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Abstract The effects of New Zealand freshwater
crayfish or koura (Paranephrops planifrons:
Parastacidae) on organic matter processing,
sediment accumulation, and benthic invertebrate
communities were investigated using four replicate
treatments of 0 (control), 4-5 (medium), and 8-11
(high) similar-sized koura in 0.5 m2 artificial stream
channels colonised by benthic invertebrates from a
pasture stream, Waikato, New Zealand. Wineberry
(Aristotelia serrata) leaf packs were placed in each
channel and after 7 weeks the leaf matter remaining
was significantly lower in both medium and high
koura channels than in controls. The amount of
sediment (surficial cover by fines and weight of
suspendable sediment) was also significantly
reduced in high koura density channels. Densities
of invertebrates other than crayfish were not
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significantly different among treatments; however,
taxa richness and invertebrate biomass were
significantly lower in high koura channels than in
controls. Our results suggest that freshwater koura
may play a keystone role in structuring benthic
invertebrate communities either directly through
predation, or indirectly by sediment bioturbation
and increasing organic matter processing rates.
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INTRODUCTION

Many studies have shown that crayfish can
dominate the invertebrate biomass of streams, are
typically long-lived, and can play a key role in
determining the trophic structure of the invertebrate
community (Momot et al. 1978; Rabeni et al. 1995).
Rabeni et al. (1995) found that two species of
crayfish (Orconectes spp.: Cambarinae) consumed
as much or more animal matter, algae, and detritus
per year as all other benthic invertebrates in two
Missouri streams. Crayfish can be significant
detritivores (Webster & Patten 1979; Lugthart &
Wallace 1992) and play an important role in
processing leaf litter that is subsequently utilised
by other stream invertebrates (Huryn & Wallace
1987).

In lakes, crayfish have been found to
significantly reduce the abundance of macrophytes
(Abrahamsson 1966; Coffey & Clayton 1988;
Nystrom & Strand 1996), however they may also
enhance macrophyte growth by selectively feeding
on herbivorous molluscs (Chambers et al. 1990;
Hanson et al. 1990). Similarly, Matthews &
Reynolds (1992) documented increases in new
growth of dominant macrophytes as well as
planorbid snails, most other snails (including
Potamopyrgus sp.), Crustacea (predominantly
Gammarus and Asellus spp.), and total invertebrate
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numbers in two Irish lakes after crayfish had been
eliminated.

Crayfish are active foragers (Momot 1995) and
their activity has the potential to cause significant
bioturbation of benthic sediments (Whitmore 1997).
In this way they may act as "ecosystem engineers",
regulating the supply of resources to other species
by causing physical changes to their environment
(Jones et al. 1994). The importance of bioturbation
by marine organisms has long been recognised
(Fager 1964; Heinzelmann & Wallisch 1991), and
more recently, the role of stream invertebrates in
facilitating sediment erosion has been demonstrated
(e.g., shrimp, Pringle et al. (1993); stoneflies,
Statzner et al. (1996) and Zanetell & Peckarsky
(1996)).

Recent work has suggested that freshwater
crayfish can act as "keystone species" (sensu Paine
1969; Krebs 1994), that is one which has a
dominating influence on community structure.
Momot (1995) proposed that crayfish act as a
keystone species primarily through predation, yet
their role as carnivores and modifiers of community
structure has not been widely investigated. Creed
(1994) found that large crayfish played a keystone
role in deep water habitats of streams by excluding
the filamentous alga Cladophora and facilitating
the growth of epilithic diatoms and the sessile
invertebrates that consumed those diatoms.

In New Zealand we know surprisingly little
about the role of freshwater crayfish or koura
(Paranephrops zealandicus and P. planifrons
(Parastacidae)) in stream invertebrate communities,
partly because they remain hidden during the day
and are often missed by conventional stream
invertebrate sampling techniques (Jones 1985;
Collier et al. 1997). Whitmore (1997) found that
juvenile P. zealandicus are predominantly
carnivorous and that they become more
detritivorous as they grow larger and older. This
ontogenetic shift has been found for many other
crayfish species (Goddard 1988; Whitledge &
Rabeni unpubl. data) and preliminary gut analysis
on Pplanifrons has shown similar results (Collier
et al. 1997). Whitmore (1997) noted that silt
accumulation was reduced in stream enclosures
containing P. zealandicus indicating they play a role
in bioturbation, and suggested that this process
mediated impacts on other benthic invertebrates. It
has been estimated that P. zealandicus can live for
more than 16 years and reach densities of 3-4 m~2

in riffles and 4—12 m""2 in pools of some Otago
streams (Whitmore 1997). P. planifrons is thought

to live for 4 years in streams (Hopkins 1967) and
densities of up to 5 m~~2 have been estimated in some
Waikato stream reaches (Hicks & McCaughan
1997; Rabeni et al. 1997) although localised
densities can be much higher (SMP pers. obs.). To
determine whether P. planifrons has the potential
to affect stream processes and the structure of
benthic invertebrate communities, we investigated
the effects of different densities of koura on
sediment accumulation, organic matter processing,
and density, biomass, and taxa richness of benthic
invertebrates colonising artificial stream channels
alongside a pasture stream.

METHOD

Experimental set-up
Paranephrops planifrons with carapace lengths*
(CL) of 10-15 mm were collected from
Kaniwhaniwha Stream (NZMS 260 S15 63648) and
Mangaotama Stream (S14 63789), Waikato, New
Zealand, on 24 and 25 January 1996 using a
backpack electrofishing machine. Freshwater koura
of this size range were chosen as our preliminary
gut analysis had shown that their diet consisted of
both invertebrates and leaf matter. Koura were
maintained in the laboratory in 8°C oxygenated
streamwater in the dark and fed periodically on dog
biscuits (Tux®) until the start of the experiment on
2 February 1996.

Koura density manipulations were conducted
in 12 artificial stream channels constructed with
steel guttering (0.2 x 2.4 m) which received a
continuous flow of water directed from a nearby
pasture stream with mean (± SD) annual
conductivity 96 ± 9 .̂S cm""1, pH 7.2 ± 0.3, and
alkalinity 16.9 + 6 mg CaCC- litre"1 (NIWAunpubl.
data), on the AgResearch Whatawhata Research
Centre. The channels contained gravel substrate
(mean depth = 2 cm) and were colonised by benthic
invertebrates introduced from the stream. Surber
samples (0.02 m2) taken from each channel before
the introduction of koura indicated a similar relative
abundance of fauna had established in all channels.
The slopes of the channels were adjusted to
maximise water depth (mean = 5 cm) while still
maintaining flow (average channel velocity
< 0.1ms-1).

^Measured with vernier calipers to the nearest mm from
the back of the eye socket to the mid-dorsal posterior
edge of the carapace (after Hopkins 1967).


