel s of aquatic ecosystenms have been shown to
dramatically alter biological trophic indicators in | akes
i ndependent of nutrient inputs (Henrikson et al. 1980;
Leah et al. 1980; Lynch and Shapiro 1981; Shapiro et al.
1983; Shapiro and Wight 1984). Consequently, | ake
managenent can be approached not only by controlling
nutrient inputs, but also by nanipul ating | ake ecosystem
structure through the aquatic food web. Control of
nutrient inputs inpacts food webs at the bottom and these
perturbati ons nove up through each trophic |evel.
Ecosystem structure nani pul ati ons i npact food webs
primarily at the top, and these effects cascade down
t hrough each trophic level. The effects of these
mani pul ati ons have been call ed "bottom up" and "top down"
(Kerfoot 1987)

Hi gh | evel s of phytopl ankton bi onass have been
recorded in Jordan Reservoir during its first three years

of existence (Wiss et al. 1984; Wiss et al. 1985; Wiss
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et al. 1986). This excessive phytopl ankton growth has
been attributed to nutrient inputs and other abiotic
factors. However, application of the Dillon-Ri gler nodel
(Dillon and Rigler 1974) to predict the chlorophyll a
concentration in the | ake as a function of TP has produced
variable results (Wiss et al. 1985; Wiss et al. 1986).

In two different years, chlorophyll a varied by as much as
5-fold for the same TP (total phosphorus) concentrati on,
so TP could not have been the only inportant factor
controlling phytopl ankton grow h.

Recently, this unexplained variability in | ake
productivity has been exam ned through food web
interactions and their cascading effects on | ake
ecosystens (Carpenter et al. 1985; Carpenter and Kitchel
1987). The aut hors suggest that fluctuations in piscivory
propagate through the food web causi ng changes in
pl anktivory, herbivory and primary production. But, in
eutrophic, turbid, warm nononictic reservoirs, the
potential of "top down" control has not been exam ned.

Zoopl ankton and fish data in Jordan Reservoir are
scarce. The relative changes in phytopl ankt on,
zoopl ankt on, and pl ankti vorous and pi scivorous fish have
not been conpared since | ake was filled. This
investigation is an initial attenpt to address the
possi bility of phytoplankton control through food web

dynam cs, by exam nation of the relationship between
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zoopl ankt on and phytopl ankton in the absence of fish
predation. The results suggest that zoopl ankton can
rapi dly control phytoplankton independently of nutrient

i nputs, so long as planktivorous fish are absent.

TROPHI C STATUS OF JORDAN RESERVA R

The topography of the |land flooded by Jordan Lake and
road causeways divide it into four basins and nodify many
water quality paranmeters (Figure 1). As a result, segnment
2 of the | ake exhibits nesotrophic conditions while
segnent 4 of the lake fits classification as
hyper eutrophic on the basis of chlorophyll a and al gal
t axonom ¢ conposition (Weiss et al. 1984; Wiss et al.
1985; Weiss et al. 1986). As a whole, Jordan Lake can be
classified as eutrophic (Wiss and Kuenzler 1976).

The phytopl ankton of all four segnents of the |ake
has been dom nated by diatons, small green, and bl ue-green
al gae during the last few years (Weiss et al. 1984; Weiss
et al. 1985; Weiss et al. 1986). During the first year
after filling of the |ake, a Prymmesi ophycean,
Chrysochromul i na sp., was dom nant throughout the |ake
(Weiss et al. 1984). In years 2 and 3, Chlorophyceae was
dom nant by density and Cyanophyceae and Bacillariophyceae
were dom nant by biovolune. Total phytoplankton biovol une
decreased in year 2, partly because of a change to smaller
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forms, while density and biovol ume decreased in year 3
(Weiss et al 1985; Weiss et al. 1986). Larger cells have
consistently prevailed during the winter and spring, but
smal ler cells are preval ent during the sunmer and fal
(Figure 2). Mean biovolunme per cell decreased gradually,
so that small-celled species were increasingly inportant.
The concentration of chlorophyll a in Jordan
Reservoir has often exceeded the standard set by the North
Carolina Environnental Mnagement Conm ssion (Wiss et al.
1984; Weiss et al. 1985; Weiss et al. 1986). As a result,
the | ake has been classified as nutrient sensitive by the
North Carolina Environmental Management Conmi ssion and
efforts are being made to control point source inputs of
nutrients. As a supplenent to controlling nutrients,
reductions in algal biomass nmay al so be achieved by
Increasing grazing rates on the small, presumably edible
cells that domnate the Jordan Reservoir phytoplankton

conmuni ty.

THE PELAG C FOOD CHAI N

The pelagic food chain can be separated conceptual |y
into trophic levels as follows: al gae-zoopl ankton-
pl anktivorous fish-piscivorous fish. (Figure 3). Al gae
are the primary producers in the chain, and their

densities can be regulated by nutrients that restrict


NEATPAGEINFO:id=E928AA52-7D80-4A83-B854-ECF9ACA6677C


PHYTOPLANKTON SI ZE

D YEAR 1 2 YEAR 2 O Yt AR 3

8 B PR SA5 h fud e years


NEATPAGEINFO:id=51BE1A51-0FF3-404F-9004-363433E77E43


The Aquatic Food Chain

(Not to Scale)
rr.Ni><e
Nutrients
Figure 2. The aquatic food chain (not to scale)
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Figure 3 - Sinplified version of aquatic food chain

structure (Shapiro et al.

1983).
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rates of increase, and by zoopl ankton that restrict
nunbers by grazing (Sterner 1986). The anpbunt and ki nds
of zoopl ankton which are grazing on a popul ati on of al gae
are often regul ated by planktivorous fish predation
(Lazzaro 1987). In turn, piscivorous fish may regul ate
t he popul ations of planktivorous fish (MIls et al. 1987).
Thus, a food chain in a particular |ake can be
sinplified into two types. One type has four distinctive
trophic levels, with piscivorous fish at the top and small
popul ati ons of pl anktivores. Zooplankton densities w |
be high, and their grazing pressure on algae wll be
intense. A second type of food chain has only three
functional trophic levels due to the insignificance of
pi scivore predation. This food chain will be dom nated by
pl ankti vorous fish, will have very | ow zoopl ankt on
densities, and consequently, very little grazing on al gae.
To manage | akes with this second type of food chain to
achi eve | ower chlorophyll levels, piscivore populations
m ght be stocked to reduce popul ati ons of planktivores.
To explore the feasibility of this nanagenent strategy,
the rel ati onshi ps between each set of trophic | evels nust

be exam ned in greater detail
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ZOOPLANKTON FEEDI NG ON ALGAE

Zoopl ankton may be raptorial feeders, filter feeders,
or both. Raptorial feeders attack the |arger
phyt opl ankt on that cannot be consumed whole. The prey is
consuned by ingesting portions at a time using the nouth
parts. Cyclopoid copepods typically are raptorial feeders
and actively seek out the larger particles (Reynolds
1984). In contrast, filter feeders ingest the prey whole
by filtering themfromthe water colum. Because the prey
are ingested whole, the size of particle ingested is
physically limted by factors related to the size of the
zoopl ankton ingesting the particle (Burns 1968) . As a
zoopl ankter increases in size, larger particles can be
ingested. C adocerans are strictly filter feeders
(Reynol ds 1984; Hrbacek 1977). Cal anoid copepods wil|
filter feed on small particles and raptorial feed on |arge
particles (Allan 1976). Thus, the types of zoopl ankton
f eedi ng can be distingui shed between the classes of
zoopl ankt on.

The nunber of particles filtered per unit time is the
filtering rate. Individual cladocerans are capabl e of
filtering rates up to an order of magnitude higher than
filter feeding calanoid copepods of a simlar size (Peters
and Downi ng 1984; Allan 1976). Due to this difference,

cl adocerans will be able to maintain greater grazing
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intensity on algae than a sim | ar popul ation of cal anoid
copepods.

Filtering rates of zooplankton increase with
zoopl ankton size (Peters and Downi ng 1984). For exanpl e,
Reynol ds (1984) deternmi ned that an 0.8 mm | ong Daphni a
(cl adoceran) is capable of filtering 7.6 m per day while
a 2.1 mm Daphnia in the sane phytoplankton culture is
capable of filtering 62.6 m per day. Thus, phytoplankton
densities can be reduced at a nuch greater rate when the
mean si ze of Daphnia increases. Therefore, the type of
zoopl ankton as well as the size of the i ndividual

zoopl ankton influence the filtration rate of zoopl ankton

communi ti es.

ALGAE- ZOOPLANKTON SI ZE SPECI FI C REI ATI ONSHI PS

Si ze and type of algae are inportant for effective
grazer control of algae. Filtration or ingestion rates
di ffer anong zoopl ankton types for different size ranges
of algal cells. Calanoid copepods exhibit naxi mum
i ngestion rates for cells in the size of 82 um
Cl adoceran nmaxi mumingestion rates are for particles in
the size of 5 um (Peters and Downi ng 1984). Each of these
zoopl ankton types will also ingest a disproportionately

hi gh anount of size classes that are in the greatest

abundance froma mi xture of cells (Porter 1977). Thus,
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zoopl ankton feeding will concentrate on the particles in
the optimum si ze range as long as they are in abundance.
| f cal anoi d copepods have a sufficient supply of food in
the 82 um size range they will continue to filter in this
range. Likew se, cladocerans will concentrate their
feeding efforts on phytoplankton in the 5 umrange as |ong
as they are abundant. 1In a |l ake with an abundance of
smal | particles but with enough |arger particles to
satisfy the feeding of calanoids, the smaller particles
wi Il be neglected by the cal anoids (McNaught 1975).

Anot her factor which deterni nes the Kkinds of
phyt opl ankt on that are grazed is zoopl ankton si ze.
Comruni ties dom nated by small zoopl ankton are |ess
effective in reduci ng phytopl ankton than by | arge
zoopl ankton conmunities (Pace 1984; Vanni 1987a). This is
due to the increases in the range of phytopl ankton sizes
that can be efficiently ingested as the zoopl ankton
increases in length. Zoopl ankton comunities dom nated by
smal | individuals are generally restricted to a very
limted range of particle sizes and can effectively filter
only a small portion of the total algal biomass. In
summary, the type of zoopl ankton influences filtration
rate and cell size preference. Zoopl ankton size

influences filtration rate and the range of particles that

can be sel ect ed.

11
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According to the preference and the range of
particles that are sel ected, zoopl ankton can be classified
as specialist and generalist feeders. Specialist feeders
actively seek out particles in the preferred range and are
less efficient in grazing outside that particle range.
Ceneralists are able to filter at high rates outside the
preferred range of particles. Copepods are typically nore
speci alized feeders (Porter 1977). They actively seek out
the I arger particles (Reynolds 1984 ; Allan 1976; Gushi ng
1976) and, therefore, may better suited for control of
phyt opl ankton in waters that do not support dense
popul ati ons of small al gae. They do not seemto be
effective where an abundance of snall particles exists at
hi gh densities.

Cl adocerans are generalist feeders (Allan 1976).

They will feed on the preferred sizes as well as other
sizes of al gae. For exanple, copepods did not ingest
filanentous green or chain form ng di atoms, but Daphnia
was able to break apart and ingest these col onial and
filanentous al gae (Hargrave and Green 1970). d adocerans
can effectively control small phytopl ankton as well as

| arge, chain-formng types. This nakes them nore
effective than copepods for the control of algae typica

in eutrophic waters.

12


NEATPAGEINFO:id=6502C3C4-DC3C-46A7-802D-F6B6955B0B10


EUTROPHY AND ZOOPLANKTON GRAZI NG

In eutrophic | akes, nutrient enrichment results in an
i ncrease of nannopl ankton (< 50 urn) biomass (Gannon and
St emberger 1978; G lwicz 1975 Porter 1977; Reynol ds 1984;
Vanni 1987a). W thout zoopl ankton grazing, the
nannopl ankt on are dom nant because they are superior
conpetitors for available nutrients in relation to | arge
algae (G lwicz 1975; Porter 1977; MCaul ey and Briand
1979). However, with increased Daphnia grazing pressure,
| arge al gae increase to nmake up a greater proportion of
the algal population (Glw cz 1975; Lanpert et al. 1986;
Schoenberg and Carlson 1984). This woul d suggest that
Daphni a are effective in renoving al gae typical of
eut rophi ¢ | akes.

When | arge cells make up a greater proportion of
phyt opl ankt on comunity structure a favorable effect on
the clarity of the water can result. A given anmount of
matter distributed as finer particles is nore effective in
light extinction than the sanme quantity in coarser
congl onmerates (Hutchinson 1967). As a result, secch
transparency is nore sensitive to the nunber of particles
scattering light than their total mass (Ednondson 1980).
Therefore, secchi depth can be increased through a shift
fromsmall to | arge phytoplankton with no change in

bi omass (Henri kson et al. 1980).

13
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In a study of the spring clear water phase, Lanpert
et al. (1986) observed that Daphnia grew exponentially and
obt ai ned hi ghest bi onass on the sane day as greatest
secchi depth. Copepod bi onass renmi ned the sane throughout
this period. At high Daphnia filtration rates, water can
be cleared so rapidly that al gae are unable to adapt to
the inproving light conditions and replace thensel ves by
grow h before nost are renoved (Reynol ds 1984). Thus,
Daphni a popul ati ons are capabl e of increasing water
clarity where copepods have not been shown to do so
(Sterner 1986). Therefore, bloons of algae in eutrophic
| akes could be controll ed by abundant popul ati ons of
cl adocerans, particularly Daphnia when fish predation is
not a factor. However, the higher trophic |levels of the

food chain play an i nportant role.

PLANKTI VOROUS FI SH FEEDI NG ON 200PLANKTON

There are two general types of feeding behavior used
by pl anktivorous fish. Punp filter feeding and
particul ate feeding. Punp filter feeding fish use
rhythm c suctions of the nmouth to capture prey itens while
swnmmng slowy or remaining quite stationary (Lazzaro

1987). Particul ate feeders attack individual planktonic

14
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prey itens which they usually select fromthe water colum
(Lazzaro 1987).

Each type of feeding has a different effect on the
structure of zoopl ankton communities. Punp filter feeders
have hi gher feeding rates for the nore easily captured
types of zoopl ankton, but are not strongly selective on
the basis of size alone (Drenner, et al. 1984). The
resultant effect of punp filter feeding is a reduction in
zoopl ankton biomass with little shift in zoopl ankt on body
size (Lazzaro 1987).

Particul ate feeders are highly discrimnatory,
pi cking out |arger prey because they are nore visible
(O Brien 1979; Janssen 1976). Particulate feeding all ows
these fish to forage through a greater anount of water
than punmp filter feeders, but they do so selectively
(Zaret 1980). Both particulate and punp filter feeding
reduce the bi omass of zoopl ankton; however, particul ate
feeding tends to selectively elimnate the | argest

zoopl ankt on.

FACTORS AFFECTI NG PREY CAPTURE

Particul ate feeders nust see the prey to capture it.
Therefore, any factor which enhances the visibility of the
prey will enhance the capture rate. The reactive distance

is a concept that defines the greatest distance at which a
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fish can | ocate and will actively pursue the zoopl ankton
prey (OBrien 1979). A fish relies on reactive distance
to choose the prey to be pursued and eaten. Sever al
factors can i nfluence the reactive di stance of the fish
and, hence, whether the prey will be | ocated and eaten or
not .

Reacti ve di stance increases linearly with | ength of
prey. The smaller the zooplankton, the less likely it
will be | ocated and eaten. In experinments to exani ne the
effects of prey size, bluegill and crappi e never bypassed
a Daphnia over 1 mmin length (O Brien 1979).

Zoopl ankton prey that nove the |least are least |ikely
to be seen and eaten (Zaret 1980). Zoopl ankton typically
have two types of sw mm ng behavi or. Copepods and sone
cl adocerans swimin paddle-like thrusts that allow themto
glide snmoothly through the water. They renmnin notionl ess
for a brief period and then swi m agai n. Daphnia swimin a
hoppi ng fashion and continually renain in notion. This
swi nmi ng behavi or nakes Daphni a very conspi cuous to
pl ankti vorous fish. In addition, Daphnia have maxi hrum
burst sw nmi ng speeds of up to 0.74 cm per second, while
copepods can swimin bursts of 20 cm per second (Zaret
1980). The sl ower sw mm ng speed and conti nuous sw nmi ng

nmoti on nmake Daphnia an easily detected and preferred prey

item
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Transparency gives a strong advantage to zoopl ankton
exposed to fish predation (Confer and Bl ades 1975). The
nmore transparent the zoopl ankton, the shorter the reactive
di st ance becones to the planktivorous fish. Moi na and
Di aphanosona can co-exist with fish partly because they
are nearly transparent (Zaret 1980).

At high turbidity, reactive distance dimnishes to
| ow val ues and becones al nost i ndependent of prey size
(Vinyard and O Brien 1976). Thus, particul ate feeding
pl ankti vores detect fewer prey and are | ess size
selective. The likelihood of |arger and nore conspi cuous
zoopl ankt on such as Daphni a surviving increases at high

turbidity due to reduction in the reactive distance.

THE EFFECT OF PLANKTI VOROUS FI SH PREDATI ON ON ZOOPLANKTON

COVVUNI Tl ES

I nt ensi ve pl anktivorous fish predation results
essentially in elimnation of |arger zoopl ankton (Brooks
and Dodson 1965; Confer and Bl ades 1975; Henri kson et al.
1980; Zaret 1980). As a result, small zoopl ankton
typically less than 1.5 mmin |l ength, usually including
Bosm na and snal |l Daphnia. develop in | akes with many
pl ankti vores (O Brien 1979).

For a given prey size, planktivorous fish show a

preference for cladocerans (75% over copepods (25%
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(Serrula et al. 1980; OBrien 1979). |In addition, when
Daphni a are no | onger available, many fish switch to

bent hic fauna and i gnore copepods (Zaret 1980). This nmay
cause the elimnation of Daphnia and ot her |arge

cl adocerans, and all ow the enhancenent the popul ati ons of
copepods. Fish reduce the nunber of invertebrate
predators as well. These invertebrate predators, such as
Chaoborus, choose copepods, nauplii and small cl adocerans
over | arger Daphnia (Zaret 1980). The reduction of

i nvertebrate predators will further enhance snal

cl adoceran and copepod densiti es.

Bl OVANI PULATI ON

I n situati ons where nmanagement of nui sance al gae by
reducing nutrients is inpractical and/or unsuccessful,
i ncreasing grazing rates of zoopl ankton on phyt opl ankt on
may provide an alternate strategy for inproving water
quality through a decrease in algal density (Schoenberg
and Carl son 1984). The phytopl ankton in | akes where
nutrients are well above limting | evels should be nuch
nore sensitive to changes in predators than to reductions
of nutrients (Lynch and Shapiro 1981; Vanni 1986a). Such

attenpts to control phytopl ankton bi onmass by mani pul ati ng

trophic levels in aquatic ecosystens while naintaining the

same nutrient inputs are included in the concept of
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“bi omani pul ation". The feasibility of this "top down"
approach has been expl ored through encl osure and whol e
| ake experi nents.

Shapiro et al. (1983) conducted a series of enclosure
experinments in which bluegill sunfish were included and
excluded. The results showed that |arge Daphnia gal eata
were elimnated in the presence of fish and survived when
fish were excluded. When the |arge Daphnia gal eata were
not present, algal biomass increased to 16 fold over the
bi omass when Daphni a qal eata was present. Anderson et al.
(1978) found simlar results in their enclosure
experiments. Large Daphnia were again dom nant until fish
were introduced. Chlorophyll a rose to 440 ug/L inside
the enclosure with fish, and fell to 20 ug/L in the
enclosure without fish. In fish-free enclosures, there
was a m xture of small blue greens, cryptononads and
diatons. In enclosures with fish. Mcrocystis was
dom nant in the absence of |arge Daphnia. Schoenberg and
Carlson (1984) found the above changes to be evident in
their enclosures as well. In addition, they increased
t he bi omass of the small cl adoceran Bosni na to deternine
if it was capable of reducing and controlling algal
density. They determ ned that Bosm na was not capabl e of
control ling phytopl ankton bi omass. These encl osure
experiments produced water quality inprovenents in the

absence of planktivorous fish. No inprovenent in water


NEATPAGEINFO:id=31BA202A-C59A-4B3E-B564-2A2BF47C95E3


quality was detected when pl anktivores were present or
zoopl ankt on was doni nated by small forns such as Bosm na.
Several investigators have observed i nprovenents in
water quality in snmall |akes after planktivorous fish were
renoved (Henri kson et al. 1980; Leah et al. 1980; Lynch
and Shapiro 1981; Shapiro et al. 1983; Shapiro and Wi ght
1984). I n every | ake, Large Daphnia i ncreased and as a
result the grazing pressure on phytopl ankton i ncreased.
The smaller size ( < 50 um phytopl ankton were reduced due
to the abundance of Daphnia. Transparency increased and
the pH was | owered due to reduced consunption of C02 by

phyt opl ankt on.

STOCKI NG OF PI sCl VOROUS FI sSH

I f feeding activities of dense popul ati ons of
pl ankti vorous fish results in the reduction of zoopl ankton
bi onass and a resultant increase in algal biomass in
Jordan Reservoir, a reduction in algal bionass should be
achi eved by a direct reduction in planktivores (Andersson
et al. 1978). One way to reduce planktivorous fish and
consequently the resultant inprove water quality is to
stock piscivorous fish. |In Lake M chigan, the stocking of

sal noni ne pi sci vores has reduced popul ati ons of the
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pl ankti vorous alewife (Scavia et al. 1986; Dorazio et al.
1987). The reduction in alew fe has enabl ed | arge Daphni a
to become abundant along with a reduction in al gal bionass
and an increase in transparency.

If the Jordan Reservoir food chain can be influenced
in the sanme way through the stocking of piscivores, the
possi ble effects this nmay have are reflected in the

foll owi ng sequence of events.

1. | NTRODUCTI ON OF PI sClI VORES

2. REDUCTI ON OF PLANKTI VORES

3. | NCREASE | N DAPHNI A BI OVASS

4. | NCREASE GRAZI NG PRESSURE ON SVALL DOM NANT ALGAE
5. REDUCTI ON | N ALGAL BI AQVASS

6. DECREASE I N PH

7. 1 NCREASE I N SO_LUBLE NUTRI ENTS

OBJECTI VES OF STUDY

The present investigation is designed to: 1. Exam ne
the Jordan Reservoir plankton community and establish any
| ake wi de relationships and; 2. determnm ne whether
zoopl ankt on when not suppressed by pl anktivorous fish
predati on, can change the conposition and reduce the

bi omass of phyt opl ankt on.
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STATI ONS

The | ocations of stations sanpled for nonthly
zoopl ankt on and phyt opl ankt on enunerati on are shown in
Figure 1. The two stations in Segnment 4 are NHMG and
NH14. NH15 is located in the mddl e of Segnment 3 and
NH17 is located in the mddle of Segnent 2. Station NH15
was not sanpled on 5/13/86 and 6/4/86, nor was station

NH14 sanpl ed on 6/4/8 6.

FI ELD DATA COLLECTI ON

1. PHYSI CAL DATA

Al'l physical, chem cal and phytopl ankt on data
were collected in conjunction with the nonthly sanpling
of the B. Everett Jordan Lake Water Quality Study, Year
V. Tenperature, pH and di ssol ved oxygen wer e neasur ed

usi ng a Hydrol ab Surveyor 1I1

2. NUTRI ENT DATA
Water for nutrient analysis was punped from
vari ous depths using the Jabsco nodel 12460-0011 self-
primng punp. The flowrate was 1.7 gal/mn. Al sanple

bottl es used were aci d-washed and rinsed prior to use in
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the field. Polyethylene bottles (IL) were rinsed with
sanple water and then filled at the appropriate depth.
Sanples for total nutrient analysis were then transferred
to aci d-washed, 125 m pol yethyl ene bottles and preserved
with three drops of concentrated sulfuric acid to bring
the pH below 2. Sanples for dissolved fractions were
filtered in the field using a Schl ei cher and Schull pumm
syringe and Whatman G F filter. The Schl ei cher and
Schul | punp syringe and the Whatman G--F filter were
rinsed with distilled water between sanples. One sanple
rinse discarded before collecting the final sanple. Al
sanples were transferred to ice and kept for transport to

t he | aboratory.

3. ZOOPLANKTON STATI ON DATA

Zoopl ankt on were collected by slowy drawi ng a
3 0 cmnouth dianmeter, 80 um nesh zoopl ankt on net through
t he euphotic zone. The euphotic zone was deternined to
be the depth fromthe surface to one percent |ight
penetration. Sanples were imediately transferred to 30
m sanple bottles containing 3 m of 37%fornalin.

Sampl es were m xed and stored on ice until returned to

t he | ab.
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4. PHYTOPLANKTON DATA

Lake survey phytopl ankton speci es counts used
in the report were provided by Dr. Peter Canpbell. An
i nt egrat ed phyt opl ankton sanple was taken by pulling a
punped sanpl e hose slowy through the euphotic zone. One
subsanpl e was transferred to a polyethylene (0.5L) bottle
for chlorophyll analysis and another was transferred to a
30 mM glass bottle and preserved with a neutral Lugol's
solution. Lugol's solution was prepared by dissolving 60

granms potassiumiodine and 4 0 grans iodine crystals in

1000 mM distilled water. Sanples were stored on ice
until return to the | aboratory where they were stored in
the dark until anal ysis.

ENCL OSURE DATA

Al'l encl osure experinments were carried out in
Segnent 4 as close to NHMG as possi bl e dependi ng on the
depth of the water. Enclosures were put in water 2.5
meters deep to allow 0.5 neters of the enclosure to

remai n out of the water to prevent splash over.

ENCL CSURES

Encl osure 1 was a clear, one piece fiberglass

cylinder, 0.75 neters in dianeter and 3.1 neters in

l ength. Enclosure 2 was a two piece fiberglass cylinder.
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0.75 nmeters in dianmeter and 2.7 neters in length. The

bottons of both encl osures were open and nade of sheet

alum numto secure themin the sedi nents.

The fibergl ass

was 1/8 inch thick and the encl osure was constructed by

formng the fiberglass into a cylinder,

riveting the top

and mddle to angle alum numrings around the cylinder

and securing the rings with 3 angle al um num bars al ong

each si de.

Each encl osure was anchored to an iron rod

hamered into the sedinments and extendi ng out of the

wat er above the top of the encl osure.

The encl osure was

fitted with cable rings allowing attachnent to the iron

r od.

Table 1 -

Experi nment al

START

8/ 7/ 86

8/ 25/ 86

9/ 2/ 86

5/ 11/ 87

5/ 19/ 87

6/ 9/ 87

SANMPL ED

8/ 15/ 86

9/ 2/ 86

9/ 10/ 86

5/ 19/ 87
5/ 26/ 87

5/ 26/ 87
6/ 3/ 87
6/ 9/ 87

6/ 16/ 87

desi gn and sanpling schedul e

DAYS | N LAKE

15

15
21
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PHYSI CAL AND CHEM CAL DATA COLLECTI ON PROCEDURES

Upon arrival at the enclosures, the boat was slowy

positioned between the enclosures and the prevailing

wi nd. Anchors on the bow and the stern were | owered and
secured. The boat was maneuvered into position along side
the encl osures by adjusting the scope on both anchor
lines. Once the boat was secure, the enclosures were
sanpl ed. Secchi depth was immediately determned. Next,
sanples for nutrients and chlorophyl| were taken by
punpi ng water fromthe enclosures. Follow ng sanpling,
the Hydrol ab Surveyor Il was |owered through the mddle

of the enclosure to obtain neasurenents. Each of the

procedures were duplicated on the outside of the

encl osur es.

ZOOPLANKTON COLLECTI ON

After all other sanples had been taken, zooplankton
were collected in the enclosures with duplicate vertica
hauls from1.5 neters to the surface through the center
of the enclosures. The sanples were inmmediately
transferred to glass bottles and preserved with formalin

In the sanme manner as station zoopl ankton sanpl es.
Duplicate hauls were then made just outside the

encl osur es.
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LABORATORY DATA ANALYSI S

1. ZOOPLANKTON

Zoopl ankt on were enunerated by counting a subsanpl e
fromeach 30 ml bottle using two nethods. The first
met hod involved using a 10 m pipette which had the tip
renmoved. The opening of the pipette was 7 nm whi ch was
| ar ge enough not to inpede any zoopl ankton from bei ng
sucked into the subsanple. Zoopl ankton were shaken in the
bottle to evenly distribute them The pipette was
quickly lowered into the bottle and a 1 nl subsanpl e was
taken. This subsanple was di spensed into a gridded dish
whi ch contained a small anobunt of glycerin along the
bottom and the entire contents were counted and | engt hs
of all zooplankton were recorded to the nearest 0.05mm
Only the sanples for experinments 1-3 were counted using
this method. The second nethod was to obtain a subsanple
usi ng the Fol som Pl ankton Sanple Splitter. The entire
sanple was transferred to the splitter. A subsanple was
obt ai ned by sequentially dividing the sanple in half
until a mnimum of 100 organisns remained to count. This
subsanpl e was put into the gridded di sh and enuner at ed.

A conparison of the pipette nmethod with the pl ankton
splitter revealed a 20 % overestimation by the pipette

nmet hod. For encl osure experinents, this inconsistency
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was the sane for both the inside and outside sanpl es and
did not affect the conpari sons.

Zoopl ankton were identified to genus and when
possible, to species using the identification keys of
Ednmondson (1959) and Baker et al. (1984). Copepod
nauplii and copepodites were identified as a single
cl ass. Zoopl ankton | engths were converted to bi omass
using the |l ength-weight relationships derived in
Bottrell, et al. (1976). The raw results from each hau

are in Appendi x # 1.

PHYTOPLANKTON DATA ANALYSI S

Only experinments 1 and 3 were enunerated for
phyt opl ankton. This analysis was done by Dr. Peter H
Canpbel | inside and outside the enclosures using the sane

nmet hodol ogy as in Weiss et al. (1985).

NUTRI ENT ANALYSI S

Total Kjeldahl nitrogen was anal yzed usi ng Kopp and
McKee (1979), nmethod no. 351.2. Total phosphorus was
anal yzed usi ng Kopp and McKee (1979), nethod no. 365.4
These nethods were slightly nodified for determ nation by

the Orion Scientific auto anal yzer system
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RESULTS

MONTHLY SAMPLI NG

ZOOPLANKTON

Copepods accounted for nost of the biomass on each
sanpling date in the lake (Figure 4). Biomass was as high
as 110 ug/L and was consistently higher at stations NHVG
and NH14. In conparison, cladocerans nade up a snall
fraction of total zooplankton biomass (Figure 4). The
hi ghest cl adoceran bi omass was 7.5 ug/L at NHMG on
5/ 13/ 86, and val ues remained very lowrelative to copepod
bi omass throughout the entire sanpling period. Thus,

copepods made up nost of the biomass of the zoopl ankton

conmuni ty.
Di apt onus pal |i dus

Di aptonus pal lidus attained the |argest biomass
of any zoopl ankt on species in Jordan Lake. During each
sanpling date, this cal anoid copepod made up the majority
of the zoopl ankton sanpled. Diaptonus pallidus achieved a
bi omass as high as 90 ug/L at station NHMG (Figure 5).

Bi omass general |y declined down the | ake nmoving toward

NH17.
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CL ADOCCERANS
4
5
5 -
2 -
H
s/ 13/ ae «l 4/ 8e 7/« se al «/ B« al 27/ ae 6/i7/ ae lolislae
17vT  NHMC FT? NH14 g?* NHLS NHL7
COPEPODS
130
slijlae «l 4/ 86 7/iel ae 8/ el 8e 8/ 27/ 86 N 17/ ae 10/ 15/ 86
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Cycl ops vernalis

Cycl ops vernalis had the second hi ghest biomass
of all zoopl ankton sanpled (Figure 6). This cycl opoid
copepod was nore variable in biomass than D. pallidus.

Bi omass was greatest at stations NHMG and NH14 with a high
of 14 ug/L at station NHMG  This peak biomass of 14 ug/L

occurred during the nonths of May and Cct ober.
Mesocycl ops edax

Mesocycl ops edax had the third hi ghest biomass
found in the lake. Also a cyclopoid copepod, it did not
appear in the sanples until later in the sanpling season
(Figure 7). Bionmass was relatively |ow, reaching a high
of nearly 6 ug/L. Periods of high biomass were not
restricted to stations NHMG and NH14 as in the previous
two species of zoopl ankton. The appearance of Mesocycl ops
edax seened to be associated with increasing tenperature

and i ncreasi ng phytopl ankt on abundance.

Copepod Naupl i

Pul ses in the biomass of nauplii were simlar to

pul ses in biomass of adult copepods (Figures 4 and 8).
Daphni a spp.

Daphnia spp. did not attain a high biomass in

the | ake and al nost conpl etely di sappeared fromthe
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Figure 6 - Biomass of Cyclops vernalis throughout the | ake
during the sanpling period.
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Figure 8 - Bionmass of copepod nauplii throughout the |ake
dufing the sanpling perio
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sanpl es after 5/13/86. The first sanple date contai ned
t he hi ghest bi omass determ ned t hroughout the sanpling
period (Figure 9). This high of 6.5 ug/L was a smal |
portion of the zoopl ankton conmunity. Daphnia spp. was
the only zoopl ankton to be present in the May sanpl e and

then abruptly decline in the | ake.

D aphanosona sp.

Di aphanosona sp. had the hi ghest bi omass of all
cl adocerans, and increased in biomass later in the
sanpling period. It attained a high of nearly 3 ug/L
(Figure 10). Interestingly, Di aphanosona sp. increased at

about the sane tine Daphnia spp. declined (Figure 9).

Bosroi na lonqgirostris

Bosmina longirostris nade up a very snal
portion of cladoceran biomass (Figure 11). An overl apping
ti me sequence was observed anong the three cl adocerans.
Daphni a spp. (Figure 9) was present in My, Bosm na
longirostris (Figure 11) was present in May through August

and D aphanosoma sp. (Figure 10) was present fromJuly to

Cct ober.
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Figure 9 - Bionmass of Daphnia spp. throughout the |ake
during the sanpling period.
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O her zoopl ankt on

O her zoopl ankton were found during the sanpling
period, but these were usually as isolated individuals,
during a single sanpling event or during the enclosure

experinments. These zoopl ankton were as fol |l ows:

Tropocycl ops prasinus, Mdina micrura. Chydorus sphaericus,

Al ona nonacant ha. Leydi gi a guadrangul aris. Sida

crystallina and Hol opodi um anazoni cum

PHYTOPL ANKTON

Chl orophyl | a
Chl orophyll a was |owest in May and June and
i ncreased during July and early August reaching a high of
157 ug/L at station NHMG (Figure 12). Chlorophyll a then
declined during | ate August and Septenber but increased on
the final sanpling date in Cctober. Val ues were highest

at NHMG and declined through the |ake to NH17.

Phyt opl ankt on si ze

Phyt opl ankt on size was | argest in May, and then
declined to a smaller size throughout the remaining
sanpling period (Figure 13). Larger size of phytoplankton

were present in the spring at |ower chlorophyll a val ues
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Figure 12 - Chlorophyll a throughout the |ake during the
sanpl i ng peri od.
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while the small phytopl ankton were associated wth high

chl orophyl|l a values (Figure 12).
Abundant Phyt opl ankt on C asses

Baci |l | ari ophyceae attai ned the hi ghest biovol une
during the spring and fall (Figure 14). Cyanophyceae was
t he dom nant phytopl ankton class during the sunmer nonths
(Figure 15). It was abundant in all segnents of the | ake
t hroughout the sanpling period and particularly NH15 in
| ate August. The highest biovolunes for this class were
attained at stations NHMG and NH14. Chl orophyceae was as
abundant as the ot her phytoplankton at tines throughout
the sanpling period. G eatest biovolune was at stations
NHMG and NH14 (Figure 16). The | owest biovolunes were
observed in | ate August. Eugl enophyceae nade up a snaller
portion of total phytoplankton biovol une. Biovol une was
hi gher at station NHMG and in nost instances declined
nmovi ng down | ake to NH17 (Figure 17). Biovolume renained
relatively consistent with the exception of August 6.
Crypt ophyceae nade up a snaller portion of phytopl ankton
bi omass as well. [Its distribution and abundance was very

simlar to that of Eugl enophyceae (Figure 17 and 18).
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ENCL CSURE EXPERI MENTS

ZOOPLANKTON

Di apt onus pal |l i dus

D apt onus pal lidus increased in biomass inside
the encl osures during the first week in all six of the
experinments (Figure 19). Biomass did not change markedly
outside the enclosures. By the end of the week bionmass
| evel s inside the enclosures were nmany tines greater than
densities outside the enclosures in the | ake. The large
( >1 mMm size classes of this copepod did not dom nate

the gromh inside the enclosures. Bionmass of all size

cl asses i ncreased i nside the enclosures rel ative to

out si de (Figure 20).

Cycl ops vernalis
The bi omass of Cyclops vernalis increased

inside the enclosures during the first week in all the
experiments (Figure 21). The greatest increase in bionass
inside the enclosures relative to the outside was during
experinments 1 and 5. During the remaining experiments,
there were smaller increases inside. Cyclops vernalis
inside the enclosure attained | arger body sizes (Figures
22). In all of the experiments, individuals of length 1
mm and | onger devel oped inside the enclosure while outside

t he encl osures individuals [onger than 1 nmdid not occur
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Figure 19 - The changes in biomass of Diaptomnus pallidus

t hroughout each experinment. "IN TIAL" = conditions at the
initiation of the experinent; "LAKE'" = conditions outside
encl osures and "ENCLOSURE" = conditions inside encl osure.
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Figure 21 _ The changes in biomass of Cyclops vernal is

t hroughout each experinent. "IN TIAL" "= conditions at the
initiation of the experiment; "LAKE' = conditions outside
encl osures and "ENCLOSURE" = conditions inside enclosure.
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(Figure 22) The snaller size classes increased inside the

encl osures as wel | .

Mesocycl ops edax
Mesocvcl ops edax. al though | ess abundant than

t he ot her copepods, increased in bionmass during the first
week of the experinents inside the enclosures (Figure 23).
In experinments 1-3, Mesocycl ops edax attai ned nuch hi gher
bi omass inside the enclosures than in experinents 4-6.
This may be attributed to the higher bionmass in the | ake
at the beginning of the first three experinents. Size

frequency data were onitted because too few were coll ected

out si de t he encl osure.

Copepod nauplii
Copepod naupliar bionass increased inside the
encl osures during the first week in all of the experinents
(Figure 24). The pattern of increase in bionmass was very
simlar to that of the adult copepods in each experinent

(Figure 19, Figure 21, Figure 23).

Daphni a spp.

| f Daphnia spp. was present in nmeasurable nunbers at

t he begi nning of each experinment during the first week, it

i ncreased in bionmass inside the encl osures (Figure 25).
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Figure 25 - The changes in biomass of Daphnia spp
t hr oughout each experinent. "IN TIAL" = conditions at the

initiation of the experinent; "LAKE' = conditions outside
encl osures and "ENCLOSURE" = conditions inside encl osure.
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I ndi vi dual s i nside the enclosure generally did not achieve
a larger size than those found outside the enclosure

(Figures 26).

D aphanosoma sp.

Di aphanosona sp. biomass increased inside the
encl osures in experinents 1-3 and experiment 6 during the
first week (Figure 27). In experinents 4 and 5,

Di aphanosona sp. was not present outside the encl osures at
t he begi nni ng of the experinments. I n experinment 5,

Di aphanosona sp. appeared outside the enclosure during the
course of the experiment but was not present inside the
encl osure. Wien D aphanosona sp. was present inside the
encl osures, its biomass increased to high levels relative

to i ncreases outside the encl osures. Densities of all

size cl asses increased inside the encl osures (Figure 28).

Moi na m crura

Moi na micrura biomass followed a simlar pattern
to that of Di aphanosoma sp. inside and outside of the
encl osures during the first week (Figures 27 and 29). It
was not as abundant as Di aphanosoma sp., but it appeared

at the sane tine and i ncreased i nside the encl osures

during the sane experinents.
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Figure 29 _ The changes in biomass of Mina mcrura

t hroughout each experinent, "INTIAL" = conditions at the
initiation of the experinent; "LAKE" = conditions outside
encl osures and "ENCLOSURE" = conditions inside encl osure.
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Bosmi na | onairostris
Bosnina lonairostris was only present in
experinents 4-6 (Figure 30). In these experinents,
bi onass i ncreased inside the enclosure to relatively high

anounts only in experinent 5. In experinents 4 and 6,

bi onass remai ned at the | ow | evel s both i nside and outsi de

of the encl osur es.

PHYTOPL ANKTON

Chl orophyl |l a

| nsi de the encl osures, chlorophyll a was
reduced in four of the six experinents relative to
concentrations outside the enclosures(Figure 31). 1In
experinent 1, chlorophyll a increased outside the
encl osure during the course of the experinents and
renmai ned at the sane | evel inside the encl osure. In
experinment 6, chlorophyll a increased inside and outside
of the enclosure. |In experinments 2-5, chlorophyll a
|l evel s remained simlar during the experinents outside the
encl osures while inside the enclosures |evels were greatly
reduced. In experinents 2 and 5, chlorophyll a fell to

bel ow 6 ug/L.
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Phyt opl ankt on si ze

I n experiment 1, phytopl ankton size renni ned
approxi mately the sane both outside and inside the
encl osure (Figure 32). In experinent 3, phytopl ankton size
becane slightly small er outside the enclosure and much
|l arger inside the encl osure. From t hese experinents, the
reduction in chlorophyll a (Figure 31) in experinent 3 can
be associated with an increase in the size of
phyt opl ankt on. In the sane way, the high chlorophyll a in

experinent 1 can be associated with small er phytopl ankton

cell size.

Phyt opl ankt on conposi ti on and bi ovol une

Phyt opl ankt on bi ovolune was little affected
during experinent 1 (Figure 33). Cyanophyceae i ncreased,
Chl or ophyceae and Bacil | ari ophyceae renmi ned very close to
the sanme | evel, and Eugl enophyceae and Chrysophyceae
decreased by a snumll anount. Overal |, phytopl ankt on
bi ovol une was not reduced inside during experinment 1, but
Baci | | ari ophyceae i ncreased substantially outside. In
experiment 3, biovolvunes of all classes of phytopl ankton
wer e consi derably reduced inside the encl osure (Figure
34). Only Eugl enophyceae, which are doni nated by | arger
cells that may not be easily grazed by zoopl ankton,

decreased nore in biovolune outside the encl osure than

i nside during the experinental period. Al other forns of
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phyt opl ankton, including Cyanophyceae, fell to |ower

| evel s i nside the encl osure.

NUTRI ENTS

Tot al Phosphorus and Total Kieldahl Nitrogen

Total phosphorus remained very close to the same
| evel throughout all of the experinents (Figure 35). In
some experinents |evels changed fromthe initial
conditions to the final conditions, but these changes were
just as great outside the enclosures as in. Total
Kj el dahl nitrogen fluctuated considerably anmong the
experinents (Figure 36), but concentrations outside the
encl osure at the beginning were very close to
concentrations inside and outside at the end of each
experinment. Total Kjeldahl nitrogen as with total
phosphorus did not differ inside and outside the

encl osur es.

Total Dissol ved Phosphorus and Dissol ved Ki el dah

Ni t r ogen

Total dissol ved phosphorus concentrations were
el evated inside the enclosures in experiments 2, 3, 5 and
6, but were very simlar outside the enclosures (Figure
37). Experinments 2, 3 and 5 had greater increase while
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Figure 35 - The concentrations of total phosphorus

t hroughout each experinment. "IN TIAL" = conditions at the
initiation of the experinent; "LAKE' = conditions outside
encl osures and "ENCLOSURE' = conditions inside encl osure.
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experinments 1 and 4 decreased or showed little change.

Di ssol ved Kj el dahl nitrogen was el evated inside the

encl osures in experinents 2, 3 and 5 (Figure 38). In
experiments 1, 4 and 6, concentrations inside the

encl osures renmined simlar to concentrati ons outside.
Overall, dissolved nutrients increased in experinments with
| arge reductions in phytoplankton bi onass while total

nutrients changed little.

PHYSI CAL PARAMETERS

Di ssol ved Oxygen
Di ssol ved oxygen was generally | ower inside the
encl osures than outside (Figure 39). It was quite
vari abl e and dependent on tine of day when neasured.
However, with | ess phytopl ankton bi ovol uroe and chl or ophyl |
a inside the enclosures, dissolved oxygen declined as
well. In experinent 3, dissolved oxygen fell below 4 ng/L

whi ch coul d be consi dered undesirably | ow

EH
pH remai ned at approxi mately the sane |evel inside
and outside the enclosure except in experinent 2 (Figure

40) .
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Figure 39 - The concentrations of dissolved oxygen at the
surface throughout each experinment. "INTIAL" = conditions
at the initiation of the experinment; "LAKE' = conditions
out si de encl osures and "ENCLOSURE" = conditions inside

encl osure. Dissol ved oxygen was not neasured initially
duri ng experi nent 2.
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Secchi Depth

Secchi depth was unchanged in experinents 2-3
but did change in experinents 1, 4, 5, 6 (Figure 41).
Val ues outside the enclosures in experinents 2 and 3 were
the sane as values inside the enclosures. |In experinents
1 and experinents 4-6, secchi depth increased inside the
encl osures while staying relatively the same during the
sanme period outside the enclosures. During experinent 5,

secchi depth did increase outside as well as inside the

encl osur es.

EXTENDED EXPERI MENTS

Experinment 4 was extended for an additional week and
experinment 5 for two additional weeks. These experinents
were conducted to exam ne what additional changes woul d

take pl ace between the new zoopl ankt on and phyt opl ankt on

conmuni ti es.

Copepods
Copepod popul ati ons decreased substantially
after a period of time in both experinments. |n experinment
4, bi omass which had doubl ed during the first week inside
the encl osure, was reduced to levels equal to the outside
popul ations by the second week (Figure 42). |In experinent
5, biomass continued to increase throughout the second

week to very high levels and then fell to |levels equal to
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Figure 41 - Secchi depth throughout each experi nment.
"INFTIAL" = conditions at the initiation of the experinent;
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conditions inside enclosure. Secchi depth was not neasured
initially during experinment 2.
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the outside after the third week (Figure 43). Copepod
popul ati ons inside the encl osures were consistently

reduced to levels equal to the outside after two to three

weeks i nside the encl osures.

After one week of experinent 4, copepods becane very
abundant in the large as well as the small size classes
inside the enclosure (Figure 44). But during the second
week, the large size classes were no |onger present in the
popul ati on and the popul ati on inside the encl osures
resenbled that of the outside . |In experinment 5, the
abundance of snmll copepods noved into the | arger size
cl asses after the second week (Figure 45). Total copepod
bi omass was nuch | ower during the second week. During the
third week, all of the size classes were reduced |eaving a
popul ati on i nside the encl osure nmuch snaller both in

nunbers and in biomass than the outside popul ation.

Cl adocer ans

Cl adocerans did not show consi stent results

bet ween the two extended experinents. |In experinent 4,

cl adocerans continued to increase in biomss throughout
the second week (Figure 46). In experinent 5, cladoceran
popul ati ons decreased to biomass | evels equal to the
outsi de after the second week and remai ned at that | evel
into the third (Figure 47). One inportant difference

bet ween the two experinments was the nunber of cladocerans
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in experinent 4 as conpared to experinent 5. Bionmass in
experinment 4 was only a fourth of that inside the
encl osure in experinent 5.

Cl adoceran si ze frequency distribution did not change
during experinent 4. Fromweek 1 to week 2, the | arger
i ndi vidual s persisted while the smaller individuals
declined (Figure 48). During week 2, the inside
popul ati on was conposed of both |arge and smal
i ndividuals, while in the outside population only snall
i ndi vi dual s were abundant. [Inside the encl osure during
experi ment 5, the abundance of individuals during the
first week declined in the second week and di sappeared at
the third (Figure 49). The reduction of individuals was
uni form across all size classes in both experinents. The
out si de popul ation stayed rel atively unchanged during the

experi nent.

Chl orophyl | a
Chl orophyll a in the extended experinents
continued to decline with tinme. In experinent 4, values
conti nued to decrease inside the encl osures as val ues
outside the encl osures continued to increase (Figure 50).
In experinment 5, chlorophyll a declined very rapidly
during the initial week, stayed at that |evel during the
second week, and then began to increase during the third

(Figure 51). In both experiments, chlorophyll a renmained
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DI sCcussl ON

JORDAN LAKE ZOOPLANKTON COVMUNI TY

Smal | Body Size of the Zoopl ankton Conmunity

A distinguishing feature of the Jordan Lake
zoopl ankton comunity is that individuals have small body
si zes. Predation has been shown to cause a snuller size
i n zoopl ankton (Gophen and Landau 1977; O Brien 1979;
Vanni 1987a). The small size of the Jordan Lake
zoopl ankton is evident fromthe size frequency data for
t he dom nant species of zooplankton in the |ake (Figures
20, 22, 26, 28). In all of the zoopl ankton measured, the
| argest individuals never exceeded 1.5 mm Vanni (1987
b) observed that zooplankton comunities typical of
fishless | akes had a nmean individual body size of 2 mm
Therefore, the small size of the Jordan Lake zoopl ankton
may be a response to heavy predation pressure.

Di apt omus pal l'idus (Figure 20) had a greater
concentration of individuals over 1 mm outside the
encl osures during the experinents than the other dom nant

zoopl ankt on species (Figures 22, 26, and 28). Drenner et
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al. (1982) observed that gizzard shad actual |y enhanced
t he popul ations of Diaptonus pallidus in small pond
experinents. The shift toward |arger sizes in this
species may be a response to gizzard shad predation.

The Daphnia sp. in Jordan Lake consisted primarily
of Daphnia parvula. Stavn (1975) hypothesized that
Daphni a catawba. which was the dom nant species of
Daphnia in North Carolina watersheds in the early 1900's,
was replaced by Daphnia parvula and Daphnia anbiqua with
the introduction of threadfin shad. Threadfin shad are
particul ate feeders that have the ability to selectively
feed on | arge Daphnia (Baker and Schmtz 1971). The
smal | er size of Daphnia parvula and Daphnia anbi qua may
have enabled these forns to coexist with this
pl anktivore. Shapiro et al. (1983) observed a simlar
shift fromthe | arge Daphnia pulex to the snall Daphnia
parvula in enclosure experinents in Mnnesota | akes.
Vanni (1987a) denonstrated how fish prevent cladocerans
fromattaining large sizes. The dom nance of Daphnia
parvula in Jordan Lake therefore is consistent with the
presunption that zooplankton are controlled by
pl anktivory. Predation seems to drive the Daphnia
popul ation to extinction during the summer and fal
season (Figure 9). Both patterns point to gizzard shad

as inmportant planktivores in the system
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Phyt opl ankt on do not appear to be a factor in the
summer decline in zoopl ankton abundance. Total
zoopl ankton density decreased (Figure 4), while
phyt opl ankt on increased (Figures 14-18). |Increases in
al gal bi ovol ume shoul d provi de expanded resources for
zoopl ankt on and support increases in bionmass. |nstead,
zoopl ankton bi omass is observed to decrease. Moreover,
Daphni a spp. disappears fromthe |lake. Therefore, the
sunmmer and fall zoopl ankton comunities woul d appear to
be nore likely a result of the increased planktivorous

fish predation which intensifies in l[ate May and early

June.

PRESENT | MPACT OF THE ZOOPLANKTON COVMUNI TY ON

PHYTOPL ANKTON

Zoopl ankt on grazing can structure the phytopl ankton
community in several ways. Large size of the
phyt opl ankt on i s advantageous agai nst grazing. |n many
| akes it has been documented that the proportion of |arge
al gae increases with increased grazing (Glwcz 1975;
Lanpert et al. 1986; Reynolds 1984). 1In Jordan Lake this
pattern seems evident. A decline in mean size of
phyt opl ankton in Jordan Lake follows the decline of
Daphni a spp. (Figure 9). Wen Daphnia spp. is abundant
in spring, the size of phytoplankton is larger on the
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average (Figure 13). The nean size of phytopl ankton was
also larger in the spring for two out of the three
previous years (Figure 1). |If this is a trend, then
Daphni a spp. nay be a principle cause of |arger cell

si zes anobng the phytopl ankt on before Daphnia spp. are
reduced by predation in summer.

Al gae whi ch coexi st with abundant zoopl ankton have
durable cell walls and gel ati nous sheaths to protect them
from physi cal danage during passage through the
zoopl ankton gut (Porter 1977). In Jordan Lake, the
phyt opl ankt on conmunity is domi nated by snmall green
al gae, di atons, and bl ue-greens which do not exhibit any
of these traits (Wiss et al. 1984; Wiss et al. 1985;
Weiss et al. 1986). The nmjority of phytopl ankton are
grazeable forns, with the exception of sone bl ue-greens.
This is to be expected given the | ow zoopl ankt on bi omass

and doni nance copepods (Figure 4)

ENCL CSURE EXPERI MENTS

Zoopl ankt on

The encl osure experinments were designed to determ ne
how t he pl ankton conmmunity woul d change foll ow ng the
exclusi on of planktivorous fish. Wen planktivore
predati on pressure is renoved, the zoopl ankton community

should i ncrease in bionass, increase in size, and shift
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toward a greater proportion of Daphnia in the comunity
(Zaret 1980).

In all of the experinents, zooplankton biomass
increased during the first week after excluding fish
(Figure 19, Figure 21, Figure 23, Figure 24, Figure 25,
Figure 27, Figure 29). The anount of increase varied
between experinents, but all of the zooplankton present
inthe lake at the tine of the experinents increased
inside the enclosures. The increase in total bionmass of
zoopl ankton inside the enclosure supports the hypothesis
that predation is the domnant factor controlling the
bi omass of zooplankton in the |ake. Because all species
of zooplankton increased inside the enclosures, it seens
that copepods as wel| as cladocerans are being controlled
by planktivores in this |ake.

The size classes of zooplankton were affected inside
the enclosures (Figures 20, 22, 26, 28). In severa
experinments a greater proportion of individuals 1 nmand
over were present inside the enclosures as conpared with
out. However, the increase in abundance of all size
classes of zooplankton inside the enclosures was nore
noticeable (Figures 20, 22, 26, 28). Because it is a
punp filter-feeder, gizzard shad woul d suppress the snal
as well as the larger sizes of zooplankton (Drenner et
al . 1982; Lazzaro 1987). Particulate feeding
planktivores such as crappie tend to feed selectively on
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the | arger zooplankton first (Lazzaro 1987) . Thus, if
particul ate feeders such as threadfin shad and crappie
wer e having the greatest inpact, the zoopl ankton inside

t he encl osures woul d be expected to shift to a |arger
size during the first week. Instead, all sizes increased
in biomass. It can be concluded that gizzard shad have a

greater inpact than other planktivores in the |ake.

PHYTOPL ANKTON

The size and conposition of phytoplankton inside the
encl osures varied with the conposition and bi onass of
zoopl ankton that devel oped in each experinent (Figures
32-34). This effect is illustrated by conparing
experinents 1 and 3.

I n experiment 1, the zoopl ankton community was
dom nated by copepods (Figure 19, Figure 21, Figure 23,
Figure 24, Figure 25, Figure 27, Figure 29). The
I ncrease in zoopl ankton biomass that resulted inside the
encl osure did not have a substantial effect on the
phyt opl ankt on comunity (Figures 32-34). This may be
because nost of the feeding was done by the |ess
efficient copepods. The three dom nant copepods,

Di apt onmus pal I i dus. Mesocycl ops edax and Cvclops vernalis
are ommivorous (Zaret 1980; WIIianmson and Butler 1986;

Vanni 1987b). WIIliamson and Butler (1986) showed that
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i ngestion of rotifers by D aptonus pallidus and
Mesocycl ops edax increased with food concentration.
Cl earance rates on rotifers was 5.5 to 6.2 tines greater
than on al gae at the sane concentration. Cyclops
vernalis preys upon Bosm na sp. and other small
cl adocerans (Zaret 1980). Therefore, increases in these
copepods m ght not directly reduce the phytopl ankton
communi ty and may indirectly enhance growth of snal
phyt opl ankt on by decreasing the herbivory of rotifers and
smal | cl adocer ans.

The resul tant phytopl ankton community of experiment
1 was dom nated by smaller cells (Figure 32). The
dom nant cl asses of phytopl ankton present at the
initiation of the experinments were not reduced in
bi ovol une inside the enclosure (Figure 33). Blue-green
al gae increased, chlorophyll a was only slightly reduced,
and phyt opl ankt on si ze decreased inside the enclosure.
Essentially, the signs of eutrophy still persisted
i nside the enclosure as well as out.

During experinent 3, Daphnia spp. appeared in the
| ake (Figure 9). The sudden appearance may be attributed
to heavy rains during this period. The resultant
fl ooding of the | ake would reduce visibility for
particul ate-feedi ng planktivorous fish and therefore
especi al |y enhance survival of Daphnia spp. (Vinyard and

O Brien 1976). Inside the enclosure, zooplankton biomass
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increased as in experinent 1, but the community

conmposi tion had changed. Daphnia spp. now nade up a
significant portion of the zooplankton conmmunity.
Phyt opl ankt on size in experinment 3 increased inside the
enclosure (Figure 32). Al classes of phytoplankton were
grazed down to very low levels (Figure 34). Blue-green
al gae were grazed as readily as other forns. Chlorophyll
a was reduced to a low level relative to conditions
outside the enclosure. The difference between experinent
1 and experiment 3 was the presence of Daphnia spp. |Its
presence had a substantial inpact on phytopl ankton.

By using chlorophyll a as an index for phytoplankton
bi omass, experinments 2, 4, 5, and 6 support this
observation (Figure 31). In experinment 6, when Daphnia
spp. was not in the | ake, chlorophyll a inside and
out side the enclosures was simlar despite increases in
t he bi omass of the other dom nant zoopl ankton (Figure 19,
Figure 21). \en Daphnia spp. was in the | ake during
experiments 2, 4 and 5, it increased in biomass inside
t he encl osures and reduced chlorophyll a to extrenely | ow
l evels relative to outside (Figure 25, Figure 32).
Reduction in chlorophyll a inside the enclosures was a
function of Daphnia spp. biomass (Figure 52).

This trend applied to the extended experinments as
well. Chlorophyll a was initially reduced in and

continued at very low levels in experinments 4 and 5
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"3

NSI DE ENCLOSURE

EXPERI MEMT
D DAPHNI A CHL A

Figure 52 - Algal and Daphnia spp. biomass inside the
enclosure in experinents 1-6. (CHL A) = Chlorophyll a.
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(Figures 50 and 51). In experinent 4, this continued
decrease in chlorophyll a (Figure 50) paralleled a
continued increase in cladocerans (Figure 46) and a
decrease in copepods (Figure 42). During experiment 5,
the very rapid decline of cladoceran bionmass during the
second and third weeks (Figure 48) may have been was the
result of very |ow grazeabl e phytopl ankt on bi onmass as

I ndi cated by chlorophyll a (Figure 51). The increase in
copepod biomass through the second week (Figure 44)
seened i ndependent of the concentration of chlorophyll a
(Figure 51). During the third week copepods decli ned,

but in the second week they increased in bionass.

Perhaps they were responding to increased prey densities.

Reductions in algal biomass were best associated with
changes in cladoceran biomass. Copepod reductions and

i ncreases were independent of changes in chlorophyll a .

WATER QUALI TY PARANMETERS

Secchi depth increased inside the enclosures when
sediment turbidity was not a factor (Figure 41). In
experinments 2 and 3, sediment turbidity prevented a
Increase in transparency. Nevertheless, the increased
turbidity fromsedinments did not prevent Daphnia spp.
fromreducing chlorophyll a inside the enclosures. In

experiments 4 through 6 when inorganic turbhidity was
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(Figures 50 and 51). In experinment 4, this continued
decrease in chlorophyll a (Figure 50) paralleled a
continued increase in cladocerans (Figure 46) and a
decrease in copepods (Figure 42). During experiment 5,
the very rapid decline of cladoceran biomass during the
second and third weeks (Figure 48) may have been was the
result of very |ow grazeabl e phytopl ankton biomass as

i ndi cated by chlorophyll a (Figure 51). The increase in
copepod biomass through the second week (Figure 44)
seemed independent of the concentration of chlorophyll a
(Figure 51). During the third week copepods declined,
but in the second week they increased in bionass.

Perhaps they were responding to increased prey densities.
Reductions in algal biomass were best associated with
changes in cladoceran bi omass. Copepod reductions and
increases were independent of changes in chlorophyll a .

WATER QUALI TY PARAMETERS

Secchi depth increased inside the enclosures when
sediment turbidity was not a factor (Figure 41). In
experiments 2 and 3, sedinent turbidity prevented a
increase in transparency. Nevertheless, the increased
turbidity fromsedinents did not prevent Daphnia spp.
fromreducing chlorophyll a inside the enclosures. In

experinents 4 through 6 when inorganic turbidity was
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| ower, transparency increased with the reduction in
chlorophyll a. Therefore, when sedinent turbidity of the
wat er was high, reduction in phytoplankton biomass did
not produce an increase in transparency.

Di ssol ved oxygen levels were |ower inside the
encl osures (Figure 39). These |ower values were
associated with a decrease in algal biomass and were
probably affected also by the reduction in w nd m xing
I nsi de the enclosures. During experiment 3, dissolved
oxygen dropped to very low levels. The very |ow val ues
may al so have been the result of an increase in
respiration by bacteria, whxch were presumably
deconposi ng zoopl ankton feces and killed cells. After
these comunities reached equilibrium dissolved oxygen
woul d be expected to return to levels near saturation due
to reduced respiration and increased w nd m xing.

|f reductions in algal biomass cause | ower
phot osynt hesi s rates, pH should decrease. In sone of the
experiments this took place while in others it did not
(Figure 40). Reduction in pH has been shown to reduce
the presence of bl ue-green al gae (Shapiro 1973).
However, as experiment 3 indicates (Figure 34), blue-
greens were nore likely reduced by grazing and not by the

smal | reduction in pH

Sol ubl e nutrients increased inside the enclosures in

all of the experiments (Figure 37 and 38). This increase
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was apparently the result of release from phytopl ankton
bi omass. W thout phytoplankton to use the available
nutrients, soluble |evels increased inside the

encl osures. Lehman (1980) observed an increase in

sol ubl e nutrients when chlorophyll a was reduced. He
noted that in the presence of cladocerans, algal cells
that were dividing rapidly were being cropped as fast or
faster than they were being produced. |In experinments |-
6, this would explain the inability of the phytopl ankton
to increase when soluble nutrients increased. As a
result, grazing, not nutrients was the limting factor

f or phytopl ankt on growt h.

Total nutrients were very simlar or only slightly
| ower inside the enclosures (Figures 35 and 36). The
nmost prom sing aspect of the enclosure results is that
reductions in algal biomass occurred under the sane
nutrient regine as that in the |ake. The enclosures
yi el ded a much | ower chlorophyll a per unit TP, and this

makes bi omani pul ati on a possi bl e managenent strategy for

Jordan Lake.

MANAGEMENT | MPLI CATI ONS

The data indicate the inportance of Daphnia spp. as

part of the zooplankton comunity. The critical

management question is the amount of Daphnia spp. biomass
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needed for the control of phytoplankton. An increase in
total zooplankton bionmass (Figure 53), copepod bionass
(Figure 54) and cl adoceran bi onass (Figure 55) did not
always result in a reduction in chlorophyll a. For

bi omass as high as 700 ug/L, chlorophyll a was not
reduced to levels less than 40 ug/L. However, at Daphnia
spp. biomass greater than 30 ug/L (Figure 56),

chl orophyl|l a was reduced to very low levels. At biomass
l ess than 20 ug/L, chlorophyll a responded to other
limting variables in the | ake.

Management of the zoopl ankton community to contro
phyt opl ankt on bi onass shoul d concentrate on two
variables. The first is to keep Daphnia spp. in the |ake
t hroughout the year. Wthout Daphnia spp., increases in
t he other zooplankton will not control phytoplankton
growth. The second is to sustain Daphnia spp. at a
bi omass of 30 ug/L or greater so that it may produce a
desirable effect.

Predation by gizzard shad seened to have the
greatest inpact on the zoopl ankton conmmunity in the |ake.
Reduction in the populations of this planktivore as well
as other predators on Daphnia spp. may be a val uable too

for the enhancenent of water quality.
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LI M TATI ONS OF THE STUDY

Due to technical problens and vandali sm during the
study, only one enclosure was in the water colum at a
tine. Therefore, it was not possible to determ ne the
variability due to chance within the experinents.
However, the encl osure experinents were conducted over
time which was very inmportant in deternining the role of
Daphni a spp.in the entire process of inproving water
quality. Simlar results were obtained at different
times the experinment was conducted so | ong as Daphni a
spp. was present. This study was perfornmed to provide a
initial framework for determ ning the rel ationships
bet ween the various trophic levels in the | ake and the
possi bl e mani pul ati on of the food web to i nprove water

quality.

CONCL USI ONS

1. Zoopl ankt on of Jordan Lake appear to be structured by
pl ankti vorous fish predation with gizzard shad

probably the nost inportant planktivore.

2. When pl anktivores were excluded from | ake systens
i sol ated by encl osures, the biomass of the

zoopl ankt on community increased and had the
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potential to control phytopl ankton bi omass dependi ng

on the zoopl ankton community structure.

3. Daphni a spp. at a bionass greater than 30 ug/L was
strongly associated with and probably responsi bl e

for reductions in chlorophyll a to very |low | evels

in Jordan Lake.
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APPENDI X 1 - Zoopl ankton data for Experinents 1-6
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Dat e: 8/ 15/ 86
Station: LAKE

Speci es

COPEPODS

Naupl i i
D. pallidus
C. vernalis

M edax

CLADCOCERANS

D aphanosoma sp.

M micrura

Daphni a sp.
ENCL OSURE
COPEPCODS
Naupl i

D. pallidus
C. vernalis

M edax

CL ADOCERANS

Di aphanosonma sp.
M mcrura

Daphni a sp.

TABLE | A - Zoopl ankton of Experiment 1

species / Liter Biomass (ug/L)

First Second Mean First Second
Haul Haul Haul Haul
127. 4 2 36.9 182. 1 5.2 9.8
49. 3 39. 1 44. 2 104. 2 82.7
16. 1 21. 2 18. 7 34. 6 45. 4
5.1 10. 2 7.7 9.0 18. 0
6.8 5.4 6.1 1.7 1.4
3.4 2.2 2.8 0.5 0.3
0.0 0.0 0.0 0.0 0.0
467- 1 1497. 0 982. 1 19. 2 61. 6
327.8 535. 5 431. 7 259. 2 42 3.4
180. O 320. 8 250. 4 189. 8 338. 2
54. 4 52. 6 53. 5 53.7 52.0
8.5 17.8 13. 2 2.1 4.4
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

Mean

93.
40.
13.

©

40.
341.
264.

52.

a o 0t u

o whH

eIl
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Dat e:
St ati on:

9/ 2/ 86
LAKE

Speci es

COPEPODS

Naupl ii
D. pallidus

C. vernalis
M edax

CL ADOCERANS

D aphanosoma sp.

M mcrura
Daphni a sp.
ENCL OSURE

COPEPODS

Naupl i
D. pallidus
C. vernalis

M edax

CL ADOCERANS

Di aphanosonma sp.

M mcrura

Daphni a sp.

TABLE 2A -

Speci es /

First
Haul

307.
101.
10.

32.
45.
17.

Q7.
128.
18.

40.
37.
18.

o NON

N 0o N

N

Zoopl ankt on of Experinent 2

Second
Haul

150.
30.
11.

11.
14.

196.
164.
22.
13.

90.
60.
29.

o0 0o W

o 0O 0N

\‘

Liter

Mean

Bi omass (ug/L)

228.
66.
11.

21.
30.

146.
146.
20.
10.

65.
48.
24.

Mo NO®

w ©

NN RO

First
Haul

12.
67.
12.

10.

112.
25.

10.
26.

©C aNO

©p ©O

o

Second
Haul

20.
14.

N
w

145.
31.
15.

11.
17.
42.

OO NN

© R WP

Mean

43.
13.

b
o

129.
28.
11.

14.
34.

oo N

© R P O

«0
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Dat e: 9/ 10/ 86
Stati on: LAKE

Speci es

COPEPODS

Naupl i i
D. pallidus
C. vernalis
M edax

CL ADOCERANS

D aphanosona sp.

M mcrura

Daphni a sp.

ENCL CSURE

COPEPODS

Naupl i i
D. pallidus

C. vernalis
M edax

CL ADOCERANS

D aphanosoma sp,
M m crura

Daphni a sp.

TABLE 3A - Zoopl ankton of Experinent 3

Speci es /

First
Haul

63.
18.

134.

253.
23.

78.
42.
78.

© 0NN

)

a0 kR R

Liter
Second Mean
Haul

88. 3 76.

59. 4 39.

9.3 5.

0. 8 0.

41. 0 24.

11. 7 8.

21. 2 14.

89. 1 111.

164. 6 208.

10. 2 17.

2.6 5.

81. 1 79.

43. 7 43.

31. 4 54.

© © 0o 0

o0 0o

=

First
Haul

N
w

163.
31.
12.

17.
11.
61.

NO OO

o

NN O g

Bi omass (ug/ L)

Second
Haul

66.
16.

24.

106.
13.

17.
12.
24.

o)

a o

© N O N

o

Mean

43.
10.

16.

134.
22.

17.
11.
43.

AN O p

AP

wwoao
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Date: 5/19/87
Stati on: LAKE
Speci es
COPEPODS
Naupl ii
D. pallidus
C. vernalis
M edax

T. prasinus

CL ADCCERANS

B. longirostris
Daphni a sp.
C. sphaeri cus

ENCL OSURE
COPEPODS
Naupl ii

D. pallidus

C. vernalis
T. prasinus

CL ADOCERANS

B. longirostris
Daphni a sp.

TABLE 4A - Zoopl ankton of Experiinent 4

Species / Liter

First Second
Haul Haul

24.7 32.

7.9 11.

1.8 1

0.0 0.

0.0 0.

2 4.

1.8 1

0.0 (0]

30. 1 71.

25. 4 50.

9.7 10.

2.4 3.

1.2 14.

12. 1 35.

aNOaON®

N g

o 0N W

Mean

28.

50.
38.
10.

23.

coro0

N Rp N O

NN

O wer N

0

Bi omass (ug/L)

First Second
Haul Haul

1.1 1.

15. 2 21

2.3 2

0.0 0.

0.0 0.

0.4 (o]

1.0 (o]

0.0 (o]

1.7 4.

49. 3 113.

17. 1 19.

2.8 4.

0.1 1

5.2 16.

aroPO

N OO 0O O

Mean

18.

©
NP NW®

81.
18.

10.

o~ OO
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Dat e: 5/ 26/ 87
Stati on: LAKE

Speci es

COPEPODS

Naupl i i
D. pallidus

C. vernalis
T. prasinus

CL ADOCERANS

Di aphanosoi na sp.

B. longirostris
Daphni a sp.

C. sphaericus
A. nobnacant ha

L. quadrangul ari s

ENCL OSURE
COPEPCODS
Naupl i i

D. pallidus

C. vernalis
T. prasinus

CLADOCERANS

Di aphanosoi na sp.
B. longirostris
Daphni a sp.

S. crystallina
C. sphaericus

TABLE 5A - Zoopl ankton O Experinment 4
Species / Liter Bionmass (ug/L)

Fi r st Second Mean First Second
Haul Haul Haul Haul
141. 9 64. 6 103. 3 6. 2 3.
33. 2 18. 1 25. 7 36. 2 36.
4. 8 7.2 6. 0 7.1 12.
0.0 3.0 1.5 0.0 2.
1.8 3.0 2.4 0.9 1.
17. 5 3.0 10. 3 1.5 0.
16. 3 4. 8 10. 6 6. 6 1.
0. 6 0.0 0.3 0.0 0.
0. 6 0. 6 0. 6 0.0 0.
0.0 O. 6 0. 3 0. 0O 0.
182. 4 108. 7 145. 6 8. 1 5.
27. 8 13. 6 20. 7 37.8 20.
12. 1 3. 6 7.9 17. 7 5.
0.0 0. 9 0.5 0.0 0.
2.4 1.5 2.0 0.5 0.3
3. 6 2.1 2.9 0.3 0.2
13. 3 4. 5 8. 9 9.7 2.7
1.2 0.9 1.1 17. 1 8.7
0.0 1.8 0.9 0.0 0.1

WkrOOPRW o s NO

N Rk oo

Mean

36.

P

29.
11.

o o
R ON®M

12.

coopor

w o oo

NpRpOWO®EFr

MM DO

to
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TABLE 6A -

Dat e: 5/26/87
St ati on: ENCLOSURE

Speci es
COPEPODS
Naupl i i
D. pallidus
C. vernalis
M edax
T. prasinus
CL ADOCERANS

A. nonacant ha

B. longirostris
Daphni a sp.

H. anmnazoni cum

Speci es

Fi r st
Haul

715.
260.
53.

77.
144.

N R OO

0 O Wwom

Zoopl ankt on of Experi nent

/ Liter

Second
Haul

560.
183.
67.

19.

19.
125.

Wwoooh

oo WwWo

Mean

637.
222.
60.

14.

48.
135.

ah NN

AW W N

5

Bi omass (ug/L)

First
Haul

30.
288.
72.

62.
87.

O 0o W~N

W bhw N

Second
Haul

25.
123.
105.

16.

83.

Oo o mO

o mwkF O

Mean

27.
206.
89.

12.

73.
43.

ONMNPF RO

N R NOA
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Date: 6/3/87

St at i on: ENCLOSURE

Speci es
COPEPODS
Naupl ii
D. pallidus

C. vernalis
T. prasinus
CL ADOCERANS

Di aphanosoma sp.

B. longirostris

Daphni a sp.

S. ki ngi

C. sphaeri cus

Station:] |AKE
Speci es

COPEPODS

Naupl i i

D. pallidus

C. vernalis

CL ADOCCERANS

D aphanosona sp.

B. longirostris
Daphni a sp.

M mcrura

H amazoni cum

First
Haul

163.
33.

First
Haul

152.
15.

14.

©coos

N

OPMNRO

N oo

oo o © 0

Second
Haul

125.
77.

Second
Haul

129.

12.

12.
16.

o 0

Oo0oNWO

W o wo-~N

Mean

144.
55.

Mean

141.
14.

13.
10.

©
NoOGo o

o W

WN O N

N N

First
Haul
693.
0.
1
0.
0.
0.
0.
0.
First
Haul
6.
23.
0.
3.
0.
(0]
0.
0.

N

oo g O

o

OkrRr P WO

TABLE 7A - Zoopl ankton of Experinment 5

Species / Liter Biomass (ug/L)

Second
Haul

Second
Haul

21,

©cooprN
NP WP

W N

O O

Oo0oo dMO

Mean

Mean

390.

©

22.

con®o

cooon

o o L o

O WRrRNEPR

W

W NP 0o
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TABLE 8A - Zoopl ankton of Experinent 5
Bi omass (ug/L)

Date: 6/9/87 Speci
Stati on: LAKE
First

Speci es Haul
COPEPODS
Nauplii 59.
D. pallidas 8.
C. vernalis 1.
CL ADOCERANS
Di aphanosonma sp. 9.
B. longirostris 4,
M mcrura O.
Station: eNCl OSURE
COPEPODS
Naupl i i 20.
D. pallidas 4
C. vernalis 0.
CL ADOCERANS
Di aphanosoma sp. 0.
B. longirostris 3.
H. amazoni cum 0.
A. nobnacant ha 0.
L. quadrangul ari s 0.

es /

o

O W w o w

Liter

Second

24.

©
W

©o0o0pO
0O0O0un W

[o¢]

)

48.

22.

©
N

©o0 0o RO

©

WNNNO®

First

14.

©
o

©or o0
wookro

N

=

Second

10.

w

coo0o0®
O o0ooNDO

=

N O

N

Mean

12.

a
o

©
N

©0000
N O N O

N

N
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Dat e: 6/ 16/ 87
St ati on: LAKE

Speci es

COPEPODS

Naupl i
D. pallidus

C. vernalis

CL ADCCERANS

Di aphanosonma sp.

B. longirostris
M m crura

Daphni a sp.
St at i on: ENCLOSURE
COPEPODS

Naupl i
D. pallidus
C. vernalis

CL ADOCERANS

Di aphanosona sp.

B. longirostris
M mcrura

TABLE 9A -

Speci

First

Haul

35.
10.

12.

P

147.
101.
16.

74.

es /
Second
Haul
(o] 38. 6
9 15. 7
2 1.2
1 13. 3
4 0, 6
8 2.4
8 0.0
3 130. 5
5 67.7
9 0.0
9 29. 0
a4 0.0
7 4.8

Zoopl ankt on of Experinent 6
Liter

Bi omrass (ug/ L)

Mean

36.
13.

12.

N
or 0N

138.
84.

52.

First

14.

184.
21.

a4.

°©0o0w

N

o o0 wo

(%]

Second
Haul

26.

99.

cCooh
owr o

o

N o

o

Mean

20.

142.
10.

32.

ook

A

W o NN

(@]

(=
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APPENDI X 2 - Top 5% of the Phytopl ankton Species in

Experiments 1 and 3
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Table 1 QA Top 5% of Phyt opl ankt on

Experi ment 1

Speci es (top 5%

Gscillatoria geni nata

Dact yl ococcopsi s irreg.

Chlorella sp

Cycl otell a pseudostell.

St ephanodi scus m nut us
Melosira italica

Eugl ena acus

Crypt onbnas erosa
Lepoci nclis salina

Experi nent 3

Species (top 5%

GCscillatoria geni nata
Dact yl ococcopsi s irreg.
Chl orell a sp.

Cyclotell a pseudostell,
St ephanodi scus ni nut us
Melosira italica

Eugl ena acus

Crypt onbnas er osa
Lepoci nclis salina

8/ 6/ 86

out

cells/n

115000
21800
14800

(0]
12600
5180
(0]

(0]

(0]

9/ 2/ 86

out

cells/m

15400
7580
5550

21900

(0]
740
185

1295
19

Speci es

8/ 15/ 86

out

ce||ls/m

118000
31100
17000

(0]
18800
8140
(0]

(0]

(0}

9/ 10/ 86

out

cell s/ n

11500
10500
7220
4630
o

925

o

925

(0}

8/ 15/ 86

L gn gn |

cell s/ m

133000
32900
17400

0
10678
1850
(0]

]

(]

9/ 10/ 86

in

cells/n

315
185
370
241
(0]
167
o
19
(0]

to
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