Figure 10: Mean density of small-bodied zooplankton in enclosures in 1991
Biotic Factors Experiment. Treatments were established in Morris Lake, adding
Daphnia pulex, Chaoborus americanus, and Diaptomus leptopus 1o enclosures in
a3 x 3 factorial design. Each treatment consisted of 3 replicates. Chaoborus
treatments are represented by solid symbols, D. leptopus treatment symbols are
triangles, and Daphnia treatments are represented by symbols connected with
broken lines. Day 0 indicates the day small-bodied zooplankton from Morris
Lake were introduced into enclosures. First sampling was on day 4. Standard

errors of the means are given in Table 6.
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the final week and a half of the experiment, corresponding to a decrease in D.
leptopus densities. The timing of the increase in rotifer density suggested that they
were released from predatory pressure by D. leptopus, implying that the relationship
between them and D. leptopus was negative, rather than positive, as suggested by
statistical results.

Daphnia did not cause a decrease in population densities of any small-bodied
zooplankton. Cyclopoid, D. oregonensis, and D. birgei densities were enhanced by
the addition of Daphnia to enclosures. On the final day of the experiment, enclosures
with Daphnia had significantly higher densities of D. birgei than controls (Table 7).
There was no Daphnia effect for any of the 6 rotifer species present.

Several interactive effects between treatments were detected. For B.
longirostris and Filinia, the effect of adding a second predator when one of either
Chaoborus or D. leptopus was present did not have as much of an impact as adding
a single predator when neither predator was present (Fig. 11). This significant
interaction was because each predator is capable of reducing densities to near zero
levels, thus the effect of adding an additional predator was negligible. A significant
interaction between Daphnia and Chaoborus treatments was found for D. birgei
(Table 6). In the absence of Chaoborus, Daphnia had a positive effect on D. birgei
densities. However, in the presence of Chaoborus, D. birgei densities were reduced
to O/L, regardless of the presence or absence of Daphnia (Fig. 11). There was a
significant interaction between Daphnia, D. leptopus, and Chaoborus treatments on
population densities of K. cochlearis. When Daphnia were present and Chaoborus
absent, addition of D. leptopus had little impact on K. cochlearis densities. The
addition of Chaoborus to treatments with D. leptopus caused a dramatic decline in
K. cochlearis densities. If D. leptopus were not present, population densities
increased (Fig. 12).

A pattern was apparent in the type of organism affected by each treatment
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Table 7: Results of LSmeans comparison between densities in Daphnia verses
Control enclosures and Daphnia & D. leptopus verses Control enclosures for
the 1991 Biotic Factors Experiment. Significance values were determined using
Bonferroni adjustments for a 2-way comparison (P=0.05/2). Significant values
after adjustment (P<0.025) are in boldface.

Species Daphnia vs. Control Daph &D. lep vs.Control
Bosmina longirostris 0.238 <0.001
cyclopoids 0.305 0.065
Diaptomus oregonensis 0.666 0.266
Diaphanosoma birgei 0.003 0.078
Keratella cochlearis 0.726 0.098
Polyarthra 0.706 0.243
nauplii 0.071 0.135
Filinia 0.649 0.012
Monostyla 0.477 0.535

Brachionus 0.370 0.489




Figure 11: Mean zooplankton densities for zooplankton in 1991 Biotic Factors
Experiment with significant 2-way interactions. Treatments were established in
Morris Lake, adding Daphnia pulex, Chaoborus americanus, and Diaptomus
leptopus to enclosures ina 3 x 3 factorial design. Figure is explicitly designed to
portray statistical interactions. Non-parallel lines indicate a significant interaction
between treatments. Bosmina had a significant Chaoborus*D. leptopus
interaction, Filinia had a significant Chaoborus*D. leptopus interaction, and

Diaphanosoma had a significant Daphnia*Chaoborus interaction.
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Figure 12: Mean zooplankton densities of K. cochlearis in 1991 Biotic Factors
Experiment. Treatments Were established in Morris Lake, adding Daphnia
pulex, Chaoborus americanus, and Diaptomus leptopus 1O enclosuresina3 x3
factorial design. Figures are explicitly designed to portray statistical interactions.
Non-paralle} lines indicate a significant interaction between freatments. Figures

depict a significant Daphnia*C haoborus*D. leptopus interaction.
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(Table 6). In general, Chaoborus tended to impact cladocerans and copepod taxa.
Only 3 of the 8 species affected were rotifers, one of which increased in Chaoborus
treatments. The D. leptopus treatment primarily influenced rotifer populations, with
only 2 of the 7 species affected being a cladoceran. Daphnia affected only
crustaceans.

Total biomass of small-bodied zooplankton in each enclosure was estimated
for the final day of the experiment. Individual zooplankton biomasses were
estimated by either using published dry weights of individual species or calculated
using published length-weight regressions (Table 8). At least 10 individuals were
measured in control bags on day 18 of the experiment. At this point, most species
densites in control bags had stabilized. The impact of each treatment organism
(Chaoborus, D. leptopus, and Daphnia) on total zooplankton biomass (excluding
treatment organisms) was estimated by comparing differences in total zooplankton
biomass between treatments with and without that particular treatment organism.
Chaoborus had the largest impact, reducing the mean total zooplankton biomass
82.5%, relative to Chaoborus-free enclosures (ANOVA; P=0.0005). Likewise, D.
leptopus additions resulted in a 58.5% reduction in mean total biomass (ANOVA;
P=0.012). There was a significant interaction between Chaoborus and D. leptopus;
adding 2 predators failed to decrease the biomass more than adding only 1 of either
predator. The addition of Daphnia to enclosures resulted in no significant change in

biomass.

Phytoplankton and Chlorophyll ¢ Results

Chlorophyll @ analysis provided an indication of resource levels in
enclosures during the 1990 and 1991 Biotic Factors Experiments. There was no
significant difference in chlorophyll a concentration among treatments in the 1990

Biotic Factors Experiment (RM ANOVA: P<0.05). However, in the 1991 Biotic




Table 8: Dry masses of individual zooplankton used to convert zooplankton
abundance to biomass for 1991 Biotic Factors Experiment,

Species dry wt,
(Hg/individyal)

Bosmina longirosiris 0.36 a
cyclopoids 029 a
Diaptomus oregonesis 229 a
Diaphanosoma birgei 056 a
nauplii 034 b
Keratella cochlearis 001 a
Polyarthra 002 a
Trichocerca multicrinis 0.08 ¢
Filinia 0.01 a
Monostyla 002 d
Brachionus 020 d

a - calculated from measured lengths in control bags on day 11 of 199{ Biotic
Factors Experiment using regressions provided by Downing and Ri gler (1984)
b - from Schindler and Novén, 1971

¢ - from Yan et al., 1991

d - from Bottrel] et al., 1976




Factors Experiment, chlorophyll a was significantly higher in Chacborus treatments
and D. leptopus treatments (RM ANOVA: Chaoborus P=0.0075; D. leptopus
P=0.0439) (Table 9). Chlorophyll a in Daphnia and Daphnia and D. leptopus
treatments (the two treatments that maintained Daphnia populations throughout the
experiment) was not significantly different from controls (LS Means comparison
with Bonferroni adjustment: £<0.025).

Phytoplankton composition was estimated from samples taken from
enclosures during the Abiotic Conditions & Resources Experiment (Table 10).
Tender Bog and Ed's Bog enclosures had high abundances of Dinobryon divergens
and Cryptomonas ovata. Small species, such as Merismopedia tenuissima,
Ankistrodesmus braunii, and Crucigenia quadrata, were dominant in Forest Service
Bog enclosures, Morris Lake enclosures were dominated by Anabaena

wisconsiense, Peridinium wisconsiense, and Dinobryon divergens.

DISCUSSION

Several factors apparently act simultaneously to prevent small-bodied
zooplankton from successfully colonizing fishless lakes in this region. Although
previous studies have focused primarily on the relative importance of competition or
predation, results from this study suggest that abiotic factors are also important in
determining zooplankton community structure in the absence of fish. Predation by
two invertebrate predators, C. americanus and D. leptopus, was shown to impact
zooplankton community composition and total biomass. Reduced densities of small-
bodied zooplankton resulting from competition with D. pulex was not detected
during either the 1990 or 1991 Biotic Factors Experiments.

The importance of abiotic factors to colonizing zooplankton was

demonstrated in both the Abiotic Conditions & Resources Experiment and the pH-

adjustment Experiment. Small-bodied zooplankton maintained lower densities when




Table 9: Mean concentration of chlorophyll @ (jtg/L) in enclosures in 1990 and
1991 Biotic Factors Experiments. Values in parenthesis represent 1 standard error

of the mean. Results of RM ANOVA (with Daphnia and Chaoborus as the main
effects in 1990 and Daphnia, Chaoborus, and D lepropus as the main effects in
19913are given in the last column.

Treatment Mean Significant Effects
1990 Biotic Factors Experiment

Control 24.5 (0.6)

Daphnia 24.0 (4.4) none
Chaoborus 22.4 (3.1)

Daphnia&Chaoborus 21.1 (1.5)

1991 Biotic Factors Experiment

Control 6.8 (0.8)

D. lepropus 9.4 (0.4) D leptopus
Chaoborus 8.4 (0.1) Chaoborus
D. lept&Chaob 11.0 (0.5)

Daphnia 7.7 (0.5)

Daphd&D. lept. 10.0 (0.3)

Daph&Chaob 8.0 (1.2)

Daph& Chaob&D. lept. 13.2 (1.3)



Table 10: Estimated relative abundance and length of phytoplankton from samples
taken from enclosures during the Abiotic Conditions & Resources Experiment. *'
indicate relative abundance, with "****' being the most abundant and ' ' being the

least abundant. A total of 8 *'s were distributed throughout each lake.

LAKE relative abundance length (m)
Ed's Bog

Crypromonas ovata *kokk 27
Dinobryon divergens ek 17
Chrysospaerella longispina dk 9
Synura sp. 10

Oscillatoria wisconsiense

Tender Bog

Dinobryon divergens . koK K 17
Cryptomonas ovaia ok ok 27
Dictyosphaerium sp. *

Chrysochromulina sp.
Anabaena sp. N

Forest Service Bog

Merismopedia tenuissima ook 2
Crucigenia quadrara * 4
Ankistrodusmus braunii ek 20
Peridinium inconspicuum 16

Scenedesmus sp.

Morris Lake

Anabaena wisconsiense okkok

Peridinium wisconsiense ok 50
Dinobryon divergens K 17
Glenodinium gymnodinium 40

Chrysochromulina sp. 8
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