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Distribution and reproductive strategies of Macrobrachium prawns
(Decapoda, Caridea, Palaemonidae) in the Fly River system, Papua

New Guinea, with observations on possible mining impacts

A. \M Storey, C. D. Tenakanai, K. A. Bakowa, A. Y. Maie, S. Swales and J. \fl Short

Introduction

-\e Fly River, Papua New Guinea is one of the
:*orldt larger rivers. It rises at approximately 4,000

m a.s.l. in the karst Star Mountains and flows 1,200
km to the Gulf of Papua. Mean annual discharge is

6,000 mt s', making it equivalent in size to the
Danube, Niger or Zambesi (\(Er-cot'llr'ln 1985).
However, with a catchment area of only 76,000 km'
the F1y outranks all the worldk major rivers in terms
of run-off per unit catchment area. The Fly fuver has
an extensive, seasonally inundated floodplain; the
river port, Kiunga, is 800 km from the Gulf, but
only 20 m a...1.

The Ok Tedi copper and gold mine, one oF the
world's largest producers of copper concentrate, is

located on the headwaters of a major tributary of the
Fly River, the Ok Tedi ('ok in the locai Yongom lan-
guage means river). The mine commenced opera-
tions in l9B4 and is due to close in 2010. Initially
the mine used cyanide extraction to recover gold, but
in 1987-1988 the gold circuit was phased-out and
replaced by a copper flotation circuit. Currently the
mine produces approximately 95 million tonnes per
"nnum (mta) of waste (40 mta waste rock, 30 mta

1-,,ilings and 25 mta valley wall erosion from the
waste rock dumps). The area where the mine is situ-
ated receives 10 m annual rainfall, is seismically
active and is geologically unstable. Because of these
conditions, the construction of conventional waste
rock and tailings storage facilities was not possible
and waste material is discharged directly into the
headwaters of the Ok Tedi. As a result, levels of total
suspended sediment (TSS), dissolved and particulate
copper (dCu and pCu) are all elevated above pre-
mine concentrations throughout the Ok Tedi and
the Middle Fly tuver (Swar-ns et al. 1998).

Arr extensive biological monitoring program has
detected a loss of some fish species from the main
Ok Tedi channel, and significant declines in fish
catch biomass in the Ok Tedi and middle reaches of

the Fly River (Srr,rrru et al. 1990, Surru & Honrln
1991, Swarss et al. 1998, 2000). Similarly, benthic
invertebrates in the upper Ok Tedi declined in abun-
dance soon after the mine commenced operations
(Sror.rv & Marp 1993). Numbers of Macrobracltium
prawns in the Ok Tedi were reduced during the gold
operating phase, most likely as a result of cyanide
toxicity, but with subsequent recovery in numbers
once the copper flotation circuit commenced (Sr,aIrn

& Monars 1992). These changes in prawn numbers
highlighted the potential for the mine to adversely
affect Macrobrachium prawn populations in the F1y

River system.

River prawns of the gems Macrobrachium,
together with mayfly larvae of the gews Pletltogene-
sZ constitute approximately 800/o of the biomass of
the macroinvertebrate fauna of the main channel of
the Fly fuver (Sroruv & Ir4q-rs 1993). The largest
species of prawn, M. rosenbergii (os MaN 1879) is an
important a-rtisanal resource utilised by people living
along the river system and studies have indicated
that Macrobrachium prawns are an important com-
ponent of the diet of several fish species (e.g. Lates

calcarifer Pristis microdon, Cochlefelis sparula, C.

danie ls i, D atnio ide s quadrfas ciatus, Ni b e a s emifas ci-
ata, Lutjanus spp., Arius spp. and others) (Ronnrrs
1978, Ktnr 1991, OTML 1986). Therefore, impacts
on prawn populations could (a) influence popula-
tions ofspecies offish dependent on the prawns, by
reducing a food source, and (b) reduce the subsis-
tence diet of local villagers. Therefore, a monitoring
program was initiated in 1993 to determine the spe-
cies of Macrobrachium prawn present and to assess

the status of populations throughout the length of
the river system.

Identifying species of Macrobrachium is a notori-
ously difficult task due to the high level ofdevelop-
mental variation, sexual dimorphism and the
restricted number of morphological features avail-
able for species discrimination. Knowledge of the
New Guinea fauna is also limited at present, particu-

0368-07 7 0 I 00 I 0027 -0993 $ 2.50
O2000 E. Schrveizerbart'sche Verlagsbuchhandlung, D-701 76 Stuttgart



994 Biology of invertebrates

larly species occurring in rhe Fly River region.
Holrnurs (1982) considered that there were at-least
1B species occurring in New Guinea. The real num-
ber is more likely around 25 species, based on addi-
tional unreported material in the Nationaal Nat-
uurhistorisch Museum, Leiden (C. FnrNssN personal
communicarion), and Queensland Museum (Snonr
unpublished data). RonnnrsoN (1983) discussed the
life history of three species in the Sepik River in
some detail, uiz. M. rosenbergii, M. mammillot/actylus
(Tuar-r-wrrz 1892) and M. taeberi (Dr It4cN 1892).
These three species also occur in the main Fly River
channel. There is little other published information
on the life history aspects of Macrobrachium occu-
ring in the Fly River region.

The following account of the distribution patterns
and reproductive strategies shown by Macro bmc/tium
in the main FIy River channel, although based on
the results of a 2-year sampling progiam, is still
somewhat preliminary and incomplite. Nonetheless,
we feel it represents a dramatic improvement on
what was previously known of the Macrobrachium
fauna of the region and a good foundation for future
research.

Methods

Nine sites along the length of the main channel of
the river were sampled (Fig. 1). This provided three
control sites - Palmer fuver (PAR01), Drimdenasuk
(FLY02) and Strickland River (STR01) - and six
sites progressively downstream of the mine - Middle
Ok Tedi (TED20), Lower Ok Tedi (TED35), Kua-
mbit (FLY10), Obo (FLY15), Og*a (FLY20) and
Sturt Island (FLY36). Palmer fuver was seiected as a
control for the lower Ok Tedi, and Drimdenasuk as
a control for Kuambit. All sites were sampled every 3
months, with the exception of TED20, which was
sampled every 6 monrhs. Sampling commenced in
October 1993 and is ongoing. All data collected up
to September 1995 are reported here.

Sampling was conducted using rectangular funnel
traps (100 cm by 40 cm by 40 cm with a funnel at
each end with a 1 O-cm cylindrical exrension inverted
into the trap) covered with 3-mm apemure stainless
steel mesh (Sronrv & lr4-A.rn 1993). Ar each site, five
replicate rraps were set for 24 h and cleared every 3
h. Traps were posirioned along the river bank'at
approximately 10- to 20-m intervals and at depths of
1.5-2.0 m and baited with dead catfish. Tiaps were
numbered in sequence downrrream and ciptured
prawns were bagged and labelled according 1o the
trap number and check time, frozen and returned to
the laboratory for processing. In the laboratory, the
prawns were identified to species, measured to the
nearest millimetre (post-orbital carapace length)

Fig. 1. The Fly River sysrem, Papua New Guinea,
indicating locations of sampling siies.

using vernier callipers, and weighed (wet weight) to
the.n-earest milligram. The number of eggs on ber-
ried females was recorded.

Longitudinal changes in the number and biomass
ofall species combined and ofeach species separately
were plotted. Possible mine effects were inveltigateci
using rwo-way ANOVAs applied to data from th-
four upper Fly/Ok Tedi sites nearesr ro the min..
sites PAR01 and FLY02 coded as 'control' and sites
FLY10 and TED35 coded as 'downsrream'. Because
of logistical constraints, sites were not always sam-
pled every quarter, resuiting in an unbalanced data
set. Therefore, a 12-month period in which all four
sites were sampled (Ql-Qa; March 7994 to Febru-
ary 1995) wa: selected ro allo* sparial and remporal
analysis oF changes in numbers and weight oF-each
species of prawn ar the four sites. Prior io analysis,
numbers and biomass of prawns were log(x r I ) rrans-
Formed ro achieve normal disrriburions and
homoscedasticity in the majority of cells. Tirkey's
multiple. range resrs were applied to distinguish
berween levels of the mdn facior where a significant
difference was found.
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Results

A total of six species of Macrobrachium were
identified during the course of this study. How-
ever, based on previous knowledge of the biol-
ogy of one of these species, M. equidens (DaNa
1852), and the difficulty of accurately identifi,-
ing young male and female material, the
upstream records (above Obo) of this species
must be considered somewhar dubious. This
upstream material may prove to be an addi-
tional species or mis-identifications of M. mam-
millodactylus and will be re-examined by one of
the authors (J.S.) in the near future. Another of
the six species recorded during the study, M.
lorentzi (Ror,x 1921) is in part, an undescribed

vpecies, based on material identified byJ.S. For
the purpose of this report previous identifica-
tions have been treated as the M. sp. nov.lM.
lorentzi complex.

A-ll of the siy species were present at four sites
(FLY10, FLYl5, FLY20 and STR01) (Fig. z).
The minimum number of species at a sire was
two, recorded from the middle Ok Tedi
(TED2o).

Species composition, based on mean abun-
dance ofeach species at each site over the dura-
tion of sampling (1993-1995) demonsrrated
longitudinal changes in composition (Fig. 3).
The upper Fly River was dominated numeri-
cally by the M. sp. nov./M. lorentzi complex,.
however, M. handschini (Roux 1933) and M.
weberi also were common. Four species were
recorded from PAR01 and TED35 (M. rosen-

bergii, M. sp. nov.lM. lorentzi, M. ueberi and
M. handschinz), and only two fromTED2} (M.
sp. nov./M. lorentzi complex and M. rosen-
bergii). Middle Fly and the Strickland River
sites contained a relatively diverse fauna, with
no single species dominating across all sites
(with the exceprion of the M. tp. nov./M.
lorentzi complex at FLY10). Four raxa were
recorded from FLY36, dominated by M.
equidens and M. mammillodac4tlus.

Generally, M. rosenbergii, M. handschini, and
M. tueberi were recorded from all sites, the M.
sp. nov./M. lorentzi complex from upper catch-
ment sites (although it did occur in low num-
bers in the Strickland and middle Fly), and M.
mammillodactylws and M. equidens at Middle
and Lower Fly River srtes. M. equidens, in par-
ticular, was only caught in iarge numbers at the
most downstream site (Fig. 4).

Two-way analysis of variance derecred signifi-
cantly greater numbers of prawns at sites down-
stream of the mine (TED35 and FLY10) than
at control sites (PAR01 and FLY02), although
biomass was not different. This may be inter-
preted as a greater number of smaller prawns at
sites immediately downstream of the mine. Sea-
sonally, more prawns were caught in Ql
(March-May), than in Q2 (June-August),
although this was nor consisrent between con-
trol and downstream sites, as demonstrated by
the significant interaction (Thble 1). Analyses
by individual species detected significantly
greater numbers of M. rosenbergii and M. tp.
nov./M. lorentzi complex at downstream com-
pared to control sites. There was also a signifi-
cantly greater biomass of the M. sp. nov./M.
lorentzi complex at downstream sites, however,
M. uteberi showed the reverse, with a grearer
biomass at control compared to downstream
sites (Thble 1). All species had significant
benveen-quarter differences in numbers and/or
biomass. However, there was no consistent pat-
tern ofany quarter being consistently higher or
Iower (Thble 1).

Discussion

The increased abundance olt prawns at mine-
affected iocations may relate to a reduction in
predatory pressure. There have been significant
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Fig. 2. Number of species of Mauobrachium prawn
recorded at each site over the duration of sampling
(1993-1995) (shaded bars = control sites; open
bars = sites downsrream of the mine).



996 Biology of invertebrates
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Fig. 3. Composition of Macrobracbium prawn assemblages at each site, presenting percenrage composition
based on mean abundance ofeach species at each site over the duration ofsampling (1993-1995).

IM.rosenbergii
g M.equitlens

reductions in the biomass (and numbers) of fish
in the Ok Tedi and Middle Fly (87% and 650/o,

respectively; Sveres et al. 1998). This includes
reductions in species that prey on Macrobrach-
ium (e.g. Lates calcarifer Cochlefelis spatula,
Thryssa scratchleyi, Arius augwstus). These losses

are likely due to a combination of increased
concentrations of dCu, pCu and TSS and loss

of habitat due to aggradation of the river bed
(up to 6 m and 3 m aggradation in the Ok Tedi
and Middle FIy, respectively). Reduced preda-
tory pressure would allow the abundance of
prawn species to re-adjust to higher levels. The
higher TSS load in the river may also favour
prawns by reducing the feeding efficiency of
visual predators, although, because ofthe natu-
rally high sediment loads, many native fish feed
by chemo-mechanico-tactile methods as opp-
osed to direct visual feeding.

Not all species increased downstream of the
mine. M. weberi decreased in abundance at sites

close to the mine (Ok Tedi and Kuambit) and

tr nt. sp. nov I lL lnrentzi
E l\r.weheri

this may reflect a lower level of tolerance by this
species to mine-effects (i.e. increased dCu, pCu
or TSS concentrations or loss of habitat due to
river bed aggradation). From the analyses it
would appear that some species benefit to a

greater extent than others from mine-related
changes in the river. This may relate to the life
histories of the prawn species and to the feeding
preferences of the fish species. Generally, more
information is required on the individual needs--
of each species of Marobrachium prawn to fully
interpret the implications of these analyses.

IVLqcaLuA-Es & \far-rsn (1988) discussed gen-
eral life history strategies io Maoobrachium
prawns, relating the extent of larval metamor-
phosis to number, size and yolk content of the
eggs, and discussed how different strategies
related to the distribution ofspecies in river sys-

tems. PnnstRa (unpublished data; cited Mecer--
uArs &'Werru,n 1988) differentiated three main
groups of Maoobrachium from Venezuela: spe-
cies with complete metamorphosis (i.e. lengthy
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Fig. 4. Benveen-site differences in mean numbers (so1id line) and mean weight (open columns) (g wet wt) of
each species of Macrobrachium prawn.

M. sp. nov / M. lorentzi

M. mammillodactylus
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Table 1. Two-wayANOVA and Tirkeyt Multiple Range tests for beween-site (control (C)/downstream (D),
df = 1) and between-time period (Q1-Q4, df = 3) differences in (a) numbers and (b) biomass of Marobrach-
ium prawn species. Periods not significantly different at o < 0.05 are underlined by a common line. Periods
are in descending order (ns, not significant; *P<0.05, **P < 0.01, ***P < 0.001).

Effect F P Tirkeyt Test

All prawn species (a)

M. rosenbergii

M. handschini

M. sp. r,ov. I
M. lorentzi

M. equidens (a)

M. uteberi

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

Site

Time

Site x Time

10.90

2.92

3.54

5.78

6.53

Q1 Q3 Q4

C

Q2

Q2

a2

Q4

Q4

Q4

Q4

Q2

a2

Q3

D

Q3

Q3

Q3

Q1

Q1

Q1

Q1

Qr

(b)

(")

(b)

(^)

(b)

(")

4.45 **

0.81 ns

3.20 *

3.39 x

1.54 ns

7.47 **t

ns

ns

ns

ns

ns

ns

Q4

C

Q2

t.37

0.21

13.89

1.50

0.53

13.41

5.37

35.60

5.91

8.89

9.47

13.23

13.1 I

2.96

4. />

r.93

t.02

3.59

1.31

3.94

2.62

0.76

5.05

2.97

0.22

Q3

D

Q1

>C
Q3 Q4

Q4

D

Q3Q1

o)

Q1Q3Q2

Q4Q1a2Q3

C

Q2

Q4

(b)

C

Q3Q1 Q4

D

Q2
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larval development including a number of free-
swimming 'zoeal' stages) dependent on marine
influence, species with more or less complete
metamorphosis (the number of larval stages and
duration of larval development may be reduced
to some extent) which extend from coastal
regions to sediment-rich inland waters, and spe-
cies with low fecundiry and abbreviated devel-
opment occurring exclusively in inland waters.
Based on the biology and reproductive strare-
gies of Australian species (Suonr unpublished
data) and distributional data from this study,
the three groups identified by Pereira may be
expanded to five groups to more fully explain

e range of distributional patterns shown by
-r-tacrobrachium in southern New Guinea (and
Australia):

1. Euryhaline, estuarine/marine species often
extending upstream as far as the limit of
ddal influence and with lengthy estuarine/
marine larval developmenr (equivalent to
Pereirat first group).
The only representative of this category
from the Fly River system is M. equidens.

Although not recorded from the Sepik fuver
by RosrnrsoN (1983), M. equiclens is
known from both southern and northern
New Guinea, and is wide-ranging in the
Central Indo-\7est Pacific (NB M equidens
aiso has been regularly taken from the estu-
aries of the FIy and neighbouring Bamu
fuvers during routine monitoring in these
estuaries (OTML unpublished data)).
DpNNp (1968; cited A-sEr-r k Bruw 1977)

- 
described M. equidens as a brackish water
species that may survive salinities of
240o/oo. Along the northern coast of Aus-
tralia it sometimes occurs upstream as far as

the limit of tidal influence, which may be
fresh water (Snonr unpublished data). On
the east coast of Australia it is more typically
restricted to higher salinity estuarine warers,
with M. nouaehollandiae (lE MeN 1908)
occurring upstream to rhe limit of tidal
influence. Ovigerous females are sometimes
collected in inshore marine areas (SHorr
unpublished data).
During this study M. equidens was most
abundant at Sturt Island (FLY36), which is

tidal but fresh, and was otherwise recorded
at very low numbers at upstream freshwater
sites. However, there is some doubt that
records upstream of Obo are this species,
based on present knowledge of the biology
of M. equidens. Young males and females are
easily confused with other species such as

M. mammillodactylus and M. idae (Hzrrrx
1862), which are more likely to be collected
in non-tidal fresh waters. It is planned that
this 'M. equidens' material from the
upstream sites will be re-examined to check
its identity.

Euryhaline species with limited upsrream
dispersal into non-tidal, fresh waters as

adults and lengthy estuarine/marine larval
development (largely equivalenr to Pereira's
second group). Typically, members of this
group are most abundant as adults in low
salinity tidal waters (.2 ppt) and the lower
freshwater reaches.

M. mammillodactylus was the only example
found during this study. This species has a

wide distribution in the Central Indo-\7est
Pacific from the Philippines to Indonesia
and New Guinea. It was common from
Obo (400 km from the mouth of the river)
downstream and has been regularly taken
from the estuaries of the Fly and neighbour-
ing Bamu fuvers during routine moniroring
(OTML unpublished data). In the Sepik it
occurred mainly in the middle system, with
the major spawning ground approximately
250 km from the estuary (RoslnrsoN
1983). At this stage, there are no fecundity
data for M. rnammillodact/us in the Fly
fuver.

Euryhaline species utilising the entire river
system from lower estuary to upper catch-
ment (similar to Pereirat second group but
representatives extend further upstream into
nutrient-poor waters). Characteristically,
these species have very high fecundiry
lengthy estuarine/marine larval develop-
ment and well-developed upstream dispersal
behaviour as juveniles or adults. Adult
females may be catadromous (migrate to the
estuary to spawn) or rely on river flow to
transport larvae down to the estuary.

2.

3.



I 000 Biology of invertebrates

Two examples were identified during this
study from the Fly River system, viz. M.
rosenbergii and M. weberi. M. rosenbergii has
a wide distribution in the Cenual
Indo-\7est Pacific from Pakistan to Thiwan,
Palau, New Guinea and Australia, whereas
M. weberi is restricted to easrern Indonesia,
New Guinea and New Ireland.
Although there has been considerable
research on the life history of M. rosenbergii,
most of this work has been on rhe Malay-
sian race (LINc 1969, FulrtruRe & Oxe-
Moro 1972, Gooorxru & HaNsoN 1975,
HeNsoN & GooovzrN 1977, Nsw 1982,
New & SrNcuolxa 1985). Significant sub-
specific variation in morphology, life his-
tory, genetics and behaviour has been docu-
mented between populations east and west
of \Wallacet line (JouNsoN 1973, Rosrnr-
soN 1983, LrNoeNptrsr,n l9B4). A study of
the Australian Maoobrachium fauna (Suonr
unpublished data) has also revealed signifi-
cant racial variation berween northwest and
northeast Australian populations.
High fecundiry appears rypical of the spe-
cies. LtNc & MrnrceN (1961) recorded
fecundity of up to 150,000 eggs per brood.
Ronr,RrsoN (1983) recorded 89,471 eggs
from an individual from the Sepik fuver,
northern Papua New Guinea. One fecund
female has been recorded from the FIy River
with an estimated 22,743 eggs.

Annual breeding migrations from freshwa-
ter to estuarine areas to spawn have also
been observed by a number of workers (Rao
1967, Geoncr 1969, RonrnrsoN 1983).
RosrRrsoN (1983) noted that significant
numbers of gravid females remain in the
Iower Sepik River, spawning approximately
90 km from the estuary. He presumed that
these females released their eggs to be car-
ried down to the estuarv. He also esrimared
from the water velociry at the time (0.35 ml
s) that it would take approximately 3-4 days
for these larvae to reach the estuary and that
this was within the length of time larvae
could survive in fresh water (4-5 days).

It is very likely that similar strategies are
employed in the FIy fuver by M. rosenbergii;

active migration to the estuary by gravid
females from the lower river and release of
eggs into the stream flow in the middle and
upper reaches. M. rosenbergii were recorded
from the most upsrream locations (PAR0I
and FLY02) which are >800 km from the
estuary. Similarly, RosERrsoN (1983; Lrv-
ERSEDGE personal communication) men-
tioned gravid females obseryed in the upper
Sepik at a distance of 600 km from the sea.

It is unlikely in both these cases that eggs
released by gravid females would survive the
journey to the estuary, e.g. larvae hatched
from eggs released at Kiunga would take
11.5 days to reach rhe river mourh (848 k
@ 0.84 m/s (averaged river velociry berwe..-
Kiunga and Obo for 7992193, OTML
unpublished data)). Assuming larvae survive
for 5 days in fresh water (RonenrsoN 1983),
and a mean velocity of 0.84 m/s in the lower
river (OTML unpublished data), larvae
released upstream of the Strickland/Fly
fuver junction would nor reach the estuary
in time. Presumably, numbers of M. rosen-
bergii at sites upstream of Obo would be
replenished by the continual upstream
migration of returning juveniles.
Similarly, M. weberi either migrare ro rhe
estuary to spawn or release eggs into the
drift. RosrnrsoN (1983) recordedM. ueberi
as most abundant in the lower Sepik and
surmised that larvae released approximately
25 km upstream of the estuary would be
quickly washed down to the estuary. Mean
fecundiry for M. weberi in the Fly River ir

762 (n = tt).
4. Freshwater species with broad habitat

requirements utilising a large part of the
river system from the upsrream limit of tidal
influence to the upper catchment (this pat-
tern was not found by Pereira among Vene-
zuelan species). Larval development is at
least partially abbreviated and fecundiry var-
ies from low to moderately high.
Of the Fly fuver species studied, M. hands-
chini and possibly M. lorentzi fall into this
group. M. handschini is found in southern'
New Guinea and norrhern Australia
whereas M. lorentzi appears to be restricted
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to southern New Guinea. The former spe-
cies was common at all sites except TED20
and FLY36. There are presently no fecun-
dity data for M. handschini from this study.
Although the life cycle has not been studied
in detail, the large eggs and limited brood
size in northern Australian populations sug-
gest that it has abbreviated larval develop-
ment (maximum recorded egg length 1.6
mm; SuoRr unpublished data). The life
cycle of M. lorentzi is also unstudied but the
eggs are moderately large (1.2 mm maxi-
mum length) and numerous (Holrnuts
1984).

5. Freshwater species preferring upper catch-
ment areas (largely equivalent to Pereira's
third category). Abbreviated larval develop-
ment and low fecundity are rypical of this
group. Representative species may be closely
associated with specific flow regimes/sub-
strate types, water physico-chemistry or iso-
Iated refugial topography (e.g. above a

major physical barrier such as a large water-
f"ll).
Although nothing is known of the fecundiry
or reproductive biology of the undescribed
species confused with M. lorentzi during
this study, it is possible from its apparently
limited distribution that it belongs to this
group. As sampling sites did not include the
smaller, faster-flowing montane tributaries,
other species representative of this category
may be discovered with further collecting.
In the lVissel Lakes region of southern Irian
Jaya, M. ndtulorum (Holruurs 1984), is a

- good example of a freshwater, upper catch-
ment species.

A diverse array of distribution patterns and
reproductive strategies are therefore shown by
Macrobrachium in the main Fly River channel.
Although these data originate from a limited
number of sites, sampled infrequently over a

relatively short time period, this study provides
a good foundation for future research. In the
short term, further studies should concentrate
on taxonomy, confirming the identification of
species with apparent aberrant distributions
(r.g. M. equiden), and resolving rhe M. sp.
nov./M. lorentzi complex. In the longer term,

information on the biology and ecology of each
species will assist in confirming these life his-
tory strategies and in further interpreting
changes in distribution in relation to mine
impacts.
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