
THE EARTH’S HYDROSPHERE contains
around 38,000 km3 of freshwater, 22% of which
is stored as groundwater (with rivers and lakes
accounting for less than 0.5%). Most of this
groundwater is stored in alluvial aquifers and
karst (limestone) systems. In New Zealand,
many regions rely heavily on groundwater
resources for human consumption, agriculture
and industry. For example, aquifers beneath the
greater Christchurch area are the sole source of
untreated drinking water for about 350,000
people.

Given the enormous value of the groundwater
resources to many regions and the relative
sensitivity of these waters to pollution, it is
surprising that we know very little about our
groundwater ecosystems. For example, most
people do not realise that groundwaters actually
contain a distinct flora and fauna.

In 1881, Charles Chilton caused quite a stir in
the international scientific community when he
reported the presence of a diverse assemblage
of large animals (mainly Crustacea, up to 25 mm
long) in alluvial aquifers in various parts of
Canterbury.

Since then, there have been
several forays into the
ecology and taxonomy of our
groundwater invertebrates,
including nationwide
surveys by Willy Kuschel
(DSIR Entomology
Division) in the early 1970s,
and work by Lester Sinton
(Ministry of Works
Hydrology Centre) and
Graham Fenwick (University
of Canterbury) in Canterbury

in the mid 1980s. Lester Sinton and others (ESR)
continue work on bacteria and viruses in
groundwaters and the Department of
Conservation is currently investigating the fauna
of karst systems.

Effective management of a resource such as
groundwater depends on a good understanding
of its ecology. Unfortunately, despite extensive

use of groundwaters, our knowledge of these
ecosystems lags far behind that of surface waters,
terrestrial systems and our surrounding seas.

A four-year project – within a larger FRST-
funded research programme “Biodiversity of
New Zealand Freshwater Organisms” (1998–
2002) – is building on the early work of Chilton,
Kuschel and Sinton, to fill some of the gaps in
our knowledge of groundwater ecosystems. The
project’s key objectives are to put names to the
many species new to science that exist in phreatic
(subsurface) habitats, and begin to understand
their patterns of distribution and abundance,
particularly in relation to groundwater quality.

Biodiversity:  what do we have?
In the first two years of the project our efforts
have focused on summarising existing
information and building a base for future
taxonomic work. A catalogue of the freshwater
and groundwater amphipods of New Zealand has
been produced, and one group of groundwater
amphipods (Paracrangonyx spp.), including a
new species, has been re-described.

We have also retrieved a very important set of
specimens collected by Willy Kuschel, lost for
over 20 years after being sent overseas for study.
This valuable collection will significantly boost
our efforts, because it contains specimens from
around the country.

At the end of the four-year project, an illustrated
guide to the more common groundwater animals
of New Zealand will be produced. It is hoped that
once people have access to such a resource, they
will begin to ask questions about local
groundwater ecosystems and consider the intrinsic
value and high sensitivity of these self-sustaining,
living systems, rather than how much water can
be sucked out!

Ecology: what lives where and why?
Groundwaters are in permanent darkness, have a
lower diversity of habitat types and have a far
more uniform environment (e.g., temperature)
than surface waters. Organisms living in
groundwaters need special adaptations to survive.
For example, many phreatic organisms have long,
thin, worm-like body shapes. They usually lack
eyes and body pigments, whereas other sensory
organs (e.g., antennae) can be highly developed
(see illustration, left).

Groundwater organisms are generally tolerant of
lower dissolved oxygen concentrations, but many
are confined to relatively shallow aquifers where
the chemical conditions are more suitable.

Food supply can also be a problem. Groundwater
ecosystems rely on external sources of carbon
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Groundwaters have
their own unique and
specialised animal
inhabitants, but we
know surprisingly
little about them.

Paracrangonyx compactus,
one of the more common
amphipods found in wells
around Canterbury. It has been
recorded from depths of up to
58 m. It was originally described
by Chilton in 1882, but a re-
description has just been
completed (see Fenwick in press).
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THE TAXONOMY of most crustaceans – and groundwater
amphipods in particular – is all about legs and other appendages.
The problem is that many groundwater pumping devices are too
rough, damaging the animals and making detailed taxonomic work
nearly impossible. Several groundwater species are known only
from a few fragments. Having taxonomic work as a major focus of
our study, we needed a groundwater pump that was gentle enough to
provide undamaged specimens, but with enough suction to provide a
valid sampling method for ecological components of our work. We
also needed a pump that would work as deep as 30 m below ground.
Surface-mounted pumps cannot suck water from depths of more
than 8 m, so we needed a pump that could push water up from
below.

We designed a submersible pump built around a pneumatic cylinder
supplied with compressed air (dive
tank or compressor). The pneumatic
cylinder works like a reversed bicycle
pump to push water up past a non-
return valve (see diagram). Trials
showed little drop off in pumping rate
with increased depth, even at water
levels of nearly 20 m below ground.
The pump’s advantages are that it
produces undamaged specimens, is
relatively cheap, provides water
samples uncontaminated by air (critical
for measurement of dissolved oxygen),
and produces a very strong, pulsed
suction. The major disadvantage is that
it pumps water at a rate of
approximately 0.25 m3 per hour, which
is significantly lower than that of other
commonly used submersible pumps.

Further reading
Sinton, L.W. 1984. The macroinvertebrates in a sewage-
polluted aquifer. Hydrobiologia 119 : 161–169.
Fenwick, G. in press. Paracrangonyx (Stebbing 1899). A
genus of New Zealand subterranean amphipods
(Crustacea: Amphipoda: Gammaridea). Journal of the Royal
Society of New Zealand.

WANTED: A gentle sucker for sampling groundwater invertebrates

The pump produces a pulsed suction equivalent to greater than
1 m/s for short periods (around 1 s). Pump vessel volume is 550
ml and the water inlet holes total 4 cm2. Each fill stroke takes less
than a second and suction velocities of around 1.4 m/s are
achievable. Of course these velocities drop off exponentially with
increasing distance from the pump, but the pump has the
advantage of also producing high velocities with each fill stroke,
as water that had entered the lower chamber during the previous
empty stroke is ejected back into the well.

In February 1999, we trialled the Radford pump at a number of
wells near Templeton. We compared the sampling efficiency of the
new pump against that of a Grundfos MP1 centrifugal pump (a type
used by many regional councils for sampling groundwater) and a
dipnet (of the type previously used by Graham Fenwick and Lester

Sinton). The Radford pump
performed well, delivering both
small animals and larger amphipods
and isopods with little damage. In
contrast, the Grundfos pump
delivered whole small animals
(mites and copepods), but larger
animals were delivered as
collections of appendages and
fragments. The dipnet and Radford
pump produced similar assemblages,
but the dipnet only collected animals
already in the well, whereas the
Radford pump collected animals and
water from the surrounding aquifer.

Diagram of Radford pneumatic pump
during suck (left) and pump (right)
cycles.

Total invertebrate numbers
(yellow bars) in three wells
near Burnham, Canterbury on
10 May 2000. Note that the y-
axis on the left is a log scale.
Samples consisted of 250 litres
of water collected using the
Radford pump. Electrical
conductivity (black squares) in
each well is also given. The
three sites were situated
upstream and at two distances
downstream of a treated-sewage
land disposal site.

(e.g., leaching from
soils, or recharge from
streams and rivers), so
that shallow aquifers
are usually more
productive than deeper
ones. Several studies
have shown that
increased loading of
organic material in

groundwaters (e.g. below sites of land-based
sewage disposal) commonly increases
invertebrate densities (see figure above).
However, there is also evidence that too much
organic material can dramatically reduce
invertebrate populations (Sinton 1984).

In February 2000, we began a seasonal sampling
programme. Wells in Hawkes Bay and
Canterbury were sampled in late summer and late
autumn. On each occasion, 250 litres of water
were collected from each well using the specially
developed Radford pump (see panel above).

Dissolved oxygen, pH, electrical conductivity,
temperature and total organic carbon were also
measured. As well as providing specimens for
taxonomic investigations, this study will give
us some idea of the biodiversity of organisms
in two of New Zealand’s most groundwater-
rich regions. Preliminary results suggest that
invertebrate abundance can be very high in
some wells (see figure, left) but, in general,
numbers are low: much less than 100
individuals per 250 litres. ■

Mike Scarsbrook and John Radford are based at
NIWA in Hamilton, Graham Fenwick is at
NIWA in Christchurch.
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