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Crustacean zooplankton communities
in a New Zealand lake during four decades of trophic change
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Abstract Lake Rotorua is a eutrophic polymictic
lake in the centre of the North Island, New Zealand.
Three studies of its crustacean zooplankton, in 1955-
56, 1967-69, and 1994-95 have been made. Despite
increased eutrophication since the first study, spe-
cies composition has not changed: the calanoid
copepod, Calamoecia lucasi, dominates for much of
the year and Bosmina cf. meridionalis and Cerio-
daphnia cf. dubia are the only limnetic cladocerans.
Comparison of their annual cycles in abundance
between the studies show little regularity in the sea-
sonal patterns, suggesting that stochastic events, such
as storms, may be the most important controlling
factors through their effects on food levels.
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INTRODUCTION

Lake Rotorua, near the centre of the North Island, is
one of the most studied lakes in New Zealand
because of its situation in a tourist area noted as a
centre of Maori culture, of geothermal activity, and
of aquatic recreation including fishing for the trout
(Salmo trutta and Oncorhynchus mykiss), introduced
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from the 1870s onwards. Limnological investi-
gations were begun in 1955 by V. H. Jolly and have
periodically been repeated. Of the hundreds of lakes
in New Zealand, it is one of the very few in which
the zooplankton has been studied extensively. It was
one of the lakes investigated by Jolly in her
pioneering studies of New Zealand lakes, and hence
it is one of the few for which we have data extending
back for four decades. Jolly studied the zooplankton
between July 1955 and June 1956 (Jolly 1959,1977)
and later studies were made between January 1967
and April 1969 (Chapman 1973), and again from
March 1994 to March 1995 (present study).

Lake Rotorua is a eutrophic, caldera lake in the
Central Volcanic Zone of the North Island, with a
mean depth of 11 m (max. 42 m) and a surface area
of 78 km2 (Lowe & Green 1987). It is normally well
mixed but may stratify for short periods during calm,
hot weather when oxygen in the deeper layers may
become depleted. Since 1955 the lake has undergone
major changes in water quality and ecosystem nature
primarily because of the discharge of sewage from
the steadily growing city of Rotorua and its tourist
visitors, coupled with increasing agricultural
development of the catchment. The development of
extensive littoral beds of introduced macrophytes
also took place and by the 1970s water clarity was
often low and periodic blue-green algal blooms
occurred. Secondary treatment of sewage was
instituted and in 1991 the further step of discharging
the wastes onto a wetland in the neighbouring
Whakarewarewa Forest was taken. The lake has
become less eutrophic since 1988 as nutrient inputs
decreased (Burns et al. 1997). Water transparency
has increased again and further improvements will
occur as the nutrient reserves stored in the sediments
are progressively depleted (Rutherford 1996).

This paper considers whether there have been
changes in crustacean zooplankton community
composition and abundance during this period of
trophic changes and whether there have been
alterations in the patterns of seasonal dynamics of
the various species. Rotifers will be considered
separately.
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Fig. 1 Temperatures and oxygen
concentrations at Station 1 in Lake
Rotorua, New Zealand, in 1994-
95.
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METHODS
Samples were collected in 1994-95 at 14-22-day
intervals from one to three stations. Station 1 (SI)
was west of Mokoia Island where Jolly (1977) and
Chapman (1973) also sampled. Station 2 (S2) was
south of this area and Station 3 (S3) was in the deep-
est part of the lake. Weather prevented the intended
programme of sampling each station at 14-day in-
tervals but SI was sampled on 20 of the 21 dates.
The more exposed S2 was sampled least frequently
(14/21) and S3 was included on 18 dates. Secchi
transparencies were measured with a 20 cm disc, and
temperature and oxygen profiles determined with a
YSI model 56 meter at SI.

Jolly (1977) collected semi-quantitative zoo-
plankton samples in 1957-58, at monthly intervals,
with a 45 cm mouth diameter conical net made of
No. 4 bolting silk (c. 250 u.m mesh) which was low-
ered to a depth of 25 m from her dinghy. She then
rowed for 100 strokes in each of three different di-
rections. After each 100-stroke transect she emptied
the net, but the three samples were pooled for fur-
ther analysis. Samples in 1967-69 were collected at
fortnightly intervals by taking pooled duplicate

vertical hauls from an anchored launch, using a bet-
ter design of net of 20 cm mouth diameter, made of
100 u.m mesh silk (Chapman 1973). In 1994-95 we
used the same size and design of net but made of
42 jj.m silk to collect two vertical hauls from each
station but our main analyses are based on vertical
series of samples collected with a 10.7 litre
Schindler-Patalas clear perspex plankton trap fitted
with a 42 u,m filter and operated at 2-m intervals
from the surface to the bottom at each station. In all
studies samples were immediately preserved in for-
malin.

For each date the numbers of crustaceans in the
trap samples were counted in a 5 ml subsample
drawn from the well shaken sample. Its volume was
adjusted to give at least 100 of the dominant species
per subsample. The average numbers of animals per
sample at each station were divided by the trap
volume to give the mean number per litre. The means
at each station were then averaged to give an overall
mean density. As both the mean and median depths
of the water columns sampled were 20 m these
densities can be multiplied by 2000 to give
approximate densities under 1 m2.


