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Abstract

The vertical distribution of zooplankton was examined in
Lough Derg, Ireland. Zooplankton was collected at one location
every 2 m from the surface to the bottom during 24 hours at
four-hour intervals. Zooplankton was identified to the species
level and its density was calculated for each taxon, depth and
hour. We recorded 9 rotifer, 3 copepod, and 4 cladoceran species.
The highest total zooplankton density (rotifers, copepods,
cladocerans, mysids and zebra mussel larvae) was recorded at 3
a.m. Rotifers preferred mainly a depth from 0 to 8 m, while
copepods and cladocerans were observed within the whole water
column during a 24 hour observation. It was a different pattern
of diurnal migration than that Southern and Gardiner (1932)
received, though they didn’t study rotifers. Probably food
concentration and/or predatots, or other environmental factors
could influence the diel vertical migration of zooplankton from
Loug Derg.
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INTRODUCTION

Heterogeneous  distributions of zooplankton
originate from various processes, some of which can
be attributed to swimming of the animals (Folt,
Burns 1999), diel vertical and horizontal migrations
(Stich, Lampert 1981; Kvam, Kleiven 1995), and
active swimming along horizontal and vertical
gradients of temperature, food concentration,
predation (Kvam, Kleiven 1995; Lampert et al. 2003),
and the abundance of other species (Dumont 1972).

In addition, zooplankton species typically exhibit
daily, rhythmic changes in their vertical distribution.
In general, zooplankton tend to move upwards
during the hours of darkness and downwards as
daylight approaches (Southern, Gardiner 1932;
Hutchinson 1967).

Lough Derg was chosen to study a 24 hour cycle
of zooplankton migration. In the early 1920s,
Southern and Gardiner (1932) examined diurnal
migrations of crustaceans in Lough Derg and found
that species were not homogenous in their pattern of
diurnal migration. Since Southern and Gardiner’s
(1932) study, the lake environment has changed. In
subsequent decades, an increase in the abundance of
planktonic algae (especially blue-green algae) has
been observed, an invasive species — the zebra
mussel Dreissena polymorpha appeared, and there has
been a decrease in the abundance of an important
economic fish species — the eel (Anguilla anguilla).
Further increases in the levels of algal development
have been observed in recent years, giving rise to
concern about angling and other tourism along the
lake shore (McCarthy et al. 1998).

The aim of this study was to re-examine the
abundance and species composition of zooplankton
across different water layers over a 24 hour period
and compare present patterns in zooplankton vertical
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distribution with those described by Southern and
Gardiner (1932).

MATERIALS AND METHODS

Lough Derg (52°49-53°06° N, 8°09’-8°31> W),
the lower of the two larger lakes on the River
Shannon is a well mixed, non-freezing, meso- to
eutrophic, monomictic lake. Thermocline formation
in summer is usually short-lived. Table 1 presents
some characteristic features of Lough Derg. Much of
the lake lies on carboniferous limestone with the
exception of the narrow southern section, which is
underlain by Silurian strata. The lower reaches of
Lough Derg are largely enclosed by hills, the Slieve
Aughty Mountains to the west and the Arra
Mountains to the east, while to the north the upper
reaches of Lough Derg are surrounded by a relatively
flat agricultural landscape (Fig. 1).

Tablel
The characteristic features of Lough Derg.

‘ Features | Values
Mean depth (m) . 7.6
Max depth (m) . 34
Annual water level fluctuation (m) | 0.3
Residence time (year) . 0.2
Catchment area (km?) . 10.280
Shoreline (km) _ 179

Bowman (2000) reported some physical and
chemical features of the lake during 1998 and 1999:
the temperature range from 4.8°C (January) to
17.5°C (August); Secchi disc - 1.0 — 3.5 m; pH - 7.94
— 8.34; chlorophyll — 1 — 12 (ug dm3); N-NOz + N-
NO; - 500 — 1200 (ug dm?3); P-PO4 - 10 — 50
(g dm).

Phytoplankton is characterized by diatoms and
cyanobacteria. In winter - _Aphanizomenon flos-aguae,
Oscillatoria spp., Stephanodiscus astraea; in spring -
S. astraea, Tabellaria spp., Melosira italica, Asterionella
Sformosa; in summer - Oscillatoria spp., Tabellaria spp.,
Melosira  granulata; in autumn - Oscllatoria  spp.,
Tabellaria spp., M. granunlata (Bowman 1985, 2000;
Bowman et al. 1993). The fish are represented by the
tollowing species: Salmo salar, S. trutta, Perca fluviatilis,
Tinca tinca, Esox lucius, Abramis brama, Scardinius
erythrophthalmus, — Anguilla  anguilla  (economically
important), Coregonus pollans, Rutilus rutilus. Also an
invasive bivalve species, Dreissena polymorpha, has been

B sampling point

Fig. 1. Location of Lough Derg (Ireland).

observed in the lake since 1997 (McCarthy et al.
1998).

Samples were taken from the central site at the
deepest part of Lough Derg, on 26-27 of August
2003, at four-hour intervals (7 p.m., 11 p.m., 3 am., 7
am., 11 am., 3 p.m.), every two meters (from 0 m to
18 m) (Fig. 1). Samples for zooplankton taxonomic
identification and quantitative analyses were collected
using a 5-1 Ruttner sampler. Ten-liter zooplankton
samples (two replicate 5 1 samples) were concentrated
with a 50 um plankton net in the field and
immediately treated with 4% formalin. For
identification and counting of zooplankton species, 5
replicate sub-samples were analyzed microscopically
(X100 or x200) in the Kolkwitz chamber of 0.4 mm
height and 22 mm diameter. Taxonomic analyses of
zooplankton (rotifer, copepod and cladoceran taxa)
were conducted using the following keys: Dussart
(1967, 1969); FléBner (1972, 2000); Ejsmont-Karabin
et al. (2004); Rybak and Bledzki (2005); Voight and
Koste (1978a,b). Quantitative samples were prepared
by filtering 10 I' of water and reducing the sample
volume to 0.05 I'. Zooplankters were counted in 0.5
ml! Kolkwitz chambers. Mean density per 1 was
estimated on the basis of five chamber counts.
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When collecting the water samples for
zooplankton community identification, on-site
measurements of water temperature (°C), pH and
conductivity (uS cm?3) were also measured using a
multi-parameter YSI meter.

RESULTS AND DISCUSSION

During the 24 hour cycle, values of physico-chemical
parameters of lake water were similar from surface to
bottom, and a thermocline was not present. The
temperature ranged between 19.01°C (at 11 am) to
19.25°C (at 7 p.m.), pH was stable at 8.78, and
conductivity was 370 pS cm3. Similar temperatures,
higher pH values and conductivity were recorded in
the study of Southern and Gardiner (1926a,b). The
lake’s high alkalinity is detived from the underlying
carboniferous limestone bedrock and run-off from
the surrounding Midlands limestone plain.

The ecological importance of migratory behavior
of plankton has been the subject of much research
and discussion (e.g. Southern, Gardiner 1926a,b;
Hutchinson 1967; Dumont et al. 1985). Hutchinson
(1967) showed that the maximum zooplankton
concentration usually occurs near the surface at night
(nocturnal ascent) and at various depths during
daytime (diurnal descent). But this is a general point
of view and it is likely that many environmental
factors could change this “pattern”. Southern and
Gardiner (1926a,b) in their studies on zooplankton in
Lough Derg showed that species were not identical
in their reactions to whatever stimuli that provoke
the responses of species named “diurnal migration”.

During our 24 hour study in Lough Derg, 17 species
of zooplankton were found: 9 rotifers, 3 copepods, and
4 cladocerans. Some of them, such as Keratella cochlearis
and Poharthra vulgaris, are common in the European
lakes. One species Mysis relicta is typical for water bodies
in northern Europe (Appendix 1).

The highest values of total zooplankton density
(rotifers, copepods, cladocerans, mysids and zebra
mussel larvae) were observed in the water column
between 0 and 8 m at 3 am. (780 — 1180 ind. 1!).
Zooplankton densities below 100 ind. 1! were
observed at 11 am. (except at 12 m) and 3 p.m.
(except 0 — 4 m). During the early (7 a.m.) and late
morning (11 am.) the highest densities of
zooplankton were observed from 10 m to the
bottom but, by the eatly afternoon (3 p.m.) at 0 to 4
m (Fig. 2). Water-column zooplankton densities were
the highest from the surface to 8 m in the late
afternoon (7 p.m.), from the surface to 4 m in the

Appendix 1

List of zooplankton species in Lough Derg.

| Rotatoria
Ascomorpha saltans Bartsch 1870
Conochilus unicornis Rousselet, 1892
Kellicotia longispina (Kellicott, 1879)
Keratella cochlearis (Gosse, 1879)
Keratella cochlearis f. tecta (Lauterborn, 1900)
Keratella quadrata (Muller, 1786)
Polyarthra vulgaris Carlin, 1943
Synchaeta oblonga Ehrenberg, 1831
Trichocerca similis (Wierzejski, 1893)

I Copepoda I
Cyclops strenuus (Fischer, 1851)
Eucyclops macrurus (Sars, 1863)
Eudiaptomus gracilis (Sars, 1863)

| Cladocera
Bythotrephes longimanus Leydig, 1860
Daphnia galeata Sars,1864
Daphnia hyalina Leydig, 1860
Leptodora kindtii (Focke, 1844)

I Mysidacea I
Muysis relicta Loven, 1869

+ larvae of Dreissena polymorpha (Pallas, 1771)

evening (11 p.m.), and from the surface to 8 m at 3
am. In general, these observations of total
zooplankton  density  support  Hutchinson’s
hypothesis (1967) that the maximum zooplankton
concentration occurs near the surface at night and at
various depths during the day.

Rotifers as a group preferred a depth from O to 8
m, except at 11 p.m. when they were also observed at
the surface (150 ind. 1) and at the deeper part of the
water layer at 18 m (80 ind. I'). The highest value of
rotifer density (167 ind. I'Y) was recorded at 3 a.m. at
6 m. A high percentage of rotifers, above 60% of the
total zooplankton density, was recorded at 11 p.m. at
8 m, 12 m, 18 m and at 3 am. at 6 m and 18 m (Fig.
3). The most abundant rotifer species were Keratella
cochlearis and Polyarthra vufgaris. Both were observed in
the whole water column at night, but during the day
they were found in different water layers with low
abundance (Table 2). George and Fernando (1970)
found that these species can exhibit nocturnal
upward migration in the summer season and migrate
in the reverse direction in winter. Furthermore,
Karabin and Ejsmont-Karabin (2005) suggest that
the main factor that triggers off the vertical
migrations of Rotifera is food resource. However,
the presence of predators namely their kairomones
may induce vertical migrations (Loose, Dawidowicz

1994)
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Fig. 2. Total density (ind. I'l) of zooplankton in a water column of the Lough Derg during the 24 hour study.

Fig. 3. Density of rotifers, copepods and cladocerans in a water column of the Lough Derg during the 24 hour study.
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Table 2

Density (ind. I'l) of most abundant species of rotifer and crustacean community during 24 hour cycle in Lough Derg.

Rotifera Copepoda Cladocera Others
Hours  |Meters Keratella Polyarthra " . Eudiaptomus Daphnia Daphnia | larvae - Dreissena
i . nauplii|copepodite . .
cochlearis vulgaris gracilis galeata hyalina polymorpha
0 43 43 51 72
2 6 ' | 45 | 22 | 17 17 ‘ 122
4 5 ' 19 | 42 ' 5 154
6 42 ' 12 [ 79 | 12| 12 [ 24 [ 140
7pm. 8 56 : 6 45 . 11 | : ‘ 106
10 7 3 3 7 47
12 7 | |10 | | 11 [ 3 [ 3 | 49
14 10 ' 5 | 19 | ' [ 10 63
16 ' 6 | 5 ' 11 27 43
18 ' | 30 20 | 20 30 50
0 101 20 40 74 61 202
2 17 ' | 68 | 6 ' 52 [ 17 17 232
4 14 ' 3 | 24 30 17 48
6 14 ' | a ' 8 7 ‘ 67
tpm & 31 j 4 j _ j 4 _ 4 13 79
10 13 5 6 5 8 21 91
12 18 10 | 3 : 5 8 34
14 4 4 18 | [ 4 32
16 9 [ [ 24 | [ [ 19 57
18 42 ' 14 | 56 | 84
0 83 . 33 182 _ 42 , A 670
2 58 17 58 33 | 25 291
4 45 [ 60 165 | 15 | 30 [ 4 750
6 28 125 |14 28 [ 599
3am 8 62 4 99 12| 12 25 ‘ 456
10 35 . 26 35 17 26 243
12 27 27 |9 18 7 7 9 257
14 37 : 18 N 18 9 283
6 16 7 24 |16 | 8 | 16 7 8 | a8 129
18 34 17 206
0 32 9 27 | 10 7 7 9 73
2 : 4 . 13 17 4 30
4 13 7 13 13 7 20 7 20 91
6 33 | 7 7 7 7 7 7 53
T am 8 . 5 L9 .19 65
10 33 7 20 60 93
12 ' 6 18 6 12 ' 6 48
14 5 5 5 10 7 7 5 46
16 . 6 | 66 12 24 2 54
18 20 7 16 7 30
0 5 29 . 10 5 ‘ 44
2 _ | 19 _ 10 10 29
4 . 10 | 10 7 6 7 27
6 7 7 37
am. 8 2 14 2 4 6 14
10 9 9 14 5 23
12 11 6 50 28 28 6 106
14 4 5 4 18 ‘
16 7 27 . 7 27 27
18 4 4 4 9
0 16 5 26 . 16 10 88
2 7 17 10 | 17 L7 63
3pm. 4 13 4 4 4 17 4 58
6 2 2 3 4 , 6 | 23
8 10 | 13 14 55
10 4 3 14 3 14
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Copepods  reached  their  highest density
(200 ind. I'Y) at 3 a.m. twice, at 0 m and 4 m. This
group preferred the depths from 0 to 8 m at 7 p.m.,
11 p.m., 3 am. and 3 p.m., but deeper water layers
from 12 m to the bottom at 7 am. and 11 am. A
high percentage of copepods (>80% of the total
zooplankton density) was observed several times in
the morning at 7 a.m. and 11 a.m. (Fig. 3). Immature
stages of all copepods (nauplii and copepodites) and
Eudiaptomus ~ gracilis were most abundant. High
numbers of all copepods nauplii and E. gracilis were
recorded throughout the whole water column while
copepodites of all copepods were found at specific
water layers (Table 2). This differs from the patterns
of E. gracilis migration observed by Southern and
Gardiner (1932). They observed E. gracilis adult and
immature stages with the maximum concentration in
the surface layers (0 — 5 m) during the night and at 10
— 20 m during the day. In another Irish lake
(Gouganebarra), Gardiner (1957) observed the same
pattern of Diaptomus laticeps diurnal migration with
maximum concentrations at 0 — 5 m during night
time (3 am.) and at 20 — 25 m during daytime (2
p.m.).

Cladoceran density was never above 100 ind. 1.
The highest densities of cladocerans were observed
during the night in different water layers: 11 p.m. at 0
m (68 ind. 1), 3 am. at 4 m (75 ind. I'!) and 16 m
(64 ind. I'"); and during the eatly morning at 7 a.m. at
10 m (60 ind. 1"). In general cladocerans preferred
surface water layers during the night but deeper water
layers during the day. A high percentage of
cladocerans, 40-55% of the total density of
zooplankton, was recorded at 2 m (7 am.), 6 m (11
a.m. and 3 p.m.), between 8 — 10 m (7 a.m.) and once
in a deeper layer at 16 m (11 p.m.) (Fig. 3).

Daphnia hyalina was the most abundant species
and was observed within the whole water column
except at 7 p.m. when it was found only below 12 m
(Table 2). Southern and Gardiner (1932) reported a
contrasting pattern of migration for D. longispina, a
large Daphnia species similar to D. hyalina. During the
morning (6 a.m.) they found high concentrations of
D. longispina in deeper water layers, but by midday
Daphnia concentrations were the highest in the upper
5 m of the water column and were almost absent
below the 10 m level. In addition, Gardiner (1957)
found different results for D. longispina abundance in
Gouganebarra Lake: this species remained at 0 — 15
m throughout a 24 hour period. Ziarek et al. (2011)
observed that individual Daphnia behavior shows
extreme flexibility as a response to external and

internal factors (food, light, individual size of
daphnids, the presence of kairomones, the
occurrence of toxic elements), but the most
important factor influencing the biology of Daphnia is
the temperature.

In the present study, D. polymorpha larvae were
observed in large numbers throughout the whole
water column over the 24 hour period examined. The
maximum concentration (750 ind. ') was observed at
3 am. at 4 m depth. High concentrations of D.
pobymorpha larvae (40 to 50% of the total zooplankton
community) were commonly observed in Lough
Derg during summer months (Pociecha, unpublished
data).

The results of our field survey reveal the highly
dynamic character and variability of zooplankton
behavior. In general, zooplankton vertical migration
in Lough Derg was supportive of Hutchinson’s
(1967) hypothesis. Hutchinson (1967) distinguished
three types of vertical migration patterns: nocturnal
migration, twilight migration and reverse migration.

We can’t distinguished one type of migration for
one group in the examined zooplankton groups of
Lough Derg. For copepods we can describe
nocturnal migration (between 7 p.m. to 3 a.m.) and
reverse migration (at 3 p.m.). Cladocerans and
rotifers have not any of the typical discussed patterns
(Fig. 3). The occurrence of these patterns could have
been caused by temperature and light gradients,
predator avoidance or presence of invasive species.

The vertical distribution of limnetic zooplankton
species in Lough Derg may be related to the absence
of a thermocline as a bordetline for zooplankton
species (Lampert 2005). Temperature is often
observed to be the most important factor governing
the zooplankton vertical distribution (Dawidowicz,
Loose 1992; Cooke et al. 2008). Zooplankton
distribution in Lough Derg is probably not
connected with homogenous physico-chemical
variables but with other environmental factors. Light,
temperature and biotic interactions, such as
predation, interspecific competition, food availability
and feeding habits can influence and modify
migration patterns  (Gliwicz, Pijanowska 1988;
Lampert 1989; Mavuti 1992; Loose, Dawidowicz
1994; Sakwitiska, Dawidowicz 2005; Haupt et al
2009; Cohen, Forward 2009; Wojtal-Frankiewicz et
al. 2010). Dumont et al. (1985) stressed that in the
absence of strong forcing factors, such as visual
predation and light damage, it would be
advantageous for zooplankton not to migrate
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downwards during the day, allowing zooplankters to
feed continuously on the phytoplankton.

Summing up, we did not observe any evidence for
a pattern of zooplankton vertical distribution in
Lough Derg. Southern and Gardiner (1932) in their
studies on the diel vertical migration of crustaceans
in Lough Derg didn’t obtain a homogenous pattern
of DVM, about ~90 years later we stated that
crustaceans were observed in the whole water
column during day and night. Rotifers preferred
mainly a depth from 0 to 8 m but we could not
compare this result with the studies of Southern and
Gardiner because they investigated only crustaceans.
Probably light, food and/or predators, or other
environmental factors (especially the concentration
of a chemical trigger — the substance kairomone)
influence the zooplankton density, but this needs to
be confirmed in the future studies. In the future
studies we would also like to focus on the pattern of
vertical  distribution and diel migration of
zooplankton in relation to:

1)  seasons (spring, summer, autumn and winter),

2)  gradients of light and temperature,

3) biotic factors: food availability and predation,

4) influence of the invasive species zebra mussel
Dreissena polymorpha.

Liu et al. 2006 wrote that DVM is only a tip of an
iceberg from the perspective of the whole picture of
zooplankton behaviors , though it appears to be the
most marvelous spectacle during the lifetime of the
performers. DVM is notable for its diel rhythm,
magnitude of migration and ontogenetic vatriances
(Mclaren 1963; Uye et al. 1990; Zaret, Suffern 1976),
but all these remarkable features do not mean to
decouple the mechanisms underlying DVM from the
behavioral — strategies directing the “everyday
concerns” of an individual animal. In other words,
one mechanism, if it is reasonable for interpreting the
general behaviors, will be recommendable for the
understanding of DVM, and vice versa. Zooplankters
seemingly do not need to develop a different logic to
deal with the same problem: how to survive as long
as possible.

ACKNOWLEDGEMENTS

We would like to thank Prof. Henri Dumont for
comments and M.]. Polito and M. Szul for language
correction and editorial comments. This study was
co-funded by The Ministry of Science and Higher
Education in the Ministry’s Programme “Support of
international researcher mobility” No. 3/MOB/2007/0

and supported by the National University of Ireland,
Galway.

REFERENCES

Bowman J.J., 1985, The trophic status of Irish lakes: Lough Derg. An
Foras Forbatha, Dublin

Bowman ].J., 2000, River Shannon. Lake water quality monitoring
1998 and 1999. Environmental Protection Agency, Wexford,
Ireland, 58-64

Bowman J.J., McGarigle M. L., Clabby K.1., 1993, Lough Derg: An
investigation of eutrophication and its causes. A report to the Lough
Derg Working Group. Environmental Research Unit, Dublin

Cohen J.H., Forward R.B., 2009, Zooplankton diel vertical migration
— A review of proximate control. Oceanography and Marine
Biology: An Annual Review, 47: 77-110

Cooke S.L., Williamson C.E., Leech D.M., Boeing W.J., Torres
L., 2008, Effects of temperature and wultraviolet radiation on diel
vertical migration of freshwater crustacean ooplankton. Canadian
Journal of Fisheries and Aquatic Science, 65: 1144-1152

Dawidowicz, P., Loose, C.J., 1992, Metabolic costs during predator-
induced diel vertical migration of Daphnia. Limnolology and
Oceanography, 37: 1589-1595

Dumont H.J., 1972, A competition-based approach of the reverse vertical
migration in ooplankton and its implications, chiefly based on a study
of the interactions of the Rotifer Asplanchna priodonta (Gosse) with
several Crustacea Entomostraca. Internationale  Revue der
Gesamten Hydrobiologie und Hydrographie, 57: 1-38

Dumont H.J., Guisez Y., Carels I., Verheye H.M., 1985,
Experimental - isolation of positively and  negatively  phototactic
phenotypes from a natural population of Daphnia magna Stranss: A
contribution to the genetic of vertical migration. Hydrobiologia, 126:
121-127

Dussart B., 1967, Les Copépodes des eanx continentals d’Europe
occidentale: Calanoides et harpacticopides. Paris: Boubée and Cie,
pp- 500

Dussart B., 1969, Les Copépodes des eaux continentals d’Eunrope
occidentale: Cyclopoides et biologie. Paris: Boubée and Cie, pp. 267

Ejsmont-Karabin J., Radwan S. and Bielaniska-Grajner 1., 2004,
Polish Freshwater Fauna. Rotifers (Rotifera). X.6dz, University of
L.6dz, pp. 447

FloBner D., 1972, Krebstiere, Crustacea. Kiemen-und Blattfiifser,
Branchiopoda. Fischliuse, Branchinra. Jena, Fischer Verlag, pp.
501

FléBner D., 2000, Die Haplopoda und Cladocera Mittelenropas.
Leiden, Backhuys Publisher, pp. 425

Folt CL., Burns CW., 1999, Biological drivers of zooplankton
patchiness. Trends in Ecology & Evolution, 14: 300-305

Gardiner A.C., 1957, Preliminary observations on the diurnal migration
of the Crustacea in the plankton of Gouganebarra Lafke.
Proceedings of the Royal Irish Academy, 58B: 305-319

George MLF,, Fernando C.H., 1970, Diurnal migration in three species
of rotifers  in  Sunfish  Lake, Ontario. Limnology and
Oceanography, 15: 218-223

Gliwicz M.Z., Pijanowska J., 1988, Effect of predation and resource
depth distribution on vertical migration of ooplankton. Bulletin of
Marine Science, 43: 695-709

Haupt F., Stockenteiter M., Baumgartner M., Boersma M., Stibor
H., 2009,  Daphnia diel vertical migration: implications beyond
zooplankton. Journal of Plankton Research, 31: 515-524

Hutchinson G. E., 1967, A treatise on Limnology, vol 11: Introduction
to Lake Biology and the Limnoplankton. Wiley, New York, pp.
1115

Copyright© of Institute of Oceanography, University of Gdansk, Poland

www.oandhs.org

@ Springer



Zooplankton vertical distribution | 35

Karabin A, Ejsmont-Karabin J., 2005, An evidence for vertical
migrations of small rotifers — a case of rotifer commmunity in a dystrophic
Jake. Hydrobiologia, 546: 381-386

Kvam O.V., Kleiven O.T., 1995, Diel horizontal migration and
swarm  formation in  Daphnia in  response to  Chaoborus.
Hydrobiologia, 307: 177-184

Lampert W., 1989, The adaptative significance of diel vertical migration of
zooplankton. Functional Ecology, 3: 21-27

Lampert W., 2005, UVertical distribution of gooplankton: density
dependence and evidence for an ideal free distribution with costs. BMC
Biology, 3:10, 10, doi:10.1186/1741-7007-3-10

Lampert W., McCauley E., Manly B.F.J., 2003, Trade-offs in the
vertical distribution of o0plankton: ideal free distribution with costs?
Proceedings of the Royal Society of London, Series B, 270:
765-773

Loose C.J., Dawidowicz P., 1994, Trade-offs in diel vertical migration
by zooplankton: the costs of predator avoidance. Ecology, 75: 2255-
2263

Liu S-H., Sun S., Han B-P., 2000, Viewing DVM via general
behaviors of zooplankton: A way bridging the success of individual and
population. Journal of Theoretical Biology 238: 435-448

McCarthy T.K., Fitzgerald J., O'Connor W., 1998, The occurrence of
the zebra mussel Dreissena polymorpha (Pallas. 1771), an introduced
biofonling freshwater bivalve in Ireland. Irish Naturalists’ Journal,
25: 413-415

Mclaren LA, 1963, Effects of temperature on growth of zo0plankton and
the adaptive value of vertical migration. Journal of the Fisheries
Research Board of Canada, 26: 199-220

Mavuti KIM., 1992, Diel vertical distribution of zooplankton in Lake
Naivasha, Kenya. Hydrobiologia, 232: 31-41

Rybak J.I, Bledzki L.A., 2005, Copepods. Copepoda: Cyclopoida.
Warszawa: 10S, BMS, pp. 127

Sakwiniska O., Dawidowicz P., 2005, Life history strategy and depth
selection behavior as alternative antipredator defenses among natnral
Daphnia hyalina populations. Limnology and Oceanography, 50:
1284-1289

Southern R., Gardiner A.C., 1926a, Reports from the Limnological
Laboratory. 1. The Seasonal Distribution of the Crustacea of the
Plankton in Lough Derg and the River Shannon. Fisheries, Ireland,
Science Investment pp. 1-170. Plates 1.-XV. Text figs. 1-4

Southern R., Gardiner A.C., 1920b, A preliminary acconnt of the
dinrnal migration of the Crustacea of the plankton of Longh Derg.
Internationale  Revue der Gesamten Hydrobiologie und
Hydrographie, 5/6: 323-326

Southern R., Gardiner A.C., 1932, The dinrnal migration of the
Crustacea of the plankton in Lough Derg. Proceedings of the
Royal Irish Academy, 40B: 121-159

Stich H.B., Lampert W., 1981, Predator evasion as an explanation of
dinrnal vertical migration by zooplankton. Nature, 293: 396-398

Voigt M., Koste W., 1978a, Rotatoria. Die Ridertiere Mittelenropas.
Uberordung ~ Monogononta. 1. Textband. Betlin-Stuttgart,
Gebriider Borntraeger, pp. 673

Voigt M., Koste W., 1978b, Rotatoria. Die Rédertiere Mittelenropas.
Uberordung ~ Monogononta.  11Tafelband.  Berlin-Stuttgart,
Gebriider Borntraeger, pp. 468

Uye S., Huang C., Onbe T., 1990, Ontogenetic diel vertical migration of
the planktonic copepod Calanus sinicus in the Inland Sea of Japan.
Marine Biology, 104: 389-396

Wojtal-Frankiewicz A., Frankiewicz P., Jurczak T., Grennan J.,
McCarthy T.K., 2010, Comparison of fish and phantom midge
influence on cladocerans diel vertical migration in a dnal basin lake.
Aquatic Ecology, 44: 243-254

Zaret T.M., Suffern, |.S., 1976.,Vertical migration in o0plankton as a

predator avoidance mechanism. Limnology and  Oceanography,
21: 804-813

Ziarek ].J., Nihongi A., Nagai T., Uttieri M., Strickler J.R., 2011,
Seasonal adaptations of Daphnia pulicaria swimming bebaviour: the
effect of water temperature. Hydrobiologia, 661: 317-327

www.oandhs.org

@ Springer




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Perceptual

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice





