
ABSTRACT

The Effect of the Exotic Cladoceran Daphnia lumholtzi on the Native Zooplankton of a
Central Texas Reservoir

Advisor: Owen T. Lind Ph.D.

Waco reservoir was sampled for one year at five sample sites and six months at two 

sample sites in an attempt to detect competition between D. lumholtzi and native 

zooplankton. No competition could be detected. Also monitored were egg bank densities 

of D. lumholtzi, temperature of water, air and sediment. The seasonality and horizontal 

distribution of D. lumholtzi was also monitored for Waco reservoir for one year and was 

monitored in Belton Reservoir for four months. Although no strong correlation existed 

between D. lumholtzi and water temperature or Secchi depth in Waco reservoir, D. 

lumholtzi densities in Belton reservoir increased along a up-river transect including 

increasing water temperature, and reduced Secchi depth.
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CHAPTER ONE

Introduction

Exotic species are prevalent in freshwater ecosystems. 

According to Mills, et al. (1993), "Introduced or exotic species can be 

defined as successfully reproducing organisms transported by 

humans into regions where they did not previously exist....". They go 

on to say, "...the success of introduced organisms depends on many 

factors, including their survivability in unfavorable conditions, 

adaptability to new environments, high reproductive capability, and 

ability to disperse rapidly...". Daphnia lumholtzi (Sar) has invaded 

ecosystems thousands of miles from its native range and has 

dispersed rapidly (Havel et al. 1995). The range expansion and 

establishment of aquatic exotics and the concomitant impact on 

ecosystems continues to be the focus of many studies. One hundred 

and thirty nine non-indigenous aquatic organisms have become 

established in the Great Lakes since the 1800’s (Mills et al. 1993). 

The alteration of community structure by many of these exotics 

predates modern investigations by decades or even centuries. Many
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exotics were undoubtedly introduced with the first ships that 

entered the Great Lakes from Europe. Fifty five percent of known 

exotics may have originated in Europe. The most studied exotics 

have been the sea lamprey, Petromyzon marinus, the zebra mussel, 

Dreissena polymorpha, the asiatic clam, Corbicula fluminea, the spiny 

water flea, Bythotrephes cederstroemii, and the opossum shrimp,

My sis relicta.

Examples of impacts on ecosystems by exotic species are 

abundant. The sea lamprey, Petromyzon marinus, is probably native 

to the Hudson River drainage. The opening of the Erie may have 

given the lamprey entry into the Great Lakes. It was first detected 

in Lake Ontario in the 1830's and by 1921 had reached Lake Erie. 

Parasitic adults of Petromyzon eventually decimated both the 

commercial and sport fishing industries (Mills et al. 1993). Only 

after a vigorous treatment program that continues today, did 

recovery of fish populations begin (Audesirk and Audesirk 1993).

The much studied zebra mussel, Dreissena polymorpha has 

great affinity for attachment to solid surfaces (Cotner et al. 1995). 

This European native was introduced into the Great Lake area in 

1985 (Mackie 1991). Its introduction has caused mechanical 

problems for both humans and native mussels. D. polymorpha has



sunk buoys, damaged fishing equipment, fouled freshwater intakes 

for both municipal and domestic use, and even cut the feet of 

swimmers at local beaches. Attachment of D. polymorpha to any 

solid surface has greatly altered native bivalve populations by 

colonizing the surface of native uninoids. This attachment by D. 

polymorpha mechanically prevents the uninoids from opening and 

closing and interferes with both filtering and burrowing. Indirectly 

D. polymorpha competitively excludes native uninoids by more 

effectively filtering the water and causing them to starve (Mackie 

1991). Large numbers of zebra mussels remove an enormous 

amount of seston and clarify the water column. They can remove 

suspended nutrients and particles from the water column and 

deposit them as pseudofeces. Although the zebra mussel increases 

the photic zone, primary production may decline because nutrients 

are concentrated at the sediments and are available only to the 

benthic community (Cotner et al. 1995). A decrease in production of 

pelagic autotrophs, heterotrophs, herbivorous zooplankton and 

planktivores, including fish, will follow this decrease in primary 

production (Mackie 1991).

The asiatic clam, Corbicula fluminea, was first found in the 

Columbia River of Washington state in the 1930's. It has since
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spread across the continent (Nelson and McNabb 1994) and as far 

south as Mexico and Brazil (Torres-Orozco and Roberto 1996). In the 

Potomac River, C. fluminea was responsible for a dramatic "sag" in 

phytoplankton abundance along a 6-8 km stretch, depositing 

nutrients in the form of pseudofeces (Cohen et al. 1984). Although 

not mentioned by Cohen, C. fluminea was probably in direct 

competition with native filter-feeding uninoids for phytoplankton. 

Cohen noted that Prokovich found the pseudofeces of C. fluminea to 

be a strong binding agent in the sediments of the river. This mucoid

like material requires a scouring action such as a storm to resuspend 

the bound nutrients and partially digested algae (Cohen et al. 1984).

The spiny water flea, Bythotrephes cederstroemii, is a 

predatory cladoceran native to oligotrophic lakes in northern Europe. 

It may have been introduced into the Great Lakes via the discharge 

of ballast water from an ocean freighter (Sprules et al. 1990). In the 

Great Lakes, it occupies an intermediate position in the food web 

where its impact has been limited (Vanderploeg et al. 1993; Lehman 

and Caceres 1993; Ketelaars et al. 1995). Thermal tolerances largely 

partition B. cederstroemii from competition with Leptodora kindti, a 

native predator zooplanktoner (Garton et al. 1990). In Europe, a 

closely related species, Bythotrephes longimanus, has only short



term impacts on herbivorous daphniad densities after reaching high 

population densities (Ketelaars et al. 1995). Barnhisel and Harvey 

(1995) have shown that young fish are unable to utilize B. 

cederstroemii as a food source.

The opossum shrimp, Mysis relicta, occurs naturally only in a 

few lakes in the south-eastern part of Norway. There it consumed 

detritus, phytoplankton, and small zooplankton. Effects of the 

introduction of M. relicta have been studied in Norway (Langeland 

1981), Lake Tahoe (Morgan et al. 1981) and two small alpine lakes 

bordering Lake Tahoe (Threlkeld 1981). After introduction into 

these lakes to improve fishing stocks, it was determined that M. 

relicta was a ferocious carnivore greatly affecting native 

zooplankton. It preferred large cladocerans when available, and 

even attacked the large and very mobile copepod Limnocalanus 

macrurus . M. relicta competed directly with arctic char, causing 

populations to decrease (Langeland 1981).

Recently the exotic cladoceran Daphnia lumholtzi has become a 

focus of study. D. lumholtzi is a native to Africa, southwestern Asia 

and Australia (Havel and Hebert 1993), but is now established in 

North America including Texas and Waco reservoir. Its expansion is 

expected to continue (Havel and Hebert 1993). It is easily recognized
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by a pointed anterior helmet much larger than any North American 

native species, sharp lateral fornices, and a tail spine at least as long 

as it body length (Havel and Hebert 1993). D. lumholtzi was first 

reported in the United States in 1991 at Fairfield reservoir of East 

Texas (Sorenson and Sterner 1992) and later reported to have been 

in Lake Texoma about the same time (Work and Gophen 1995).

Since that time, D. lumholtzi has dispersed rapidly. By 1993 it had 

been found in Waco reservoir, as far east as Florida, and as far west 

as Arizona (J. Elser 1997). Because of rapid range expansion by D. 

lumholtzi and in light of the impacts of other exotics described above, 

it is important to ascertain the impact of this exotic on an invaded 

ecosystem.

The primary concern of my research is how the herbivorous 

zooplanktoner D. lumholtzi will affect native species. In eutrophic 

lakes, competition for resources may play an important role in 

regulating seasonal succession of Daphnia species (Boersma 1995). A 

hypothesis widely tested since its suggestion by Hall et al. (1976) is 

the size-efficiency hypothesis. Summarized by Wetzel (1983), it in
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"...(a) Planktonic herbivores all compete for fine particulate 

matter of the open waters, (b) Larger zooplankton do so more 

efficiently and can also take larger particles. This greater 

effectiveness of food collection leads to relatively reduced 

metabolic demands per unit mass, permitting more assimilation 

to go into egg production by the larger herbivores, (c)

Therefore, when predation is of low intensity, the small 

planktonic herbivores will be competitively eliminated by large 

forms.”

This hypothesis has been supported by others (DeMott and 

Kerfoot 1982; Kerfoot et al. 1985; Vanni 1986) who found that 

Daphnia species are superior competitors over smaller cladocerans. 

More recently, Gliwicz and Lampert (1993) supported this hypothesis 

in tank experiments of varying trophic states using six species of 

Daphnia representing different body sizes. Larger bodied Daphnia 

out-competed smaller Daphnia in oligotrophic, mesotrophic and 

eutrophic conditions due to a lower food threshold concentration. The 

larger bodied Daphnia dominated in the hypereutrophic tank because 

they were too large to be successfully preyed upon by an
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invertebrate predator. Hall's size-efficiency hypothesis goes on to 

say:

"...(d) When predation is intense, size-dependent predation 

will eliminate the large forms, allowing the small zooplankton 

that escape predation to become dominate, (e) When 

predation is moderate, it will, by removing more of the larger 

species, keep the populations of these more effective feeders 

sufficiently low so that smaller competitors are not eliminated 

by competition..."

The ability of planktiverous fish to structure both the size and 

species composition of zooplankton communities has been thoroughly 

investigated and supports Hall’s hypothesis (See review by O'Brien et 

al. 1992).

The unique morphology of D. lumholtzi may protect it from 

predation. Tollrian (1994) suggests that the extreme cyclomorphosis 

of D. lumholtzi is an adaptation to coexist with planktivores, noting 

its lack of diel migration in the presence of planktivores 

(Worthington 1931). This apparent lack of vertical migration has 

been seen in Waco reservoir. The suggestion by Tollrian is further
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confirmed by the fact that where D. lumholtzi occurs naturally, an 

unhelmeted morph occupies the pelagic areas where planktivores are 

absent, while the helmeted form occurs in littoral areas where 

planktivores are numerous (Green 1967). In Lake Phewa, Nepal, 

Africa, Swar and Fernando (1979) suggested that the seasonal lull of 

D. lumholtzi was due in part to predation. They were unable to 

confirm this and also suggested low phytoplankton populations as 

the cause. Green (1967) believed the extreme cyclomorphosis of D. 

lumholtzi shielded it from the full effects of predation, although 

larger form size classes were selected out. This was also suggested 

by King and Greenwood (1992) in Lake Samsonvale, Australia. D. 

lumholtzi in the United States achieve larger sizes compared to those 

in lakes of their home range (Sorenson and Sterner 1992) suggesting 

absence of effective predators.

Large forms of D. lumholtzi were found in Waco reservoir 

suggesting the lake of effective predators. Initial samples of the 

zooplankton community indicated that D. lumholtzi was much larger 

than any native species. Therefore I assumed predation was not 

significant in regulating D. lumholtzi densities and hypothesized that 

D. lumholtzi competitively excludes other members of the

zooplankton community.



To evaluate possible means of exclusion, I attempted to answer 

questions regarding several attributes of this organism’s natural 

history. Because competitive exclusion is contingent partly on 

seasonality, I measured the seasonal dynamics of D. lumholtzi.

(1) For all sites combined in, is there a relationship between 

the increase in D. lumholtzi and decrease in any other zooplanktoner?

(2) Does density of D. lumholtzi correlate with water 

temperature?

(3) Do egg densities correlate with water temperature?

(4) Is the horizontal distribution of D. lumholtzi different 

within reservoir?

(5) Are egg densities significantly different among sample

sites?

(6) Is ephippia formation a function of density?

(7) Does the density of D. lumholtzi correlate with water

1 0
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CHAPTER TWO

Materials and Methods

Preliminary sampling indicated that D. lumholtzi primarily 

inhabited the quiescent water of coves. As a result, further samples 

were taken from five coves distributed throughout Waco reservoir to 

measure zooplankton diversity and densities and indicate community 

response to D. lumholtzi (Fig. 1).

Sites Two through Five were sampled on average, every 40 

days for one year while Site One was sampled on average every 52 

days. In February D. lumholtzi was found in pelagic samples and as a 

result two pelagic sample sites were added. One pelagic site, Deep 

Hole, was located in the deepest portion of the reservoir near the 

dam, while the other pelagic site, Open Water, was in the geographic 

middle of the reservoir. In addition to the pelagic sites of Waco 

reservoir, three sites from Belton reservoir were added in March 

1996, to compare D. lumholtzi abundance’s between to different 

reservoirs. Belton reservoir is monomictic, with a strong algal and 

clay turbidity gradient (Lind 1984). These three sites were along



a 29 km gradient that followed the river channel (Fig. 2).

For the cove sites in Waco reservoir, samples from the water 

column containing zooplankton and grab samples of sediment
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North

River

Figure 1. Waco reservoir with five original sample sites (sites One 

through Five) sampled between June 1995, and June 1996, and two 

other sample sites added in February of 1996.
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Cowhouse Creek

Site Three

Site Two

Site Three

Figure 2. Belton reservoir with samples sites One, Two, and 

Three located 0, 16, and 29 km respectively from dam.

containing ephippia were taken. Only zooplankton samples were 

taken from the pelagic sites of Waco reservoir and Belton reservoir. 

For all sites, water turbidity (25-cm Secchi disk) and temperatures 

(YSI Tele-Thermometer) of water, air and sediment were recorded.



For the first sampling date, zooplankton samples were taken at one 

meter intervals from the surface using a 30-L Schindler-Patalas 

plankton trap and preserved using a 5% final concentration formalin. 

Because species were not stratified in the water column, subsequent 

samples at 1-M intervals were combined for the entire water column 

and the zooplankton enumerated using the Sedqwick-Rafter counting 

method (Lind 1985). A plankton net was used to make replicate 

vertical tows after the third sampling date rather than labor 

intensive Schindler-Patalas samples. Lewis (1979) found that 

samples taken with the Schindler-Patalas were highly correlated 

with plankton net samples.

Plankton nets have a less than 100% filtering efficiency (Lewis 

1979) due to non-unidirectional uneven flow due to back pressure. 

To adjust for this inefficiency replicate samples were taken with a 

Schindler-Patalas trap and plankton net. The plankton net had a 0.5 

M diameter mouth with a 64 pm mesh and 1:4 mouth to length ratio.

Densities were compared and a filtration efficiency of 16.3% was 

determined. A multiplication factor of 6.14 was used on zooplankton 

count densities taken from plankton net samples. The formalin in
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preserved samples was replaced with 80% ethanol for increased 

safety.

Zooplankton were identified using keys from Thorp and Covich 

(1991) and Pennak (1978). Detailed anatomical characteristics were 

examined at 400X. Individual members of genus Daphnia were 

identified to species while other cladocerans were identified to 

genus or family. Copepods where identified and enumerated to 

order. Counts of zooplankton were made at 100X with Ward counting 

wheel using 5 ml aliquots (Henson-Stempel pipette). Zooplankton 

were counted until the most common taxon of the zooplankton 

community occurred 100 times.

Ephippia of D. lumholtzi were within the sediment taken by an 

Ekman dredge. Sediment samples were transferred to a 5-L sample 

bottle. Samples were refrigerated (4° C) until processing. The

sample was then sieved, and sediment passing through 500 pm 

mesh but retained by 232 pm mesh was kept. This remaining 

sediment was dried at room temperature and weighed to the nearest 

0.01 g. Sub samples were weighed and placed in a 9-cm diameter 

plastic petri dish for examination. All ephippia of D. lumholtzi in the 

sub sample were counted with the aid of a plastic petri dish with
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grided lines. Repeated sub samples were counted until the number 

of ephippia per sample fell within one standard deviation of the 

mean. Results for sub samples were extrapolated to the entire 

sample and reported as number of ephippia m'^.
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CHAPTER THREE

Results

Zooplankton seasonal abundances at the five Waco reservoir sites

Eight zooplankton taxa were detectable in zooplankton samples (Table 1).

Table 1. The eight zooplankton taxa detected in Waco reservoir between June 1995, and

June 1996.

Order Family Genus Species

Anomopoda Daphniidae Daphnia lumholtzi

Ctenopoda

Calanoida

Cyclopoida

Bosminidae

Chydoridae

Sididae

Daphnia

Ceriodaphnia

Bosmina

parvula

spp.

longirostris

For each of the sites, Bosmina longirostris, Cyclopoida, Calanoida and Daphnia lumholtzi 

predominated the zooplankton community (Tables 2-6).

At Site One, abundance of predominating zooplankton taxa was greatest during 

January, February or March (Table 2). D. lumholtzi increased in abundance from January

17



to a peak in February. B. longirostris dominated most of the sampling period, reaching a 

peak in March. During the same month, the cyclopoids reached a peak abundance. The 

calanoids peaked in January.

Table 2. Zooplankton taxa collected at Site One, Waco reservoir between June 1995, and 

June 1996. Values are number of organisms per liter.

18

Collection date
6/27 10/29 1/20 2/17 3/31 6/9 6/28

D. lumholtzi 0.2 0.1 3.1 4.7 3.9 1.6 .06

D. parvula 0 0 0 0 0 0 0

Ceriodaphnia 0 0 0 0 0.1 0 0

B. longirostris 0.2 9.1 11.6 10.8 17.0 0.1

Chydoridae 0 0.1 0 0 0 0 0

Sididae 0.1 0.6 0 0 0 0.4 0.2

Calanoida 0 1.3 6.6 5.3 3.9 0.1 0

Cyclopoida 0.4 3.8 4.9 0.4 10.3 0.6 0.1

Peak densities among the dominant taxa for Site Two were much greater than Site 

One (Table 3). B. longirostris, Sididae, Calanoida, and Cyclopoida reached densities at 

Site Two higher than that found anywhere else in Waco reservoir. Densities of D. 

lumholtzi peaked in February like Site One, although D. lumholtzi at Site Two reached 

densities five times that of Site One. B. longirostris dominated the zooplankton community 

numerically for much of the year as it did at Site One, but at Site Two, B. longirostris 

reached densities almost twice that of Site One. Also unlike Site One, B. longirostris at 

Site Two reached a peak density in June of 1995 verses March for Site One. Sididae 

reached peak densities in June 1995 and then sharply declined. Densities of the calanoids 

contrasted also; they were five times greater than those of Site One and peaked during May



instead of January like Site One. Cyclopoids at Site Two reached densities three times that 

of cyclopoids of Site One and reached this peak a month later than Site One.

Table 3. Zooplankton taxa collected at Site Two, Waco reservoir between June 1995, and 

June 1996. Values are number of organisms per liter.

Collection date
6/27 8/10 10/29 1/20 2/17 3/31 5/8 6/9 6/28

19

D. lumholtzi 1.6 0 0.2 15.2 19.5 1.4 1.2 4.4 0

D. parvula 0 0 0 0 0 0 0 0 0

Ceriodaphnia 0 0 0.2 0.6 0 0 0 0 0

B. longirostris 30.0 1.0 12.2 7.4 7.9 23.9 1.7 0 .3

Chydoridae 0 0 0 0 0 0 0 0 0

Sididae 10.7 0.5 0.4 0 0 0 0 0.4 0

Calanoida 1.7 0.3 0.6 0.3 2.8 2.1 31.3 0.1 0

Cyclopoida 3.7 0.4 2.9 0.1 0.4 0.6 29.5 0.6 0.3

Seasonal densities among taxa for Site Three differed from both sites One and Two 

(Table 4). D. lumholtzi reached a peak abundance in June unlike sites One and Two whose 

seasonal peak was in February. D. lumholtzi did have a second population increase in 

February similar to sites One and Two. B. longirostris densities peaked in March just 

below those densities found at Site One. The calanoids reached seasonal peaks in October 

at Site Three with densities less than that found at Site Two but twice that of Site One. The 

cyclopoids also reached seasonal peaks in October, unlike sites One and Two who reached 

seasonal peaks in March and May.

At Site Four D. lumholtzi reached a seasonal peak in June of 1995 like Site Three, 

although these densities were five times that of Site Three (Table 5). The peak in June for 

D. lumholtzi was the highest density in the reservoir during the sampling period for that



taxon. B. longirostris numerically dominated for most of the year peaking in March similar 

to Site One and Site Three at similar densities. The calanoids densities remained very low 

throughout the year compared to the other sites, and peaked in March unlike any other site. 

The cyclopoids also remained relatively low except for a peak in March with densities 

similar to the other sites.

Table 4. Zooplankton taxa collected at Site Three, Waco reservoir between June 1995, 

and June 1996. Values are number of organisms per liter.

Collection date
6/27 8710 10/29 1720 2717 3771 578 6/9 6728“
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D. lumholtzi 5.3 0.9 0.1 0.4 2.5 0.5 .03 0.4 .3

D. parvula 0 0 0 0 0 0 0.1 0 0

Ceriodaphnia 0.5 0 0 0 0 0.2 0 0 0

B. longirostris 5.3 10.7 8.8 2.5 6.0 12.6 0.1 0 0.2

Chydoridae 0 0 0 0 0 0 0 0 0

Sididae 0.2 0.5 0.4 0 0 0 0 0 0

Calanoids 0 0 13.3 1.6 5.2 0.4 5.8 0 0.1

Cyclopoids 1.4 0.5 6.1 0.9 0 4.4 0.8 0 0.1

Site Five seasonal abundance’s were contrastingly concentrated between the 

months of January and June, possibly due to only two sample dates in 1995 (Table 6). D. 

lumholtzi reached a seasonal peak in February like that of Site One and Site Two. B. 

longirostris reached a peak in March like that of Sites One, Three and Four. The calanoid 

seasonal peaks were like Site Two although about one third the densities of Site Two. The 

cyclopoids seasonality was similar to Site Two, while its densities were only half that of

Site Two.
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Table 5. Zooplankton taxa collected at Site Four, Waco reservoir between June 1995, and 

June 1996. Values are number of organisms per liter.

Collection date
6/27 8710 17)729 1720 2717 3731 578 679 6728

D. lumholtzi 27.3 0.4 0 0 1.1 0.6 0.1 0.1 0.4

D. parvula 0 0 0.1 0 0 0 0 0 0

Ceriodaphnia 2.5 0 0 0 0 0 0 0 0

B. longirostris 0.9 1.4 13.0 0.4 3.7 16.3 0.5 0 0.4

Chydoridae 0 0 0 0 0.1 0 0 0 0

Sididae 0.8 0.2 0.8 0 0 0 0.1 1.3 0.3

Calanoids 0.9 0.2 1.1 1.7 1.9 4.2 1.0 0.1 0

Cyclopoids 0.4 0.1 2.8 0.9 1.2 13.9 1.2 0.3 0.2

Table 6. Zooplankton taxa collected at Site Five, Waco reservoir between June 1995, and 

June 1996. Values are number of organisms per liter.

Collection date
6/27 8/10 1/20 2/17 3/31 5/8 6/9 6/28

D. lumholtzi 0.5 0.1 0.6 6.8 0.3 2.2 1.1 0.4

D. parvula 0 0 0 0.1 0.3 0.6 0.1 0

Ceriodaphnia 0.4 0 0 0 0 0 0 0

B. longirostris 1.0 0.1 3.0 4.5 21.9 0.5 2.5 0

Chydoridae 0 0 0 0 0 0 0 0

Sididae 0.1 0.2 0 0 0 0 0 0

Calanoids 0 0 2.0 5.0 8.1 21.5 0.3 0

Cyclopoids 1.6 0.2 0.7 0.5 12.2 15.4 2.2 0.2
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Competitive exclusion

To determine if D. lumholtzi competitively suppressed any zooplankton taxon 

across the lake, data for the five sites were combined and evaluated using a Pearsons 

Correlation Coefficient (PCC) (Table 7). There were no significant inverse correlations 

between D. lumholtzi and any other zooplankton, although Ceriodaphnia did show a 

significant positive correlation (p=.0001) with D. lumholtzi (Table 8).

Table 7. Zooplankton taxa collected at sites One through Five for Waco reservoir between 

June 1995, and June 1996. Values are mean number of organisms per liter for the five 

sites.

Collection date
6/27 8/10 10/29 1/20 2/17 3/31 5/8 6/9 6/28

D. lumholtzi 6.9 0.4 0.1 3.9 6.9 1.3 0.9 1.5 0.2

D. parvula 0 0 0 0 0 0.1 0.2 0 0

Ceriodaphnia 0.7 0 0 0.1 0 0.1 0 0 0

B. longirostris 2.5 3.3 10.7 5.2 6.6 18.3 0.8 0.5 0.2

Chydoridae 0 0 0 0 0 0 0 0 0

Sididae 2.4 0.4 0.5 0 0 0 0 0.3 0.1

Calanoida 0.5 0.1 4.1 2.4 4.1 3.7 14.9 0.1 0

Cyclopoida 1.5 0.3 3.9 1.5 0.4 8.3 9.4 3.2 0.1

D. lumholtzi relationship to temperature, and egg density
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At two of the five sites, D. lumholtzi abundance was inversely correlated with 

temperature (Table 9). Site One had a PCC of -.829 (P=.021) and Site Two had a PCC of 

-.806 (P=.008).

Table 8. Pearson Correlation Coefficients between each zooplankton group over the course 

of one year. There were no significant inverse correlations between D. lumholtzi and any 

other zooplankton at P<.05.

Collection date
D. lum D. parv Cerio B. long Chyd Sidid Cal an Cyclo

D. lumholtzi - .263 .760 -.002 -.275 .029 .040 -.117

D. parvula .388 .147 .201 .230 N/A .343

Ceriodaphnia - -.059 -.253 .414 N/A -.102

B. longirostris - .070 .748 N/A .240

Chydoridae - .333 N/A .117

Sididae - N/A .290

Calanoida - N/A

Cyclopodia -

Table 9. Pearson Correlation Coefficient for D. lumholtzi densities against water 

temperature and egg densities for course of one year. * Denotes significant value at P<.05.

SITE Water Temperature Egg Densities

ONE -.828 * .432

TWO -.805 * .111

THREE .014 -.623

FOUR .012 -.517

FIVE -.521 .871 *



Ephippia egg formation did not appear to be a function of population density at sites
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One through Four, while Site Five had a significant PCC of 0.871 (P=.011). Sites One 

through Four had PCC values of .432, .111, -.623, -.516 respectively.

Ephippal egg relationship to temperature

Table 10 indicates egg densities for each sample site for date sampled. There was 

no correlation (PCC) between ephippial egg density and water temperature at any of the 

five sites (Table 11).

Table 10. D. lumholtzi ephippia egg densities for each site for sample date between 

June 1995, and June 1996.

Collection date
6/27 8/10 10/29 1/20 2/17

One 28,869 N/A 17,649 17,649 N/A

Two 36,270 25,392 26,704 23,697 48,103

Three 14,889 16,753 30,080 28,303 N/A

Four 1861 5453 5410 7962 N/A

Five 13,633 19,995 N/A 2,337 N/A

Table 10. (cont.) Collection date
Collection date 3/31 5/8 6/9 6/28

One 143,408 N/A 72,049 96,055

Two 40,846 39,125 40,472 47,226

Three 38,277 25,657 24,522 36,681

Four 17,115 11,893 22,176 12,542

Five 8,383 113,384 12,159 7,138
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Table 11. PCC between egg densities and water temperature for each of the five sites. 

None were significant.

Site One Two Three Four Five

Pearson Correlation Coefficient .048 .102 -.572 -.273 .098

Horizontal homogeneity

The distribution of D. lumholtzi was not significantly different among any of the 

five sites using a Ryan-Einot-Gabriel-Welsch multiple F test (P=.628).

Using the same test, egg densities between Site One was significantly different 

from Sites Four and Five (P=.018).

Densities for each taxon at the two pelagic sites (Tables 12 and 13) combined and 

compared to densities for each taxon at the five cove sites produced one significant 

difference. Cyclopoid abundances in the pelagic zone were significantly lower compared to 

the cove sites (P=.007).

Secchi Depth

Pearson’s Correlation Coefficient between zooplankton density taxa and water 

visibility (measured by Secchi depth) had no significant correlation at P<0.05 (Table 15).

Belton reservoir

Samples Sites One, Two, and Three were located at a distance of 0 km, 16 km, and



Table 12. Zooplankton taxa collected at Open Water Site, Waco reservoir between 

February and June 1996. Values are number of organisms per liter.
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Collection date
2/17/96 3/31/96 5/8/96 6/9/96 6/28/96

D. lumholtzi 24.9 0.4 6.1 2.6 1.2

D. parvula 0 0 0.5 0.8 0

Ceriodaphnia 0 0 0 0 0

B. longirostris 6.1 31.9 0.2 0 3.1

Chydoridae 0 0 0 0 0

Sididae 0 0 0.1 0 0

Calanoida 8.0 4.2 17.9 17.2 1.7

Cyclopoida 1.2 16.6 8.6 12.9 5.2

Table 13. Zooplankton taxa collected at Deep Hole Site, Waco reservoir between February 

and June 1996. Values are number of organisms per liter.

Collection date
2/17/96 3/31/96 5/8/96 6/9/96 6/28/96

D. lumholtzi 0.2 0.3 1.9 5.1 0.2

D. parvula 0 0.1 1.0 1.1 0.4

Ceriodaphnia 0 0.2 0.1 0 0

B. longirostris 0.1 8.0 1.0 0 0.3

Chydoridae 0 0 0 0 0

Sididae 0 0 0 1.9 0.9

Calanoida 0.1 1.9 11.5 0.9 0.4

Cyclopoida 0 10.1 25.5 5.2 9.1



29 km respectively, from Belton dam. Secchi depths in Belton reservoir were more 

variable than in Waco reservoir (Table 14).

Table 14. Secchi depths for sites One through Five at Waco reservoir between June 1995, 

and June 1996. Values are given in meters.
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Collection date
6/27 8/10 10/29 1/20 2/17 3/31 5/8 6/9 6/28

One 1.1 N/A N/A 1 0.8 0.5 N/A 0.6 1.3

Two 1.2 2.8 0.6 0.8 1.3 0.5 0.8 0.9 1.3

Three 0.6 2.8 0.4 0.9 0.8 0.3 0.3 0.5 0.6

Four 0.6 2.5 0.5 0.9 0.6 0.4 0.6 0.6 0.7

Five 0.8 1.7 N/A 0.8 0.8 0.4 0.3 0.3 0.5

Table 15. Pearsons Correlation Coefficients between Secchi depth and densities for major 

zooplankton community members for each of the five sample sites of Waco reservoir. 

None were significant at P<.05.

D. lumholtzi B. longirostris calanoid cyclopoid

Site One -0.63 -0.52 -0.25 -0.56

Site Two -0.11 -0.32 -0.2 -0.21

Site Three 0.04 0.37 -0.34 -0.32

Site Four -0.13 -0.31 -0.39 -0.31

Site Five -0.07 -.30 -0.51 -0.54

Although no correlation existed between D. lumholtzi density and temperature or 

Secchi at any one site, pooled data for each site over the sample period indicate a significant 

correlation (P=.0048) between distance from dam and D. lumholtzi densities (Table 16).



As distance from the dam increases, densities of D. lumholtzi increase (Pearson Correlation
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Coefficient = 0.578).

Table 16. Density (f‘) for D. lumholtzi, temperature (C), and Secchi depth (m) for three 

samples sites of Belton reservoir from March to June 1997.

Collection date
3/8 3/29 5/4 5/18 6/7 7/1

Site One Density 0.2 0 0 0 0 0.1

Temp. 11 12 17 19 23 28

Secchi 1.8 2.0 2.5 3.0 2.4 2.8

Site Two Density 0.3 0 0 0 0.1 0.4

Temp. 12 13 20 23 27 28

Secchi 1.3 1.5 N/A 1.4 2.0 2.1

Site Three Density 0.1 0 20.5 8.8 22.6 17.7

Temp. 12 13 22 24 27 30

Secchi 0.4 0.5 0.6 0.3 0.4 0.8



CHAPTER FOUR

Discussion

Competition between D. lumholtzi and other members of the 

zooplankton community in Waco reservoir was not detected. Competition 

may have been suppressed by one or a combination of the following: 

moderate predation, niche partitioning or discontinuous equilibrium.

Moderate predation

As described by Hall et al. (1976), moderate predation (top down) on 

large zooplankters can keep population densities of these more efficient filter 

feeders sufficiently low so that smaller competitors are not eliminated. 

Predation did select for the larger D. lumholtzi in Lake Samsonvale 

Australia, despite being shielded from the full effects of vertebrate predation 

by its unique morphology (Green 1967).

Leibold (1991) also found that in the presence of predators, the smaller 

D. galeata mendotae could predominate over the larger D. pulicaria . This is 

because fish are visual predators, and D. galeata mendotae is of smaller size 

and greater transparency compared to D. pulicaria. Predation then allows
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these two species to trade off in their ability to proliferate with one another. 

Leibold (1991) studied a zooplankton community that verified Hall's 

hypothesis. In this community, predators suppressed populations of D. 

pulicaria and allowed the smaller, less-competitive D. galeata mendotae to co

exist (Leibold 1991).

In Lewis's (1979) study of Lake Lanao, predatory pressure from both 

invertebrates and vertebrates was implicated in the failure of herbivores to 

crop a larger portion of the phytoplankton. Because of this, zooplankton 

never exhausted even preferred foods. For Waco reservoir, fish predation 

may govern zooplankton composition, promoting larger D. lumholtzi and 

allowing smaller species not only to co-exist, but to compose the majority of 

the zooplankton community. However, I have no data supporting this idea.

Niche partitioning

Niche partitioning is another possibility for failing to detect 

competition in Waco reservoir. Niche partitioning contradicts Hall's 

hypothesis by allowing two species of different sizes to co-occur without the 

presence of a predator. There are two types of partitioning regarding food 

resources, these are particle size and resource quality. I will address particle 

size first.

Smaller zooplankton are frequently found to dominate over, or coexist 

with, larger bodied zooplankton in the absence of a mediating predator (See 

review by DeMott and Kerfoot 1982). Lynch (1980) and Tessier and Goulden
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(1987), demonstrated that smaller cladoceran species can be superior 

competitors for limiting resources. In a comparison between D. lumholtzi 

and Bosmina of Lake Chivero, Africa, using mixed algae, Bosmina was found 

to prefer smaller particle sizes of cultured algae in the range of 1.15 pm-2.4 pm

compared to that of D. lumholtzi of 4.0 pm-8.4 pm (Magadza 1994). Pace et al. 

(1983) found that the ability of smaller species to utilize particles less than 1 

pm could initiate a shift in zooplankton community size structure from 

larger zooplankton to smaller zooplankton. DeMott and Kerfoot (1982), using 

a large scale enclosure study, demonstrated that while food items for Bosmina 

fall within the range of Daphnia, the ability of Bosmina to forage more 

effectively upon highly edible flagellates allows its persistence. DeMott and 

Kerfoot (1982) cite Neill (1975) and Lynch (1978) as arguing that Ceriodaphnia 

could out compete large Daphnia because juvenile Daphnia were particularly 

sensitive to resource depression. The feeding ecology of small-bodied 

zooplanktoners is probably far more complex than originally assumed under 

Hall's hypothesis. This "differential utilization efficiency" (Pace et al. 1983) 

may be responsible for the success of the smaller Bosmina in Waco reservoir.

Copepods are more selective than cladocerans, particularly Daphnia 

which are far less selective in using food particles (DeMott 1986 and DeMott 

and Moxter 1991). Lewis's (1979) Lake Lanao study correlated more linear 

phytoplankton shapes with cyclopoids while cladocerans where found to be 

correlated with round or oblong shaped phytoplankton. This probably reflects



differences in the feeding methods of the two groups. Copepods are raptorial 

feeders, grasping a potential food particle, turning it until oriented 

lengthwise, and then consuming or rejecting it.

The second part of niche partitioning comes from food quality. Lewis 

(1979) found that though size and shape are important in determining 

consumablity of a food, (especially among herbivore categories) other factors 

must be important in determining food quality. Lewis also found a poor 

correlation between total phytoplankton structure and zooplankton 

mortality, even when accounting for predation. He speculated that though 

phytoplankton were abundant, they frequently may be nutritionally poor or 

indigestible. Daphnia fluctuations in mesotrophic lakes may correspond with 

dramatic changes in resource quality and therefore the demographics of 

coexisting grazers would correspond as well (Kerfoot et al. 1988).

Recently the consideration of various elemental ratios within 

organisms, termed stoichiometry, has become the theme of plankton ecology 

(Elser and George 1993). Based on the same principles as Redfield's (1958) 

classic work on the relationship between biological process and chemical 

composition of the sea, this idea revolves around the availability of various 

elements and the ratio of these elements needed by an organism during its 

life history. The stoichiometric ratios in phytoplankton among C, N, and P 

are highly variable (Duarte 1992) and the use of C:P, C:N and N:P ratios as 

indicators of phytoplankton nutritional state are now widely used (Elser and 

George 1993). Andersen and Hessen (1991) found differing N:P ratios in
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various zooplankton taxa and Elser and Nicolas suggested that selective 

feeding on more elemental suitable algae might allow a more balanced diet 

than that calculated from seston ratios. Cladocerans have a greater P 

requirements than copepods (Anderson and Hessen 1991), and in general, 

nonpredatory copepods have much lower grazing rates than the cladocerans 

(Wetzel 1983). Schulze et al. (1995) using culture experiments, found that the 

copepod Diaptomus oregonensis requires less food than Daphnia pulicaria, 

and although he acknowledged the difference in N:P ratios between copepods 

and cladocerans, did not consider the stoichiometric possibility for the 

competitive fitness of Diaptomus over D. pulicaria in the experiments. 

Nutritional requirements within cladocerans may vary as well. D. lumholtzi 

has a very high level of P, considering its slow growth rate (Elser 1997). Waco 

reservoir was found to be intermittently P limited between June and 

November (Kimmel 1969) and may become consistently P limited during 

spring months. This would correspond to the population decline of D. 

lumholtzi at the five sample sites after February when D. lumholtzi would 

be P limited compared to both Bosmina and the copepods.

Discontinuous equilibrium

Finally, "despite periods of intense competition, species exclusion is 

slow compared to environmental changes that continuously alter the rank 

superiority of species and maintain diversity " (Hu and Tessier 1995). This 

dis-equlibrium in the environment may prevent intense competitive
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interactions from structuring the zooplankton composition and thus 

competition would not be evident among zooplanktoners. Sporadic physical 

and chemical disturbances from inflowing waters are common characteristics 

of reservoirs, where rain events combined with large watersheds produce 

stochastic pulses of suspended clay and nutrients, increasing turbidity and 

primary productivity (Thorton et al. 1990). Waco reservoir experiences these 

sporadic disturbances. The nature of competition is more complex than a 

static competitive hierarchy (Hu and Tessier 1995) and the exploitative 

efficiencies of different species may interact with abiotic variables which 

change both seasonally and with water depth. Hu and Tessier suggest that 

extreme temperature may restrict D. galeata to summer and could not rule 

out the effects of temperature in the coexistence of D. galeata and D. pulicaria. 

Yurista (1996) found that cladocerans have varying temperatures of 

maximum metabolism.

In Lake Texoma, during a four month sampling period, salinity and 

temperature were believed to have had an interactive effect on the 

distribution and abundance of D. lumholtzi (Work and Gophen 1995). In 

mid-July a large portion of the zooplankton community, including D. 

lumholtzi, crashed. The success of Bosmina after the annual zooplankton 

crash is thought to be due in part to the tolerance of Bosmina to high 

temperatures. Experiments in the lab found that D. lumholtzi suffers reduced

neonate production and mortality at temperatures above 30° C (Work and
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Gophen 1995). King and Greenwood (1992) suggest that D. lumholtzi has a 

temperature driven population growth response. In a tropical lake, where

temperatures are always between 25-29 C°, D. lumholtzi never enters a sexual

phase (Green 1967). At sites Three and Four of Waco reservoir, D. lumholtzi 

reached seasonal peaks during temperatures of 30 and 31 degrees C 

respectively. Waco reservoir Sites One, Two and Five were inversely 

correlated with temperature. Sites One and Sites Two being significantly 

correlated (Table 8).

An environmental factor rarely considered in determining 

zooplankton composition is that of clay turbidity. Clay interferes with grazing 

or ingestion of algae by non-selective filter feeders such as cladocerans (Kirk 

1991). Selective zooplankton feeders such as copepods are not as greatly 

suppressed (See review by Jack et al. 1993). During the sampling period of 

Waco reservoir. Sect depth was frequently less than 1 meter (Table 12). Waco 

reservoir is polymictic, with a resuspension of clays (Lind 1986), and receives 

distinct pulses of suspended clays following rain events. The lack of 

correlation between D. lumholtzi densities and Sect depth was likely the 

result of an inability to distinguish between clay and algal turbidity 

demonstrated by Lind (1986) for Waco reservoir (Table 14).

In Belton reservoir, an elongate reservoir (32 km) with a trophic state 

gradient (Lind 1984), D. lumholtzi densities increased prominently along an 

up river gradient that included (among other things discussed later)



increased clay turbidity and warmer temperatures. In Fairfield reservoir, 

increased Sect depth coincided with a dense population growth of D. 

lumholtzi (Sorenson and Sterner 1992).

Numerous descriptive studies have shown zooplankton populations 

and seasonal successions are regulated by a combination of resource 

limitation, predation (Threlkeld 1987) and probably abiotic factors, especially 

temperature. Although Waco reservoirs is eutrophic (Roark and Lind 1988), 

it is possible that Daphnia become resource limited. It is also likely that D. 

lumholtzi receives predation pressure from a number of planktivorous fish 

including post-larval white crappie (Pomoxiz annularis) and bluegill sunfish 

(Lepomis macrochirus) (Swaffer and O'Brien 1996). Predation, resource 

limitation, combined with the resource specialization of Bosmina and the 

cyclopoid and calanoid copepods, may "cushion" the impact of D. lumholtzi 

on native zooplankton of Waco reservoir.

Impact on productivity

Although numerically D. lumholtzi composes only a portion of the 

zooplankton community, the impact of D. lumholtzi on nutrient cycling, 

secondary, and tertiary production may be significant considering its filtering 

capacity in relation to other zooplanktoners.

D. lumholtzi peak densities for Lake Samsonvale Australia and Waco 

reservoir (after averaging abundances at all five sites) are similar at
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approximately 6.4 L \ D. lumholtzi was found to consume only 1 % of the 

average daily standing crop of phytoplankton in Lake Samsonvale (King and 

Greenwood 1992). King and Greenwood acknowledged that their strain of D. 

lumholtzi was much smaller than that reported by others, and indeed both 

egg clutches and body sizes were smaller than that found for D. lumholtzi in 

Waco reservoir. In Lake Samsonvale, D. lumholtzi was also found to have a 

production efficiency between 50 % and 66 %, relatively higher than that of 

other filter feeding cladocerans which can range from 17-73 %.

If we make the assumption that filtering rates among cladocerans are a 

function of carapace length, based on work done by Haney (1973), and Brooks 

and Dodson (1965), and we assume the filtering rate of D. lumholtzi is close to 

that of another Daphnia of equal size, we can then see that, of the water 

filtered by crustaceans in Waco reservoir, D. lumholtzi filters a significant 

portion (Figure 3).

Seasonal assemblages of phytoplankton differ markedly from early 

spring to summer, and nutrient dynamics are more subject to filtering loss 

and nutrient generation by grazers (Crumpton and Wetzel 1982; Lehman and 

Sandgren 1985; Sterner 1986). Changes in species composition and 

abundances of grazers may cause rapid changes in phytoplankton assemblages 

and as was shown in a mesotrophic lake, eventually even influence the 

demographics of coexisting grazers (Kerfoot and DeMott 1988). Magadza 

(1994) proposed that during periods where grazing rates exceed production of



edible algae, larger colonial forms of algae take advantage of available 

nutrients. These colonial forms have a competitive advantage by being
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Figure 3. Percent average of water filtered by crustaceans for Waco reservoir

between June 1995 and June 1996.

inaccessible to zooplankton, as a result herbivores decline. Waco reservoir 

frequently gives rise to colonial green algae and cyanobacteria, these algae 

probably impact herbivore population densities.

As mentioned earlier, grazing interactions have given some greater 

perspective to nutrient generation among zooplanktoners. While elemental 

ratios vary widely among phytoplankton, even within the same species.



elemental ratios among zooplankton are within more narrow bounds (Elser 

and George 1993). As a result of the elemental differences between consumers 

and food, regeneration rates can vary dramatically depending on deficits 

between the two (Elser and George 1993). For example, if a zooplanktoner 

consumes a phytoplankton containing N and P and the zooplanktoner is P 

limited, it will recycle the N and sequester the P. By doing this a 

zooplanktoner can alter the N:P ratio of the water and select for 

phytoplankton assemblages with low P requirements. The opposite can be 

true as well, phytoplankton N:P ratios can select for zooplankton species as 

well by not containing sufficient elements. This process can have a cascading 

effect. Planktivorus fish can promote release or sequestration of potentially 

limiting nutrients by altering the zooplankton species composition. Because 

vertebrate predators tend to prey more rapidly on Daphnia than smaller 

copepods, P may be released or sequestered more quickly altering N:P ratios 

available to phytoplankton.

Because Daphnia tissue has a lower N:P ratio than copepod tissue, fecal 

material excreted by Daphnia may be have a higher N:P ratio, thus affecting 

competitive relationships between phytoplankton (Elser et al. 1988). Because 

D. lumholtzi has been described as an "outlier" in P content (Elser 1997) it 

may serve as a sink for P in Waco reservoir provided it can obtain enough P 

to survive and grow. Unhatched ephippia may also serve as a sink, assuming 

they contain the same quantity of P by weight as do adults. D. lumholtzi, if
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preyed upon can also serve as a source or source sink depending on elemental 

ratio requirement of planktivores.

While elemental ratios are important in determining interactions 

between phytoplankton and their consumers, size among herbivores may be 

more important in energy transfer to primary carnivores. It reasons that in 

lakes where zooplanktoners utilize bacteria and other small particles, primary 

production utilization among the grazers and planktivores on smaller grazers 

will be less efficient. In contrast, lakes with large herbivores feeding on 

phytoplankton will more efficiently transfer to carnivores that energy gained 

originally from primary production (Sprules and Holtby 1979). Because 

vertebrate predators tend to prey more rapidly on Daphnia than smaller 

copepods, energy transfer may be more efficient when Daphnia is dominant 

(Schulze et al. 1995). If a Daphnia such as D. lumholtzi is introduced to an 

ecosystem where previously there was only a smaller Daphnia or none at all, 

D. lumholtzi could offer a more effective transfer of energy to primary 

carnivores.

Wu and Culver (1992) found that the young-of-the-year Yellow Perch, 

Perea flavescens, went through a reduced feeding and growth period during a 

zooplankton decline and speculated that this made the perch more 

vulnerable to predators, reducing survivability and ultimately recruitment. It 

would seem possible that a late summer population of D. lumholtzi (as has 

been seen in other lakes more prominently than in Waco reservoir) may 

supplement this dietary demand, increasing production. Swaffar and
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O’Brien (1996) found, however, that D. lumholtzi spines created feeding 

difficulties for juvenile bluegill sunfish (Lepomis macrochirus). When 

compared to D. magna, bluegill ingest fewer and have higher rejection rates 

for D. lumholtzi. This observation is of special significance considering 

young white crappie can contain up to 80% Daphnia, even when Daphnia 

comprise only 10% of the available zooplankton community.

Larval or juvenile fish are quite frequently obligate planktivores and 

their ability to utilize D. lumholtzi depends upon gape size. If planktivores 

haven't reached the sufficient gape size by late summer when many 

southwestern populations of D. lumholtzi appear, these planktivores may 

suffer reduced growth compared to those fish that are able to utilize D. 

lumholtzi as a food source. In June, D. lumholtzi densities increase at two of 

the five sites in Waco reservoir, and in Belton reservoir D. lumholtzi 

densities increase throughout the reservoir. This density increase could 

interfere with the feeding of planktivores.

Horizontal homogeneity

Although D. lumholtzi densities among the five cove sites were not 

significantly different over a year's period, there was a pattern of increasing 

abundance along an up-river transect of Lake Belton reservoir. As D. 

lumholtzi increased in abundance moving up-river, visibility decreased, 

water temperature slightly increased, and, as was demonstrated by Lind (1984), 

phytoplankton assemblages change dramatically. Havel et al. (1995) surveyed



114 reservoirs, 13 of which had been invaded by D. lumholtzi, and found that 

invaded reservoirs tend to have larger surface area, higher conductivities, 

higher nitrite and nitrate concentrations, and higher temperatures. It is 

possible then that this upstream gradient of increased abundance is the result 

of temperature. In Lake Chivero, Africa, D. lumholtzi, as well as other 

zooplankton members, increased in abundance moving towards the riverene 

portion of the reservoir where both sewage and irrigation run-off where 

confluent and suggest the distribution of zooplankton in the lake was due to 

the filterability of the algal species (Magadza 1994). Because Waco reservoir is 

smaller in length and has a shorter water retention time than Lake Belton, 

the gradient of change among phytoplankton. Sect depth and water 

temperature are not as pronounced, and like Lake Belton, the parameter or 

combination of parameters responsible for the abundance of D. lumholtzi 

would be difficult to assess. Turbidity has been suggested to influence 

horizontal heterogeneity of zooplankton by affecting light dependent 

predation (Stenson and Anderson 1987). Although a transparency gradient 

exists for Waco reservoir, no correlation could be found between the 

abundance of taxa and visibility (Table 14).

Carter et al. (1995), studying the horizontal gradient of a 12 mile river, 

found that Sect depth increased and total phosphorus and chlorophyll 

decreased moving down stream. Concomitantly, species composition among 

phytoplankton and zooplankton also changed.

42



43
Predation has been attributed to structuring stable zooplankton 

gradients along the length of a reservoir (Urabe 1990). In Ogochi reservoir, D. 

galeata dominated the near dam area by suppressing Bosmina . Near the 

head waters vertebrate predation was more heavy and allowed the increase in 

abundance of Bosmina .

Beginning in February, zooplankton samples were taken in two areas 

of the pelagic area in the lacustrine zone of Waco reservoir. There were no 

significant differences in D. lumholtzi abundance between pelagic sites 

(Tables 11 and 12) and the cove sites (Tables 1-5). Cyclopoid densities were 

significantly greater at coves sites than pelagic sites. This is not unusual as 

cyclopoids are primarily littoral and benthic (Thorp and Covich 1991).

Ephippia densities of D. lumholtzi did differ significantly between Site 

One versus sites Four and Five. The copepod Diaptomus anguineus was 

found to have a higher total hatching rate and a smaller resident egg bank 

near shore rather than deep-water sediments (R. I. Hall 1997). In Waco 

reservoir, all ephippia samples were taken from coves, and differences in 

depth among samples was negligible. The ability of invertebrates to consume 

ephippia eggs was examined using laboratory experiments and confirmed in 

Oneida Fake, New York (J. M. Caffrey 1997). There it was found that 

amphipods readily ingested the ephippia, whereas gastropods, tubellarians, 

chironomids and zebra mussels did not. No amphipods were seen in 

sediment samples sieved for ephippia and this is not surprising considering 

amphipods tend to inhabit well oxygenated, cold, "clear" and shallow (<1 m)
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bodies of water (Pennak 1978). Waco reservoir is relatively warm, not 

unusually oxygenated, clay turbid and eutrophic. Because characteristics of 

Waco reservoir make it a unsuitable habitat for amphipods, and because they 

were never seen in sediment samples, predation on ephippia is unlikely.

Seasonality

Although not statistically significant, the seasonality of D. lumholtzi 

among the five sites in Waco reservoir varied considerably. At sites One,

Two and Five, D. lumholtzi reached a seasonal peak in February like that 

found in Fairfield reservoir (Sorenson and Sterner 1992). Site Four reached a 

single peak in August, similar to that found in northern midwest reservoirs 

where D. lumholtzi occurs in late summer and declines rapidly in the fall 

(Havel et al. 1995; Swaffar and O'Brien 1996). In the southwestern reservoir of 

Lake Texoma, D. lumholtzi occurs in early summer reaching a peak in July 

until experiencing a community-wide zooplankton crash believed to be a 

result of high temperatures (Work and Gophen 1995). Site Three had 

characteristics of both Fairfield reservoir and northern midwest reservoirs, 

with densities peaking in June and February. In Lake Samsonvale Australia, 

D. lumholtzi consistently reached seasonal peaks in fall and spring while 

being undetectable during summer months. Summer maximum 

temperatures are well below those temperatures in U.S. reservoirs where D. 

lumholtzi is found to thrive (King and Greenwood 1992). Allozyme analysis 

indicates that the D. lumholtzi found in most of North America, and
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probably Waco reservoir, did not come from Australia (Havel and Hebert 

1993). In Lake Phewa, Nepal, D. lumholtzi peaked in February and March 

although this lake's temperature varies little seasonally (King and 

Greenwood 1992).

Conclusion

Although there were no obvious signs of competition, D. lumholtzi 

may still affect the ecosystem of Waco reservoir in some manner not 

considered by this study. Other invaded ecosystems need to be studied to 

identify competition between native zooplankton and D. lumholtzi and to 

quantify the effect D. lumholtzi has on nutrient cycling, and/or primary, 

secondary, and tertiary productivity. Currently research is directed towards 

finding what characteristics make a lake open to invasion by D. lumholtzi 

and what effects it has once there.
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