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ABSTRACT 

The e f f e c t  of the  Asian grass carp (~tenopharyngodon idella V a l .  ) - 
and aquatic vegetation upon t he  zooplankton in four  adjacent 

experimental ponds (0.139 ha each) was studied f o r  one year. 

Zooplankton were collected with a newly designed shallow-water sampler. 

Pond i contained no qt~attic vegetation. Ponds 2, 3, and 4 contained 

nine species o f  rooted aquatic plants.  Gmss carp were stocked into 

Pond 2 (65 par ha) and Pond 3 (611 per ha) . Ptqysicochemical parameters 

were similar among the mb. 

Eighty-eight a ooplaakton species were enumemted . The abundance 

of zooplankton groups (~otifata, Cladoceza, and ~opepods) was not 

significantly d i f fe ren t  among the pan& conteinhig grass carp. No 

s igni f icant  differences existed between Pad 3 (high gmss carp 

stocking r a t e )  and Pond 4 (no carp) for species diversity (a) and 
species dominance. The number of species and species diversity (i) was 

found t o  be s igni f icant ly  d i f f e ren t  Fn Pond 2 ( low grass carp stocking 

rate) when congared t o  Ponds 3 and 4; those differences probably were 

not due to the  grass carp. Grass carp did not appear to affect the 

water qual i ty  of the  ponds. In general ,  it was concluded that grass 

carp had l i t t l e ,  if ariy , W e c t  or  indirect affect upon the 

zoopla&ton. 
2 

Species cornoxmeas was among ponds containing vegetation. 

Rotifars  w e r e  the doerinant zooplankton group in those ponds. 



Zooplankton ware moat abundant in the pond without vegetation and were 

dominated by copepods (notably Tropocyclops p s i n u s )  . That pond 
contained the lowest number of  species and had the larest species 

diversity (a) of the ponds. The annual mean for the Simpson Index 

(species dominance) was highest in Pond 1. The lack of vegetation m y  

hsve influenced the abwdsnce and diversity of the zooplankton in 

Pond 1 compared to the other ponds. Those differences also may have 
<,..? -4 '<.*'<'I,+&:Li. 
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been due to selective predation by mosquitofish (Gambusia aff in is)  ; 

that fish was signllicantly less abundant in Pond 1. 
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INTRODUCTION 

The influence of environmental factors upon organisms is often 

d i f f icu l t  t o  assess in f i e l d  studies because of variation i n  the 

environment (~orec~ry ,  1956) and differences in sampling methods 

(~ennak,  1957) . Using uniform experimental ponds is one approach t o  

examine relationships between variables in aquatic ecosysttems, because 

the ponds can be controlled (Hall et al., 1970). The use of 

experimental ponds t o  study zooplankton ecoloey is common (see Hasler 

and Jones, 1*9; Armitage and Smith, 1968 ; H a l l  e t  a1 . , 1970 ; Amoros , 

1973 ; 0 ' Brim and deHayelles, 1974) . In t h i s  study, four experimental 

ponds i n  central Florida were used t o  determine the abundance and 

diversity of eoopLankton as affected Qy veggtstian and the Asian m s s  

carp (white amur), Ctenopbsgm~odm ide l la  ( ~ a l e n c i e ~ e s ) .  The 

shallowness of the ponds necessitated the design of a shallow-water 

sooplankton sampler. % 

The di f f icu l t i es  of sampling From shallow waters k v e  limited the 

number of l i t t o r a l  zooplankton studies. Conventional plankton nets are  

ineffective in aquatic vegetation since they collect debris, nraking 

zooplankton enuaemtion d i f f i cu l t  (penrusk, 1962, 1966; Quade, 1969; 

Daggett and IBvis, 1974) . Zooplankton samplers for  l i t toza l  regions 

have been developed by Pennak (1 962) , Andersson e t  a1 . (1975) , Ackef ors 

(1 971) , van Heusden (1 972) , Icanbefiy and Richardson (1 973) , and 

Daggett and DBvis (1974) . Penaak (1966) determined with the use of a 



saapliDg tube that zooplankton were l e s s  abundant in the l i t t o r a l  

region of eleven smaU Colorado Lakes than in the limnetic region. 

The grass carp is a biological control agent fo r  the submersed 

plant, Hydrilla ver t ic i l l a ta  Rayle ( ~ i l g e n  and Smitheman, 1971; Beach 

e t  a1 . , 1976 ; Terre11, 1975, 1976 ; Cross, 1969) . While p s s  carp fry 

(less than 30 mm length) subsist  on a d i e t  of zooplankton ( ~ i c k l i n g  , 

1966; Kilgen and Smith-, 1971 ; b p u r ,  1967; Opuszynski, 1968 ; 

Singh e t  a1 .., 1969; Stevenson, 1965), the effect of larger grass carp 

on zooplankton has not been established. It has been suggested that 

the fecal merterial of the grass carp m y  increase the nutrient content 

of mter (~plaqywki ,  1972; Stroganov, 1963; stanley , 1974) . The 

increase i n  nutrients may promote the growth of phytoplankton, which 

may indirectly regulate aooplankton abundance and diversity (0'Brien 

and dMoyelles, 1974; Pstalas, 1972; Andezzcm and Green, 1975; . 

Spodniewska , 193; Schindler and No-, Iwi; Hutchinson, 1967) . 



MAmw AND IvsErHODs 

Description - of Ekperimental - Pands 

Four adjacent ponds (0 .I39 hectare each) were constructed during 

June, 1975, cm the 3 l o r i d a  Technological. University c a m p u s  for  the 

purpose of this sfucSy. Bathymetric measurements for the ponds axe 

given in a b l e  1. The ponds were constructed with a constant four to  

one slope, with a depth w e  &om 0.0 to 1.5 m. The ponds were filled 

between June 12-20, 1975. Water level rras maintained in each pond 

thraughout the sCu4y by wekly filling with 227,124 liters of water (a 

filling rate of 236.6 liters/min per pond for 16 hours) from a 122 m 

well. This was equivalent t o  a weekly r e p l a c ~ t  of appr01xUmkely 

1% of the original pand volue .  N i n e  spwies of rooted aquatic p-ts 

w e r e  p m t e d  in pure e.terads in Pmd,a 2, 3, end 4 prim t o  filling. The 

plants included four maant mies (=ha latif ol ia  L . , Pontasderia 

lanceolata Nutt . , Colomsia. esculentum (L. ) Schott , and Panicum repens 

La) , three floating-leaved species (Hydrocotyle umbellafa L. , Nymphaea 

odarerta Aiton, and NuplPLT luteum L .) , and two subnersed species 

( ~ a l l i s n e r i a  americana Michx and Reria - densa -chon) . The emexgent 

and floating-leaved plants (seven species) occupied approximately 25$, 

eel glass (~allisneria amexicana) 25$, and BraeFlian elodea (EkaCLa 

densa) of the surface area of each of those ponds (FQ. 1). New - 
vegetation was p d t t e d  to invade Po* 2, 3, and 4. Plants w e r e  not 



Table I. Batwmetric measurements for each of the four FTU 

experimental ponds. 

Pammet er Units 

Maximum depth 

Mean depth 

Surface area 

1.82 m (6 ft) 

0.92m ( 3 f t )  

1,393.55 m2 (15,000 ft2; 0.3411. acre; 0.139 ha) 

Shoreline development 2.856 

Volume development 

Shoreline length 

Volume 

188.98 rn (620 f t )  



Fig. 1 . V aqetatioaal. mnp @honing the placewat crfi 

Ponds 2, 3 ,  and 4. 



VEOETATION 'TAP - FTU 

EXPERIMENTAL PONDS 

I-Typho sp. 

2-Pontederia lanceolato 

6- Nymphaea odorata 

8- Val lisneria americana 

9- Eqeria densa 



In Narembex, 1975, 9 grass carp (65 per ha) were stocked in Pond 

2, and 85 grass cazp (611 per ha) were stocked in Pond 3. Weight and 

length were taken pr io r  t o  stocking. In December, 1976, the ponds 

were drained and the weights, lengths, and conditions (K% and KSL) of 

the  gmss carp w e r e  determined  able 2) . 
In Augurat, 1975, 85 femle mosquitofish, G a m b u s i a  affinis (Baird 

and ~ i ra rd ) ,  were stocked i n  each of the ponds after t h i s  species was 

discovered in Pond 2. Upon draining the  ponds in December, 1976, 

125 laxgemouth bass fingerlings ( ~ i c r o p t e r u s  salmoides (Iacepede)) were 

found in Pond I .  Their mode of introduction and period of existence i n  

the  pond is uncertain. 

A summary of t he  fish stocking rates f o r  the ponds is shown i n  

Table 3 .  

Description - aad Operrrtion -- of the Sampler - for - .  SbUarr -. - Water 

A 15 liter zoopLankton ssmpler was constmcted From 0.14 cm cleaz 

plexlglass. It was tapered t o  farm a 7.6 cm opening with a hinged 

door (FQ. 2). A t  each s t a t ion ,  the sampler was lowered i n t o  the  

water column (at a r a t e  judged slow enough t o  prevent backwash) u n t i l  

the entire sampler was completely submersed. In very shallow water 

( i  , l e s s  than 30 cm), a horizontal water sample was collected by 

moving the sampler i n  an arc within the s a m p l i n g  s ta t ion .  Deeper 

smples  ( i . e . ,  30 c m  t o  1.5 m) were collected by lowering the sampler 

i n t o  the w a t e r  a t  an angle su f f i c i en t  t o  sample the  en t i r e  w a t e r  

column. Care was taken during all sample collections t o  lower the 

opening a@ close t o  the bottom as possible without collecting dewis 

&om the bottom. Samples containing debris were retaken. 
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lgble 2. Comparison of grass carp growth statistics between initial 

stocking and renovation in  Pond 2 and Pond 3. 

November 13, 1975 ( ~ t i a l  stocking) : 

Number 

Weight (mean) 

TOM ~ m g t h  (mean) 

* (m-1 

December 10-15, 1976  enov ovation) : 

Numbex 

Weight (mean) 

standard Length (mean) 

Total Length (m-) 

Pond 2 

Pond 2 

Pond 3 

85 

- 40s 

Pond 2 

29 

266.5 g 

* 
= (weight (g)/(length (cm13)) X 100, based on total length 

JCSC 

KsL 
= (weight (g)/(length (~m)~)) x 100, baseti on stan- length 
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Table 3. Sum~lasy of treatments imposed on four FIV experimental ponds. 

Pond 

Number 

Aquatic 

Vegetation 

No. Grass 
Small Fishes Bass 

carp 

Absent 

Present 

Present 

Present 

* 
Present Present 

Present 

Present 

Present 

Absent 

Absent 

Absent 

* 
Largemouth bass (~icropterue salmoides) fingerlings ( 2  total length = 

11.4 cm) ware present in  December, 1976, four months after  the 

termination of the study. The fish accidentally w e r e  stocked in  the 

pond, wobbly  during May, 1976. 







Zooplanktan Collections 

Zooplankton w e r e  collected monthly f'rom three randomly selected 

stations in each pond between September, 1975, and August, 1976. These 

statiw vsried bet- sampling dates but were the  s a m e  among ponds on 

any sampling day. Samples were not collected from -Pond 4 in February 

or  from any pond in Hamh. Three samples per s ta t ion  were strained 

through a no. 20 (75 p mesh size) nylon bolting cloth zooplankton net ,  

composited, and preserved in 3$ formalin. To determine the  sampling 

efficiency of the shallow-water sampler, the sampler was compared t o  

a no. 20 zooplankton net a t  eleven deep-water s tat ions.  

Zooplanktan En-tion 

Samples were concentrated t o  100 m l  and the  numbez par lit- f o r  

each species was detarmined fkom three, 1 m l  subaamples in a Sedgwick- 

Rafter counting chambar. A Hensen-Stempel automatic pipet te  was used 

t o  obtain the subamples. Strip c a n t i n g  of the entire chamber was 

made a t  a magnification of 100 X ,  althaugh some ident if icat ions 

required a mgnif ication of 200 X . A 0. C&$ Rose Bengal solution was 

added t o  samples p r io r  t o  counting. Zooplankton were ident if ied using 

the w o r k s  of Brooks (1957, 195.9), EEbo-on (1959), Wilson (1959)~ 

~ e a t n m  (1959). Wilson and Yeatmn (1959) , Penaak (1953) , Vo&t (19561, 

~arriag end Wers (1922, 1924, 1926, 1928) , and Ahlstrom (19%) . 
Contracted r o t i f a r s  w e r e  dissolved in 10$ Uorox i n  a depression s l ide  

t o  attract the  trophi for ident if icat ion.  Zooplankton were enumemted 

t o  species and group ( ~ o t i f - ,  CLadocera, Copepoda (Calanoida, 

Cyclopoicla, and ~arpactacoida) ,  inmature copepods ( ~ u p l i i  and 

copepodids) , and t o t a l )  . Bdelloid ro t i f e r s  w e r e  ident if ied t o  order 
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(~de l lo ids )  due to the  d i f f icul ty  in t he i r  species i d e n t i f i m t i  on 

( ~ o n d s o n ,  1959; Pennak, 1953; Ahlstrom, 19%). 

Species Diversity 

Species diversity indices were calculated us- count data for 

species and numbers of individuals per species. The indices were : 

(wilhm and Dorris, 1968) , (I)  

where: ni = the number of  individuals of the i t h  species 

N = the t o t a l  number of individuals of  a l l  species; 

- 
Redundancy (R) = (allax - d)/(a- - a*) 

- 
where: dmax = lgaxinwn a value f o r  a given number of 

species (s) 

;* = the minimum a value for a given N and s; 

Simpson adex (SI) = z (n%(ni - I))/(N(N - I)) 

where : ni = as given for ?i 

N = as given fo r  a 

Jaccaxd Index (species commonness) = a/(a + b + c) 

(~accard, 1908) 

where: a = species cooccurring between c o ~ i t i e s  

b = species present i n  only community 1 

c = species present in only community 2 

:bsical Measurements 

Water fenpasture, Secchi disc transparency, and underwater l i g h t  

reedings were taken monthly a t  one fixed deep-water s ta t ion  per pond. 
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Water tenrpenrture mars measured a t  0.5 m depth intervals in the  water 

column with a Yellow Springs Instrument Co. (YSI) teletharmometer . 
Secchi disc Wnsprency was measured with a black and white 20 cm 

disc. Relative underwater l i g h t  readiags w e r e  taken with a submarine 

photometer ( ~ h l  Ins%rumnL, Model 268W~310) t o  determine the mean 

vertical l i g h t  extinction coefficient (k) f o r  the  water column 

(~utchinson,  1957) . Color and k e b i d i t y  were taken monthly a t  two 

fixed s ta t ions  par pond and determined spectrophotometrically using 

the methods &om the E~~ i ronmen ta l  Pratection Agency (1974) and the 

American Public Health Association ( 1971) , respectively. 

Chemical Measuremmts 

Water samples far a l l  chemical analysis, except dissolved oxygen, 

w e r e  collected monthly f'rom two fixed stations per pond with a 1.2 

liter Kemmerer water sampIer. Specific canductance (mierumhos/cm a t  

25'~) was -8ured with a YSI Specific Comhctivify meter. Alkalinity 

( t o t a l ,  carbonate, and bicarbonate) and pH w e r e  determined with a 

Sargsnt-Welch pH meter  using SteLnckd Methods (~merican Public Health 

Association, 1971) . Orthophosphate, n i t r i t e  nitrogen, and n i t r s t e  

nitrogen concentrstions w e r e  determined *om f i l t e r e d  water samples 

using spectraphotometric techniques (Environmental Protection Agency, 

1W4; American Public kealth Association, 1971) . Dissolved oxygen 

concentrations were measured monthly hom the surfsce and bottom a t  one 

fixed deep-water s ta t ion  per pond with a YSI BOD probe and meter; the 

mpter was calibrated with the  modified Winklez Method (~merican Public 

Health Asrjociiltion, 1971) . 



Biological Measurements 

Measurements f o r  phytoplankton w a r e  determined monthly from one 

fixed s ta t ion  per pond. Phytoplankton were collected with a 1.2 liter 

Kemrm~er water sampler. Phytoplankton w e r e  enumerated t o  group 

(filamantous algae, colonial algae, and single-cell  algae) with the 

procedure of Lind (1 974) . The a m  sfand% mop was estmted 

monthly with the  chlaroghyll determination procedure of Richards with 

Thompson (1 9%) . Paripbytic algae production ( chloropwll a 

product io~m2 * day) was estimated monthly using two prewashed 1 m 

(0.6 cm diam) nylon ropes suspended a t  one fixed s ta t ion  per pond from 

a floating wooden Frape. The ropes were replaced monthly t o  monitor 

the chlorophyll production with the  method of Richards with Thornpaon 

(19%) 

The mosquitofish relative a-08. f@&a de%-d in each pond 

from September, 1975, to A*, 1976. w e r e  obtained with 

modified mianow traps (0.635 crm ' mesh, covered with nylon window 

screening affixed t o  the  traps w i t h  nylon fish- line and si l icone 

glue). The trrtps were baited with ca t  food (95g). The t raps were 

submersed below the  water surface a t  four fixed l i t t o r a l  s ta t ions  f o r  

1 hum (+ I 5 min) ; the  trapped f i s h  were counted and returned. The 

sampling method 'was not intended t o  obtain actual  population estimates. 

Statistical AMlysis 

Sta t i s t i c a l  analyses were performed using an IBM 360-370 d ig i t a l  

computer w i t h  SPSS, SAS, and FTU (~sborne ,  parsom1 c o ~ i c a t i o n )  

pxcigzaam. The percent error of the sample mean (2) t o  e s t m t e  the 

true mean of the population (p) was calculated using the Stein two- 



atage q l e  (steel and Tarrie, 1960) . An unpaired t-test was used to 

deterzoine mean population differences. Regression of the zooplankton 

to phyeical, chemical, and biological parameters was performed using 

simple linear regression. The significance level for all statistical 

tests, unless otherwise indicated, was P < 0.05. 



RESULTS AND DISCUSSION 

a u n a l  Characteristics --- of the  Ponds 

Eighty-five zooplankton species (65 ro t i f e r s ,  12 cladocerans, and 

8 copepods) were collected *om the  four ponds  able 4) . Thirteen of 

these species have not been reported in Florida (Ahlstrom, 199; Reid 

and Blake, 1969: Reid and Squibb, 1971 ; Cowell et al., 1975; Richard, 

1973; Nordlie, 1976; Fox e t  al., 1977) . The lowest number of r o t i f e r  

and copegod species (30 and 5, respectively) was found in Pond 1. 

Rotifer species w e d  between 40 and in the  p a d s  containing 

vegetation. Copepod species mnged between six and eight in those 

ponds. Cbdocerans w e r e  represented by seven speciw 18 P a d s  i and 3, 

and nine species in Ponds 2 and 4. ma@-eight  percent of the 

zoopla.nkton species w e n 3  cornon t o  all ponds. The Jaccard Index f o r  

species como~~ness  rars highest among ponds containing vegetat im 

(ponds 2, 3, and 4; Fig. 3) . S i m i k c  zooplankton species and habitats  

may have been introduced ly the vegetation which was planted i n  those 

penas @ e m ,  1957) 

Zooplankton were most abundant in Pond 1, with an annual mean of 

212 individuals per l i t e r  (Table 5). Their annual means ranged between 

107 and 139 individuals per liter in ponds containiDg vegetation. 

Rotifers w a r e  most abundant snd were doninant in the  ponds containing 

vegetation; they comprtsed between 42 .% and 79.096 of the  soophnktun. 

bunat- c~pep0llEL were dominant in Pond 1, comprising 9.8 of the  



Table 4. Annual mean abundance of zooplankton species found in  four 

FN experimental ponds, September, 1975-August, 1976. A "TW denotes 

an annual m e a n  abundance of less than 0 . I  individuals per liter. 

Individuals per liter 

Species Pond 1 Pond 2 Pond 3 pond 

Rotif era 

Asplanchna sp. 
Beaucmie l la  eudactylota 

Rede+- 
Brachionws anguLarSs Gosse T 
Brachionus ce~lvc5k9o;nus Pallas 0.1 -- - -  -. .- 

Bzachionus c&u&tus %mots and 

~rachioius havaaaensis Rousselet 19.8 
'Brachion& ~licatilis MuUer .-- 

..) 

c0boneca sp. 
Colurella n. adriatica Ekenberg 
Colurella n. . m ~ o s s e )  
ColureUa spa 
Conochilus sp. 
EuchLsnis sp. 

-. 

FUin ia  - - longiseta (menberg) 

Lecosa ef9sms. Flaming and MyersH - 
Leasne leont* (Tuner) - 
L4?sx€ne - - - - .  . 

h=L; lsana (~uzzayj 
m ~ y ~ e n b e r g i i  (party) 
L e p m  sp. 



Table 4, continued. AMual mean abundance of sooplankton species. 

L U  sp. 
Efacrochaetuer subquadratus Perty 
M Q ~ O B I I I B ~ ~  SP. 
Monostyla bulb Gaese - 
Mmostyla closterocerca Schnarda 
Monostyla c m u t a  ( ~ u l l e r )  
Manostyla qukdridenta;ta menberg 
Mmostyla %this Harring and 

RY-= 
Monostylo sp. 
N0t0mslah  $D* 

ptygU?s sp. 

1- 

S;nchaa% n. oblanga menberg --- 
Synchaeta n . stylata Wieme jski -- 
Synchae? sp. 0.5 
Trichoceroa C Y ~ ~ Y I ~ Z Z ! . ~ ~  ( Irnhof I++ --- 



%ble 4, continued. AMual meas abundance of zooplankton species. 

P o n d i  Pond2 Pond3 Pond4 

Cyclops vasicsns rum- 
L i l l  jebq$ 

Maptomus floridanus Marsh 
Eucyclops ' m o o h )  
EUCVC~ORB ma- (&rs)*y 

-Species not pmviouely reported fron Flaa (am teat) 
I 
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TBhle 5 .  Amua3 msana of eooplan3rton @;roups in four FPU experimental 

Indfviduals per l i t e r  

Zooplankton Group Pond 1 Pond 2 Pond 3 Pond 4 

0' 

Total Zooplankton 

Cladocera 

Adult Copepoda 

* h u a 3  mesn abundance of lsss than 0.1 individuals per liter 
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~oophnkton  ( ~ g .  4). A d u l t  and inmature copepods weze three times 

mane ahm&nt in Pond 1 as c o q r e d  t o  Ponds 2, 3, and 4. Cyclopoids 

w e r e  the  predominant copepod in  a l l  ponds. Cladocerans w e r e  most 

abundant (13 individucrls per l i t e r )  i n  Pond 2. 

The monthly abundsnces of zooplankton in the ponds are presented 

in Fig. 5. The abtandances of ro t i f e r s ,  cladocarans, adult copepods, 

and immature copepods per month are presented in AppendLx I .  The 

abundance of eooplankton was asynchronous among the  ponds. 

Asynchronous population cycles in adjacent experimental ponds are 

common due t o  the tempaeal instabi l i ty  of the  physical, chemical, and 

biological  pm~iwtars affecting the zooplankton (Ha11 e t  a1 . , 1970) . 
Zooplankton in Pond 1 were least abundant during fall, 1975, and 

most abundant during spring and summer, 1976. The* highest abundance 

occurred in A u g u s t  (463 .individuals per lit=). Adult k8d tvtrs 

(including 98 .% in July sad 98.1% in August; Fig. 6) . Rotifers 

comprised 53.6% of the  zoopmton  in winter and early spring. 

Clado~era were represented by less than 10 individuals per l i t e r  

throughout the study. 

Zooplankton were least abundant during the  fall i n  Ponds 2, 3, and 

They were most abtxnd&nt during w i n t e r  and early sgzing i n  Ponds 2 

and 4 ( ~ x i w u a  abuadances of 316 and 279 individuals per l i t e r ,  

respectively) and during summer ia Pond 3 (maximum abmdances of 235 

individuals per liter in June and 259 individuals per l i t e r  in ~uly). 

Rotifer numbers paralleled thoee of all ~ooplankterrs thoughout mch 

of the study in polgds with vegetation. Rotifem composed more than 







F i g .  5. Hcmt2Ct.y meam eaophmkton and 9% coIlfideace iafamalo, ia 

four FTU experimental ponds, September, 1975=August, 1976. 
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POND 2 

POND 4 

MONTH 







415 of the ~oophrikton in Pond 2 pr ior  t o  April. Between May and 

August, however, r o t i f e r s  composed I?.% and copepobs (adults and 

immtures) composed 881 .95% of the  zooplankton i n  that pond (Fig. 7) . 
Rotifers typically made up more than SO$ of the zooplankton in Pond 3 

( ~ i g  . 8) , and more than 60$ i n  Pond 4 (Fig . 9) . The abundance of 

copepods was low in Pond 3 pr ior  t o  May, but increased between June and 

August. Immature copepods had less than 25 individuals per l i t e r ,  and 

adul t  copepods less than 13 individuals per lit= throughout most of 

the study i n  Pond 4. Cladocarans were most abundant during fall and 

early winter in tha ponds with vegetation. 

Tropocyclops  sinus and Mesocyclops edax were the dominant - 
species in Pond 1, except during January, February, and April when 

Karstella cochlearis Brachionus hawnaensis were dominant. Prior 

t o  May, the  most abundant speeies in Pond 2 were Brachionus 

quadridentata, Bzachionuer kvaaaensis, bdelloid ro t i f e r s ,  and Chydorus 

sphaericus. Tropocycl.ops p a i n u s  was do-nt between May and August. 

The m o s t  abundant species in Pond 3 were Keratella cochlearis, 

Brachionus quadridentata, Brachionus calyciflorus,  and Brachionus 

kvanaensis. Tropocyclops psinus was the second most abunbnt  

species i n  Hay and July, and the  dominant species in August. Keratella 

rotifers, and Trichocerca similis were the most abundant species i n  

Pond 4. The most abundant r o t i f e r  and cladoceren species fluctuated 

monthly in a l l  ponds. In general, m s  prasinus was the 

dominant copepod species in all ponds throughout the  study. 















Species Mvarsity and Dominance 

The annual mean number of species ranged from 6 in Pond 1 t o  14 in 

Pond 4 (Table 6). The number of species was highest during w i n t e r  and 

early spring in Pond I ,  during fall i n  Pond 2, and dming summer in 

Ponds 3 and 4 (F& . 10) . Most of the species were r o t i f  ers  rather  

than microcnzstaceans; t he i r  numbers were nrrinly responsible f o r  the 

seasonal variations of species numbers (~ppendix 2) . 
The annual man species diversity (i) was 1 .% in Pond 1, 2.16 in 

Pond 2, and m a r e  than 2.5 in Ponds 3 and 4 (Table 6) . The values in 

Pond I ranged *om 0.77 t o  2.13. Species diversity in that pond 

appgaxed t o  be highest during mid-winter when r o t i f e r s  were most 

abundant, and 1 owest between A m  and August (ranging between 0 . 9  and 

1.9; Fig. 11). During the  latter period, T r o w c l o p s  -,inus and 

Mesocyclops - edax comprised b e t w e e n  84,s  and 96 .w of the limplankton. 

The lack of aquatic.vegetation ia Pond 1 plrrblJI reduced the number of 

habitats f o r  the  zooplartoa and may have caused species diversity t o  

be low. The species diversity values remained re la t ive ly  consistent 

throughout the study i n  ponds with vegetation. They were usually 

lowest in winter when species were low and a dominant r o t i f e r  comprised 

more than 36$ of the sooplankton. 

&rxzzd mean Simpeon Index values were highest (0.53) ia the  pond 

lacking vegetation and lowest i n  the ponds containing vegetation 

(wing between 0.24 in Pond 3 and 0.35 in Pond 2; Table 6).  The high 

value f o r  the Simpson Index in Pond 1 may have been due t o  the  

dominance of Tropocyclops p s i n u s  and Mesocyclops edax. Values f o r  - 
this  index were lowest (less than 0.5) in that pond during winter when 
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Table 6. Annual mean i;ooplankton species diversity values for fou r  

FN asperfmental ponds, September, 1975-August, 1976 . 
- - -- - - - - -- - - - - - - 

Bdex Pond 1 Pond2 Pond3 Pond4 

Number  of Species 

Shannon ~ndex (a) 
Simpson Index (SI) 

Redundancy (R) 



Fig. 10. Monthly mean number of zooplankton species and- 9s 
confidence intervals in four  FPU experimental ponds, S ~ P * ~ I ~ Z ? ,  

1975=August, 1976. 
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Fig, 11. Monthly m a a n s  and 9s confidence intervals of the 

Shannon Index (5) for the sooplankton in four FPU axper%men%a1 

ponds, September, 1975dugust, 1976 



POND I 
T 

POND 2 T 

MONTH 

5 - 
T 

POND 3 T 

--* 
0' 

2 - 

I - 

0 I I I i .  

5 - - - 
- POND 4 

4 

. 
I 

. 
1 

I - 

O w  ' I 1 1 

S O N O J F M A M J J A  

-r 

- 0 -  .- 
~ 

I I 

\ 
8 

8 

\ 

8 

\ 
L 0 

4. 7- 1 I 



were most and the  number species 

12). The Simpson Index values were l e s s  than 0.5 i n  Ponds 2,  3, and 

4, indicating a lack of species dominance. 

Pond 1 had the  highest annual mean value fo r  redundancy (0.42) 

and t he  lowest annual mean value f o r  equi tab i l i ty  (0.58) of the  ponds 

( m b l e  6) . Redundancy values w e r e  grea ter  than 0.5 throughout most of 

t he  year in tkt pond (F&. 13) . T'he anwi3l mean r e m b n c ~  values 

between 0.22 and 0.35 in the ponds containing vegetation, with 

monthly vctluaa ~ustm1ly less than 0.25. The annual mean equi tab i l i ty  

was more than 0.65 in those ponds. In general ,  the equi tab i l i ty  values 

were highest during fall, 1975, and lowest during early spring,  1976 

( ~ i g  . 14) . The rsnge of these indices indicates  a r a the r  uniform 

dis t r ibut ion  of individuals among t h e  species i n  all ponds. 

(high grass carp s t o d i n g  zab), and Pmd 4 (no grass carp) were 

similar during the eight rnm%hra sftar t he  grass carp were stocked. 

Rot i fers  were most abundant during t h a t  period, with means of more 

than 9 individuals per l i t e r   a able 7). Imanrture copepods were 

second in abundance i n  those ponds. The z;ooplankton groups ware not 

statistically d i f f e ren t  between Ponds 2 ,  3, and 4 a f t e r  the  f i s h  were 

stocked . 
Significant differences were found between ponds f o r  L e a n e  luna -9 

Monostyla - bulla, Lepdella ehrenbergii, Polyarthrs a r i s ,  and 

Synchaeta ratylata numbers. It is doubtful, however, that the 

differences were caused by the  r n S 8  arp. Grass cazl, long= than 



Fig. 12. Monthly m e a n s  and 95% confidence intervals of the Simpson 

Index for the zooplankton in f o u r  FTU experimental ponds, September, 

1 9 7 5 - A ~ s t  , 1976 . 
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Fig. 14. Monthly m e a n s  and 9% coonfdence intervals of t b  

EQuitability Index for the zooplankton in four FTU a q p ~  

ponds, September, i 975-August, 1976. 
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Table 7. ! P b  mema abundance of aooplarikton groups in three  FTU 

ponds containing aquatic vegetation during the eight 

months following the introduction of grass carp i n  Ponds 2 and 3, 

December, iW5-~ugust ,  1976. 

Individuals  per liter 

Zooplankton Group Pond 2a Pond 3b Pond 4' 

Total Zooplankton 

Rotif  era 

Adult Copepoda. 

Cy cl opoida 

' C a b o i d a  

a 
Contained 9 grass (65 p r  ha) 

b~onkined 85 grasa carp (611 per ha) 

'contain& no grass csrp 
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30 m are primrily herbivorous and usually consume negligable amounts 

of animal food ( ~ i c ~ i n g ,  1966) . ~rass carp f ingerl ings,  up t o  12 cm 

in length,  have been observed t o  feed heavily upon Bphnia and other 

zooplankters (stevenson, 1965) , as have 22.9 cm ( 9  inch) long grass  

carp (Cross, 1969) . In most pond s i tua t ions ,  however, adu l t  g l a s s  

carp probably feed exclusively upon vegetation (stevenson, 1965 ; 

Greenfield, 1973) . 
Species divarsify and species dominance indices were not 

s t a t i s t i c a l l y  different between the  pond with high grass carp numbers 

(Pond 3) and the  pond with no grass  carp (pond 4) . However, t he  number 

of species was found t o  be s-ificantly. different i n  Pond 2 (low grass 

carp stocking rate; 9 speaiss) w h e n  compared t o  Ponds 3 and 4 (12 and 

15 species, respectively : Table 8) . Species ~ U ~ e r s i t y  ( Z )  we~s 

significantly lower  in Poad 2 (2.M) khsn fn Pond 3 (2.62) but was not 

stat i s t i c a l l y  d i f f e ren t  &on Pond 4 (2.41) . The grass carp probably 

did not influence the  number of souplankton species o r  t h e i r  divers i ty  

in Pond 2 ; t he  specie8 dive&ity (z) between June and August, 1976, was 

similar t o  that p r i o r  t o  grass carp stocking (see Fig. 11). The number 

of species was r e l a t ive ly  low and constant throughout the  study in Pond 

2 (see Fig. 10).  Beach e t  a l .  (1976) did not observe any change i n  the  

species or  dominance d ivers i ty  of zooplankton during a three-year study 

following the introduction of grass  carp i n  four  Florida ponds (sumnee 

Pond, Madison Pond, Pasco Pond, and Braward pond). 

Zooplankton may be af fec ted  indirectly by adult grass casp. F e d  

mstar3al produced by the fish m y  a w e  an h c ~ e a s a  in the nutrient 

content of ua ter  (~puszynski ,  1972; Stroganov, 1963) . Stanley (1974) 



39 

Table 8. M e a n  values f o r  sooplankton species diversity indices i n  

three Fm experimental ponds containing aquatic vegetation during the 

eight months following the introduction of grass carp i n  Ponds 2 and 3, 

December, 1 975-August, 1976. 

Individuals per l i t e r  

----- 

Species Diversity Index Pond za Pond 3b Pond 4' 

Number of Species 9 12 15 , 

ShBMcm Tndex (s) 2.04 2.62 2.41 

Simpson kdex (SI) 0.38 

a~onta ined 9 grass ~ a r p  (65 pex ha) 

'contained 85. gram c a r p  (611 per ha) 

C 
Contained no grass carp 
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has shown tha t ,  when fed mature elodea (Fgeria densa) , grass carp - 
appeared t o  recycle nitrogen and phosphorus, thus making these 

nutr ients  available f o r  phytoplankton, macrophytes, and microorganisms 

( ~ u t t a n  and Blackburn, 1972 ; Stanley, 1974) . T a r r e 1 1  (1  975) and 

R o t t n  (1977) , however, suggest t h a t  these nutr ients  probably would 

not become amrilable t o  the phytoplankton. Terrel l  (1976) found t h a t  

the standing crop of goo- and phytoplankton in eight Georgia ponds was 

lower i n  ponds sf ocked with grass carp than in those without the f i sh .  

He believed that the removal of ~oacrophytes by the grass carp reduced 

the cycling of nutr ients  from the sediments t o  the plankton. 

Orthophosphate, n i t r i t e  nitrogen, and n i t r a t e  nitrogen 

concentxations did not cbange in the  ponds duriag t h i s  study. The 

nutr ient  content after grass carp w e r e  stocked was not statistically 

different  between ponds (Table 9). Also, pelagic chlorophyll 

concentrations, peripQrtic algae production, t-otal pWtoplarnIrton, 

filamentous phytoplankton, and single-cell phytoplankton counts were 

not found t o  be s t a t i s t i c a l l y  different between the ponds after grass 

carp were stocked. Colonial phytoplankton was s t a t i s t i c a l l y  more 

abundant in Pond 4 (911 individuals par ail) than in Pond 2 (304 

individudls per m l ) ,  but was not s ignif icant ly different  between Pond 

3 (high grass carp stocking ra te )  and Pond 4 (no grass carp) . 
A v a u l t  e t  al. (1968) found that a grass carp stocking rate of 

1,693 per hectare (23 t o  30 cm lengths) in plas t i c  pools and 495 fish 

par h e c b  (25 cm lengths) in concrete pools resul ted in the 

develop& of a dark organic stain i n  the  water. T h i s  did not occur 

i n  the  ponds containing grass carp during t h i s  study: no significant 



Table 9. Means of physicochemical and biological parameters in Ponds 

2, 3, snd 4 dm- the e u h t  months following the introduction of grass 

carp in Ponds 2 and 3, December, 1 975-August, 1976. 

Parameter Pond 2 Pond 3 Pond 4 

Tempemture Top Meter ( OC) 

Tempexatwe Bottom Meter (OC) - 

Light Extiacf im Coefficient (k) 

Secchi Visibility (a) 

Colar ( ~ t - c o  units) 

Turbidity (m) 

Dissolved Oxygen (gpm) 

Bicarbonate AIkalinLty (ppm C ~ C U ~ )  

T d l  Alkalinity ( p p  C ~ C O ~ )  

Specific Conductivity (micsonrhos/cm B 25'~) 

Orthophosphate (ppm) 

Nitrite Nitrcgm (ppm) 

N i t r a t e  Nitrogen (ppm) 

Pelagic  Algae Chlorophyll (ppb) 

Periphytic A-e ChJ.orophyll Production 

(mg/m2 + day) 

T O W  P&topLBnkton (no. per ml) 

Filawtous Phytoplank+aa (no. per ml) 
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Table 9, cant2nud. P w ~ i ~ ~ h 8 m i ~ 4 b l  and biolcgical m e a n s  during the 

eighf m a t h  after grass carp stocking. 

Colonial Pwtoplankton (no. per ni l)  

Single-cell Plqrtoplankton (no. per n i l )  
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ciifferences existed between Ponds 2, 3, and 4 f o r  color and turbidi ty .  

O f  t he  remaining physical, chemical, and biological  pzameters  which 

were measured, none was s igni f icant ly  d i f f e ren t  between Ponds 2, 3, 

and 4 a f t e r  grass carp were stocked. Sutton (1972) a l s o  found t h a t  

grass carp had l i t t l e  a f f e c t  upon the  water qual i ty  i n  ponds stocked 

with the  f i s h .  

Effect - of Aquatic Vegetation -- on the Zooplankton 

To determine t he  effect of aquat ic  vegetation, the zooplankton 

ware compared between Pond 1 rrnd Pond 4. Pond 1 was l imnetic in  

nature, contrihZrrg no subarezgent -or emergent vegetation and only 

s p r s a  growths of vegetation around the  shore. In contrast ,  Pond 4 

was primarily l i t t o r a l ,  containing vegetation throughout. 

Pond 1 cantabed a m e a n  of four rotif=, one ebdmem, md two 

of species of these taxa typicet,11~ found in the open water zone of 

lakes (~ennak, 1957) . Pond 4 containad a mean of 11 rotifex, 2 

cladoceran, and 1 copepod species. The number of cladoceran and 

copepod species in that pond is slightly less than is typically found 

i n  t he  weed zone of lakes  (~ennak,  1966 ; Straskraba, 1963, 196% , 

1965b, 1967; Smyly, 1952, 19%; Smirnov, 1963; Klimowicz, 1964). The 

mean number of r o t i f e r  species in Pond 4 is similar t o  tbat reported 

f o r  littoral environments by Pennak (1966) and compares favorably with 

data from Lake Thonotosassa, Florida (cowell e t  a1 . , 1975) . The t o t a l  

number of species and species diversity ( z )  was s igni f icant ly  higher in 

pond 4, while the Simpson Index was significantly higher in Pond 1 (see 

Table 6). These differences m y  have been due t o  the lack of aquatic 



vegetation in Pond 1. Zooplankton species may have been introduced 

i n t o  Pond 4 with the vegetation. Additionally, fewer habitats may 

have existed for the zooplankton in Pond 1, thus limiting shel ters  and 

food availabi l i ty fo r  a div6rse zooplankton assemblage (~ennak,  1957) . 
The abundance of ro t i fe rs ,  cladocerans, and copepods is g e n e r a m  

10 t o  50$ greater in open water than l i t t o r a l  regions ( ~ a m a k ,  1966) . 
The abundance of t~tal  zooplankton, cladocerans, calanoid copepods, 

and haxpactacoid copegods was not statistically different between 

Ponds I and 4 in t h i s  study. Total ro t i fe rs ,  Lemne - luna, Trichocerca 

sp  . , and Synchaeta, stylata were significantly more abundant in Pond 4, 

while immature copepotis, adult  copepods , and cyclopoids (including 

Mesocyclops ,- edax and Tropocy clops -sinus) were significantly nore 

abundant in Pond 1 (see Tables 4 and 5). Chdocerans and copepods 

tend t o  avoid t h e - l i t t o r a l  gone and exhibit a non-rmdcm horizanbl 

distribution in the pelagtc zone. Higher numbers of ro t i f e r s  are 

generally found i n  the littorsl region in  association with submersed 

macrophytes (~dmondson, 1946 ; Wetael , 1975) . Species of Trichocerca 

a re  typically found i n  l i t t o r a l  regions (~ennak, 1966 ; ~mirnov, 1963) . 
Straskraba. (1967) found Lecane - luna exis ts  prinrarily i n  the l i t t o r a l  

zone, although it a lso  m y  be found in open water (~ennak, 1966). 

Synchaeta and Tropocyclops prasinus appear t o  be common i n  both 

vegetation and open water (~ennak, 1966; SmFmov, 1963; Straskraba, 

1967 ; Armitage and Smith, 1968 ; Patalas , 1971, 1975) . 
Pwsicochemical prameters probably were not responsible fo r  the 

differcaaces in the zooplankton between Ponds 1 and 4. The annual means 

f u r  these gra,xaaeters are presented in Table 10. Color and turbidity 



Table 10. mua1 means of physicochemical and biological pm%maters 

in Pmtk 1 and 4, September, 19754ugust, 1976. 

P a r a m e t e r  Pond 1 Pond 4 

Temperature Top Meter ( OC) 

Temperature Bottom Meter (OC) 

Light  Ektfnctioa C~8flSiciant (k) 

Secchi Visibiliw (a) 

Color ( ~ t - ~ o  unite) 

TurbidiW (m) 

Dissolved Oqyean (gpap) 

Carbonate A l k a l b j L t J r  ( 

Bicarbonate A l k a l i r r i Q r  [ 

Total  Alkalinity (gpm CpCO ) 
3 

Ire&, i 143.1 

Specific Conductivity (micromhos/cm @ 25%) 270.2 271 .1 

Orthophosphate (ma) 

N i t r i t e  Nitrogen (ppm) 

Nitrate N i t r o g e n  (ppra) 

Pelagic A l g a e  Chlorophyll (ppb) 

Pex5pWtic Algae Chlorophyll Production 

(.g/m2 * *Y) 

Tot a l  P&y%~pLaakton (no. per m l )  

F U a m a t w  Phytoplankton (no. par nil) 
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Table 10, cantinutxi. Physicochemical and biological annual means in 

Ponds 1 and 4. 

Pond 1 Pond 4 

Colonial Phytoplankton (no. per ni l )  

Single-cell Plqytoplankton (no. par m l )  
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concentntimm w a r e  s&nifioantly higher i n  Pond I than in P a d  4. 

TurbrZU%y ty negatively cofielated (F-0.731 P ~0.05; n=10) t o  t o t a l  

Clsdocace in Pond 1, and positively c01"cdated (~0.83; P c O . O f i ;  n=9) 

t o  Synchaeta stylata in Pond 4. Color was negatively correlated 

(F-0 .78; P < 0.05; n=9) t o  Monostyla t e t h i s  in Pond 4. Color and 

turbidity w e r e  not significantly cone la ted  t o  the remaining species, 

l;ooplankton grmga, or species diversity indices in Ponds 1 and 4. The 

remainlsg phOlsicochdoal paralneters w e r e  not significantly different 

betwe- thaw Water chemisfry may be important in affecting 

tho eooplrrakton c i tg structure in some cases (~azelwood and 

Parker, 1961, 1963 ; Hutch~neon, 1967) , but usually has no affeot  on 

eoopIstnktan i n  m a t  Freskx~~%tez environments (~utchinson,  1957) 

Effect - of Mosquito$'&sh ti- _ ) - -  an the Zooplankton 

Mosquitof ish ( ~ b u s ~  &fb&~) w e r s  s&n~icanUy less abvndant 

in Pond 1 than ia the  0th- ponds (Tabla 11). Mosquitofish m y  have 

been responsible fo r  the difference in zoopLainkI;on b e t w e e n  Pond 1 and 

the other poads. S~lec t ive  predation bg the mosquitofish m y  have 

reduced the copepod popllaticws in Ponds 2 ,  3, and 4, resul t ing in the 

d-ce of rotifars. The high abundances of copepods (adults and 

iaurm~turss) during s-er, 1976, in P a d  1 aray have been due t o  the  

virtual absence of mosquitofish du1:bg t ha t  period. 

Fish are  porta ant in the regulation of the she and species 

composition of eooplsnkton comaunities (~zamer and W s o l f ,  1970; 

, 1961ct Rrbacrdr, 1962; &lac& st al., 1961 ; Hovotnar 

and Korinek , 1966 ; S t ~ a s k a b a ,  196%) . The selective r e m l  of 

eooglaakton by planktivoraus f i s h  favors the survival of species that 



Table 11. The number of Gambusia affinis per trap in f ou r  FN 

experimenhl ponds, September, 195-August, 1976, wesented as 

m o n t h l y  and annual means. 

Mean number of f i s h  per t r ap  

Month Pond 1 Pond 2 Pond 3 Pond 4 

, 

September, 1975 8 435 39 55 

October 253 146 90 

Novmber 262 144 119 

December 

January, 1976 

February 

June 

July 

A w t  



are of -11 size and contain minims1 amounts of vis ib le  pigmentation 

(Brooks, 1968 ; Brooks and Dodson, 1965 ; Raif and Tam, 1966 ; W e t ,  

1972a, i w b ,  1975; 2aze-b and Kerf oot , 1975) . Under 8 intense size- 

select ive predation, large eooplankters ( cladocerans and calanoid 

copepods) are eliminated and small zooplankters ( ro t i f e r s  and smll 

cladocer&ns) escape predation and become the dominants  rooks , 1968 ; 

Hall e t  al.,  1970). Cyclopoid copepods appear t o  be an intermediate 

food choice for most i;ooplanktivorous f i s h  (~rodrs , 196%) . Hall e t  a1 . 
(1970) found roti.fezxi t o  be three t o  six times more abundant in 

experimental ponds ccmtstining predacious f i s h  than i n  ponds without 

f i sh .  

The mosquitofish is kncrwn t o  prefer live food and is a t t m c t a d  t o  

the movement of large gregr more qudcWy than ~~ ( ~ i l a - d ,  

1921). Hurlbed a t  al. (1m) d g ~ m - t e d  tha t  Gambusb 

signif icant ly reduced the ahrmrlsnee of cLadocerans and copepod nsuplii 

i n  a r t i f i c i a l  pools; rotifex populations were reduced after the larger 

prey w a r e  nearly eliminated. In the absence of mosquitofish, r o t i f e r  

populations declined as cladoc-n populations increased. 

~3:' 'ampliq Efficiency -- of the Shallow-Water Z o o p u t o n  Sampler 
I -  

- 
- - -  - - .  I 

, - 1 -  . - - -  . .  I - ---. -b - , . .. -. - 
y; , , - ;, J.>P7-,(;,A - .d:.*+-, - 

- --+,' 

I . .  .% 

I . . - - - -, . ; -5;-;; ;:<-:;.+ ;&#-Q .< ,8 , . - \+ %;:B27---dr7k+,&, 2 <L-:(~. ;+$ !.;J k * ? i J  
collections were takenwith the shallow-k%er eoophnkton 

sampler and a no. 20 zooplankton net.  A t o t a l  of 42 species w e r e  

collected. Fifteen species were collected with the  shallow-water 

sampler but not with the  zooplankton net .  Two species were collected 

o m  w i t h  the  ~ o o p ~ a n ~ a n  net. '~rent~-f ive  speciee were common to both 

samplers, of which 19 were most abundant in the shal lar -mter  sampler 

and 6 w e r e  most abundant in the zooplankton net. No signif icant  



5 0 .  

differences exisfed between the samplers f o r  ~ooplankton groups or 

species. 



SUMMARY 

1. Zooplankton were sampled monthly between September, 1975, and 

August, 1976, in four shallow experimental ponds (0.139 ha each) in 

central  Florida. Samples were collected with a newly designed 

shallow-water eooplankton sampler. Pond I contained no aquatic 

vegetation. Ponda 2, 3, and 4 contained nine species of rooted aquatic 

lrracrophytes (four ewrgent , three floating-leaved, and two submergent 

species) . Grass carp were stocked in to  Pond 2 (9  fish, 65 per ha) and 

Pond 3 (85 f i sh ,  611 per ha) . Mosquitofi~h (Gambusia a f f i n i s )  were 

present i n  all ponds. Physicochem%aU and biological pasmeters were 

similar among the ponds. 

2 .  Eighty-five eooplankton species were en--tea from the 

ponds. The lowest number of zooplankton species was found in Pond 1 

(42) . Twenty-eight percent of the species were common t o  a l l  ponds. 

The Jaccard Index (species commonness between communities) was 

highest among ponds containing vegetation. 

3. Zooplankton were most abundant'in the pond lacking vegetation 

and were dominated by copepods (immatures and adults) . Rotifers were 

dominant in the  ponds with vegetation. Cyclopoids (gart icularly 

Tropocyclops -sinus) were the dominant copepods in a l l  ponds. 

Cladoceza were in low abundance. 

4. The zooplankton in the  ponds followed asynchronous population. 

cycles. Zooplankton were most abundant during summer, 1976, i n  Ponds 
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I and 3, and during w i n t e r  and early spring i n  Ponds 2 and 4. In 

general, adu l t  and immture copepod abundances p r a l e l e d  t o t a l  

zooplankton in the  pond lackin@; vegetation; r o t i f e r s  ~ l l e l e d  t o t a l  

zooplankton throughout the  study i n  the  ponds containing vegetation. 

5 . The annual mean species divers i ty  (z) was lowest ( I .34) and 

the  Simpson Index highest (0.53) i n  the  pond lacking vegetation 

(pond 1) . Species diversity ( z )  was highest (2.68) i n  t he  pond 

containing vegetation and a high grass carp stocking r a t e  (pond 3) . 
The annual mean Simpson Index values were l e s s  t k n  0.35 in the  ponds 

with vegetation, indicating a lack of species dominance. 

6 .  The abundance of aooplankton groups ( ~ o t i f e r a  , Cladocera, and 

Copepoda) was not significantly diff~~ent (P < 0.05) among t he  ponds 

containing vegetation m& s carp. No significant differences 

(P < 0.05) exis ted between P d  3 ( m k  st&* mte) and 

Pond 4 (no grass carp) for spwims divm~i ty  am3 epecies dominance. 

The number of species and species divsrsity (a) *was found t o  be 

s igni f icant ly  different (F< 0.05) in Pond 2 (low grass carp stocking 

ra t e )  when compared t o  Ponds 3 and 4; these differences were not 

believed t o  be due t o  the  grass carp. Grass carp did  not appear t o  

a f f e c t  the water qual i ty  of  the  ponds. In g e n d ,  it was concluded 

t h a t  grass carp had l i t t l e ,  if any, d i r e c t  o r  ind i rec t  a f f e c t  upon 

the eo-oplankton . 
7. The lower number of species i n  Pond I was believed t o  be due 

t o  the  lack of vegetation in that pond. The absence of vegetation at  

least w t l y  appeared t o  be responsible f o r  the  lower abwdalncea of 

r o t i f e r s  and the higher abundances of copepods in Pond 1 than in the  
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ponds containing vegetation. These differences may a l so  have been due 

t o  predation by the  mosquitofish (~ambusia a f f i n i s )  . This f i s h  was 

signFfioantly l e s s  abundant (P < 0.05) in Pond I than in the  other 

ponds. This difference m y  have permitted larger  eooplankters ( e  .g . , 
copepods) t o  become dominant in Pond 1. Selective predation by the 

mosquitofish m y  have reduced the copepod populations in  Ponds 2,  3, 

and 4 and resulted in the dominance of small eooplankters (e .g . , 
ro t i f e r s )  . 

8. A sampling efficiency determination of the shallow-water 

zooplankton sampler was made, compred t o  a no. 20 zooplankton net .  

NO significant differences (P < 0.05) esfed between the two samplers. 
0 



Appendix 1. The mmthly laesn a Bnd 9s conf5,dence intervals 

f o r  to ta l  r o t i f e r s ,  inmrrture c ,, adult cmg&, snd 



POND 2 

POND 4 

MONTH 



POND I I 

POND 2 

400 

300 

MONTH 

- 

- 

- - 

* - .. 
too- ; '. 

0: I I I I t I 



POND 3 

200 

ISO- 

too- 

5 0  

O*  

POND 4 

MONTH 

PONO I 

..+---[ 

1 

- t 

;: 
, 
; 

I' 

/ 
I 
I 

I I - t 
I I 

I t  
7 

t I 

- - I 
I 
I I 

I 

I 

I 

, ' 1 t 

' 
', 

'1, 

I, 

' 
I 

I 

I I 

.' 
%-' 

I 



POND I 

POND 4 

MONTH 



Appendix 2 .  M e a n  number of species of r o t i f e x s ,  cladoce-, and 

copepods present nonthly in fau. ZfTU axpwUehW p m ,  Septa-, 

1 w5-A~g~st ,  1976. 
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