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BENTHIC FAUNAS OF FORESTED STREAMS AND
SUGGESTIONS FOR THEIR MANAGEMENT

J. S. ROUNICK and M. J. WINTERBOURN

Zoology Department, University of Canterbury, Christchurch 1, New Zealand

SUMMARY: The influence of physical factors and forest type on the distribution of benthic
invertebrates in 43 New Zealand streams was investigated using a systematic survey technique.
A small nucleus of common taxa was numerically dominant at most sites regardless of forest
type. The mayfly, Deleatidium was found at 42 of the sites and was the most abundant taxon
at 27. Other widely distributed genera were Nesameletus, Coloburiscus (Ephemeroptera), Sten-
operla, Zelandoperla, Zelandobius (Plecoptera), Olinga and Hydrobiosis (Trichoptera). Numbers
of invertebrate taxa and relative abundance of shredders (large particle detritivores) were not
correlated with stream gradient but were correlated significantly with stream stability. Implica-
tions of these findings for stream management are discussed, and it is suggested that combined
physical-faunal surveys of the kind used in this study have the potential to identify streams
which may require particular protection.

INTRODUCTION
All stream ecosystems are dependent on the sur-

rounding terrestrial environment for a continuing
supply of energy and nutrients in the form of dis-
solved and particulate organic matter. The surround-
ing catchment, therefore, can be expected to have a
major influence on the nature and functioning of the
stream ecosystem, or to quote Hynes (1975): ". . . in
every respect the valley rules the stream. . . . We
must, in fact, not divorce the stream from its valley
in our thoughts at any time. If we do, we lose touch
with reality." Given this situation, a potential con-
flict of interest between forestry and stream conser-
vation is apparent.

In 1963, Ross hypothesised that certain North
American Trichoptera (caddisflies) were "confined to
distinctive terrestrial biomes" in response to the
physical and biological influences of the local vege-
tation on the stream bed and, subsequently, much
research has been conducted to clarify the links
between forest and stream ecosystems (Fisher and
Likens, 1973; Hynes, 1975; Meehan, Swanson and
Sedell, 1977). In particular, continuing work in the
Coast and Cascade Ranges of Oregon (Meehan
et al., 1977) and at Hubbard Brook, New Hampshire
(see Likens et al., 1977) has been invaluable in detail-
ing terrestrial-stream ecosystem linkages and raising
the general consciousness of parties involved in mak-
ing forest management policy decisions.

Research being carried out by the New Zealand
Forest Service at Maimai and Big Bush is providing
information on the effects of logging practices on
hydrology, sediment loads, and water chemistry of
streams draining small podocarp-hardwood-beech

forest catchments (e.g. Pearce, O'Loughlin and Rowe,
1976; Neary et at., 1978; O'Loughlin, Rowe and
Pearce, 1980). However, critical assessment of fores-
try practices on stream faunas is lacking in New
Zealand. Only Graynoth (1979) has really addressed
this question, and his study of Donald Creek is too
limited, both taxonomically and in scope, to have
general applicability for management.

Before impacts of forestry practices on stream
faunas can be assessed adequately, it is important
that the nature of faunas in undisturbed forest
streams be known. No extensive comparative surveys
of stream communities in relation to forest and
other vegetational types have been made in New
Zealand and the influence of physical factors (e.g.,
flow, substrate size, stability) on invertebrate distri-
butions is poorly understood (Winterbourn, 1981).
In order to partly rectify this situation we carried
out surveys in 43 first to third order streams in a
variety of indigenous forest types and exotic pine
plantations in the three main islands of New Zealand.

At each site, the benthic invertebrate fauna was
sampled and selected physical characteristics of the
catchment, stream bed and adjacent banks recorded.
So that objective comparisons of physical character-
istics could be made, a survey procedure, developed
by Pfankuch (1975) to measure stream stability in
the U.S.A., was used.

METHODS
Forty-three streams in wholly or partially forested

catchments were selected as study sites (Fig. 1, Ap-
pendix I). Sites were chosen either by perusing local
topographical maps for potentially suitable streams,
or by direct investigation of promising regions. Only
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streams bordered by riparian vegetation were select-
ed and most sites were narrow (an active channel of
< 6 m wide at sampling), well shaded reaches about
30 m long. Streams were sampled at various times
of year with each stream being sampled once.

Streams were classified according to forest type as
exotic (Pinus plantations), beech, podocarp-hard-
wood-beech, or podocarp-hardwood. This follows
the scheme used by Wendelken (1976) except that
his kauri (Agathis australis)-podocarp-hardwood
category is included with other podocarp-hardwoods.

In the South Island, forests classified as beech
occur predominantly east of the main alpine divide
and even alongside streams few tree species other
than Nothofagus occur (Burrows, 1977). On the
other hand, in podocarp-hardwood-beech forests,
deciduous fuchsia (Fuchsia excorticata) and wine-
berry (Aristotelia serrata) may occur along stream
banks and contribute pulsed, allochthonous inputs
(Cowie, 1980).

The podocarp-hardwood group encompasses a
greater diversity of trees including species of Podo-
carpaceae (softwood timber trees such as matai
(Podocarpus spicatus) and totara (P. totara)), many
kinds of "broadleaf" hardwood trees (e.g., kamahi
(Weinmannia racemosa), tawa (Beilschmiedia tawa)
and mahoe (Melicytus ramiflorusª, and an abun-
dance of shrubs, ferns, tree-ferns, epiphytes and
lianes.

Physical parameters were recorded first. Channel
gradient was measured with an Abney level, stream
width with a metric tape and pertinent observations
on stream bed structure, catchment conditions and
degree of shading noted. A survey designed by Pfan-
kuch (1975) to evaluate channel stability was then
carried out. The Pfankuch survey is a systematic
procedure in which a series of physical factors are
examined and given numerical scores. Upon sum-
ming the individual scores, an overall stream rating
is obtained and this can be translated into one of
four subjective categories: excellent, good, fair or
poor. The stream rating represents a summary of
the resistive capacity of stream channels to the
detachment of bed and bank materials and provides
information about the capacity of streams to adjust
and recover from potential changes in flow and/or
increases in sediment production (Pfankuch, 1975).

Use of this survey technique requires judgment
which is obtained by practice and a thorough under-
standing of the criteria outlined in the survey guide
{Pfankuch, 1975). In particular, it was important to
consider the entire (approximately 30 m) reach in
making judgments and to avoid keying in on one or
a few indicators. As indicators are interrelated, over-

FIGURE 1. Locations of the 43 streams surveyed in
this study.

and under-ratings tend to balance out, as pointed
out by Pfankuch. In practice, the stream channel is
divided into three components, upper banks, lower
banks and channel bottom, so as to focus the sur-
veyor's attention on the particular indicators to be
evaluated( see Appendix II which is a sample survey
form).

Survey repeatability was tested using several
evaluators and found to be satisfactory. Thus, the
total scores obtained by experienced evaluators
usually were within 5 % of each other.

After the surveys had been completed, benthic
fauna was sampled by taking and washing the sur-
faces of displaced stones into a 1 mm mesh stream
net. An attempt was made to collect from a wide
variety of microhabitats within the surveyed reach.
However, sampling intensity inevitably varied be-
tween sites because of different stream bed character-
istics, such as degree of substrate compaction, habitat
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FIGURE 2. Numbers of invertebrate taxa found in
streams in three types of forest. Black histograms:
taxa belonging to the top-5 abundance group (35 in
all, horizontal line on graph). Open histograms: all
taxa regardless of abundance. Forest types: B, beech;
PHB, podocarp-hardwood-beech; PH, podocarp-
hardwood.

FIGURE 3. The percentage of invertebrate taxa com-
mon to all forest types and to all possible forest
pairs. Black histograms: taxa in the top-5 abundance
group. Open histograms: all taxa. Forest types as in
Figure 2.

accessibility etc. Collected invertebrates were pre-
served in 70% ethanol prior to sorting, counting and
identification. Wherever possible invertebrates were
identified to the species level, but this is not possible
for all New Zealand aquatic insects (Winterbourn
and Gregson, 1981) and many could be identified
only to genus or family. This was almost always the
case with early instar larvae. However, information
lost through inability to discriminate between con-
generic species may not be crucial in many groups.
As Wiggins and Mackay (1978) argued, the genus
can be considered as an ecological type or theme
and congeneric species are merely "subtle variations
on this theme".

Because streams were sampled at various times of
year, seasonal factors could be expected to account
for some of the variation in invertebrate populations
between sites. However many New Zealand stream
insects have non-seasonal life history patterns (Win-
terbourn, 1978; Towns, 1981) and occur in streams
as larvae throughout the year. Therefore, it is likely
that collections made at any time are likely to in-
clude most, if not all, common species, although
their relative abundances may be affected. For this
reason, and because sampling intensity varied be-
tween sites, the animal data do not lend themselves
to sophisticated community analysis and this has
been resisted.

RESULTS AND DISCUSSION
Faunal-forest associations

Sixty-one taxa of benthic invertebrates (excluding
Chironomidae, which were not considered in the
surveys) were identified from the 43 streams. These
were predominantly aquatic insects (87%) of which
Trichoptera (36 % of total numbers), Plecoptera
(13%) and Ephemeroptera (19%) were represented
by most species.

Twenty-four to 56 taxa were taken from streams
in the three forest types (beech-41 taxa; podocarp-
hardwood-beechÖ24; podocarp-hardwoodÖ56) con-
sidered (Fig. 2) and a high percentage were held in
common by all three types (Fig. 3). No obvious
relationship between invertebrate fauna and forest
type was apparent. The lower numbers of taxa found
in podocarp-hardwood-beech forest are probably a
result of the fewer sampling sites located in that
forest type (podocarp-hardwood-beech, n = 4; beech,
n = 15; podocarp-hardwood, n = 22). Since only
two streams in exotic plantations were sampled, they
were not included in this comparison.

At each site, five taxa (not necessarily the same
ones at each site) accounted for a mean of 87.2%
(range 66.7-100%) of the total fauna collected.
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TABLE 1. Number of occurrences and top-5 placings of taxa which occurred in the top-5 abund-
ance group of at least one stream.

Total no. Times Top-5 Placing
of in

occurrences Top-5 1st 2nd 3rd 4th 5th

Ephemeroptera

Deleatidium 42 42 27 9 2 3 1
Nesameletus 19 9 0 5 2 0 2
Coloburiscus humeralis 22 18 7 3 3 4 1
Arachnocolus phillipsi 2 1 0 1 0 0 0

Plecoptera
Stenoperla prasina 27 12 0 1 3 4 4
Zelandoperla 16 9 1 2 2 1 3
Spaniocerca zelandica 8 6 1 2 1 0 2
Zelandobius 14 6 0 0 3 1 2
Austroperla cyrene II 3 0 0 1 0 2
Megaleptoperla grandis 6 1 0 0 0 1 0

Trichoptera
Olinga feredayi 20 14 0 4 4 5 1
Oeconesidae 10 9 3 0 1 3 2
Orthopsyche 10 8 0 1 4 1 2
Aoteapysche 13 7 0 4 1 1 1
Hydrobiosella 10 4 1 1 1 1 0
Hydrobiosis 18 4 0 1 0 3 0
Helicopsyche 7 2 1 0 1 0 0
Philorheithrus agilis 8 2 0 0 1 0 1
Costachorema 6 1 0 0 0 1 0
Polyplectro pus 3 1 0 0 0 0 1
Psilochorema 13 1 0 0 0 1 0
Pycnocentria 6 1 0 0 1 0 0
Pycnocentrodes 4 1 0 0 1 0 0
Triplectides obsoleta 6 1 1 0 0 0 0

Coleptera
Elmidae 18 12 0 5 2 3 2
Helodidae 4 1 0 0 0 0 1
Ptilodactylidae 6 2 0 0 0 2 0

Diptera
Austrosimulium 4 1 0 0 0 1 0
Aphrophila neozelandica 4 2 0 0 0 0 2
Other Tipulidae 16 4 0 0 3 0 1

Oligochaeta
Eisenielia tetraedra 6 3 0 1 0 0 2

Decapoda
Paranephrops 5 5 0 1 0 3

Megaloptera
Archichauliodes diversus 20 9 1 0 3 2 3

Gastropoda
Potamopyrglls antipodarllm 8 1 0 0 1 0 0

Amphipoda 6 3 1 0 1 0 0
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Ubiquitous was the leptophlebiid mayfly, Deleatidium
which was found in 42 of the 43 surveyed sites
(Table 1). Deleatidium was a member of the top-5
in all 42 streams and was the most abundant interte-
brate at 27 of these 42 sites. Other invertebrates
which were widespread and abundant were the eph-
emeropterans Nesameletus and Coloburiscus, the
plecopterans Stenoperla, Zelandoperla and Zeland-
obius and the trichopterans Olinga and Hydrobiosis.
These nine genera occupied 114 of the 207 possible
top-5 positions and represent a core element in the
New Zealand fauna. Deleatidium, Olinga and Nesa-
meletus also were the most abundant species found in
the two exotic plantation streams surveyed. When
top-5 taxa are compared with respect to forest type,
the lack of specialised, forest-associated faunas is
clear (Fig. 3). Of the 35 taxa which occurred in the
top-5, 18 were found in all forest types, 29 in beech,
20 in podocarp-hardwood-beech and 35 in podocarp-
hardwood.
The presence of such "universal" core fauna in

very different types of forest streams is in contrast
with suggestions that close linkages exist between
vegetation type and invertebrate community com-
position. This idea, often credited in the first place
to Ross (1963), nevertheless has not been thoroughly
tested, and a number of workers (e.g. Cummins,
1974; Boling et al., 1975; Malmqvist, Nilsson and
Svensson, 1978) appear to have overstated or mis-
interpreted Ross's initial claim.
Riparian vegetation can have an important role

in fashioning stream habitat as a source of retentive
structures, e.g. logs, and invertebrate food (leaves
and other organic debris), and this may be reflected
in benthic community structure (Meehan et al., 1977;
Hawkins and Sedell, 1981). However, in recent North
American studies, Haefner and Wallace (1981) and
Molles (1982) found that forest type had little effect
on benthic species composition, and Webster and
Pattern (1979) concluded that streams in old field
and pine plantation watersheds were functionally
little different from those in hardwood forest. Simi-
larly, we found no evidence for an association be-

TABLE 2. Spearman rank correlation coefficients (rs)
among physical and biological variables for the 4 3
surveyed streams. (*p<0.05, **p<0.01).

Stability Number Shredder
rating of taxa abundance

Stream gradient 0.24 -0.16 -0.13
Stability rating -0.34* -0.47**
Number of taxa 0.38**

tween the distribution of stream invertebrates and
forest type.

Influence of physical factors on benthic faunas

Sampling sites 10 the 43 surveyed streams had bed
gradients between 0.5º and 23º, and Pfankuch stabil-
ity ratings ranging from 41 to 147 ( 96, SD 26)
(Appendix 1). The mean rating falls into the middle
of the category described as "fair" by Pfankuch
(1975). No New Zealand streams rated "excellent"
and only 12 of the 43 sites were categorized as
"good".

The degree of correlation among stream gradient,
stability rating, number of benthic taxa collected and
relative abundance of shredders (large particle detri-
tivores) was examined by calculating Spearman's rank
correlation coefficient (rs). Results are shown in
Table 2.

Neither bed stability nor numbers of taxa collected
were correlated significantly with stream gradient.
However, numbers of taxa were negatively corre-
lated with Pfankuch rating (rs = -0.34, P < 0.05)
indicating that, in general, more taxa were present
in the more stable streams. This is in agreement with
Cowie's (1980) findings in a West Coast forest stream
system and is probably a result of more stable
streams offering a greater variety and constancy of
habitats and food resources.

The distribution of shredders was examined because
they can play an important role in organic matter
processing in streams (Cummins, 1974), and because
their apparent scarcity in New Zealand has puzzled
stream ecologists. In New Zealand, shredders are
represented by caddisfly larvae of the genus Triplec-
tides (Leptoceridae) and the family Oeconesidae, and
a stonefly, Austroperla cyrene. All can be identified
with keys in Winterbourn and Gregson (1981). For
the purposes of calculating correlation coefficients,
streams were placed in three categories depending
on whether shredders were (1) absent, (2) present and
making up 0.1-3.0% of invertebrate numbers, or (3)
abundant, i.e. constituting more than 3 % of the
fauna. Shredder abundance was not correlated with
stream gradient, but a significant correlation (rs =
Ö0.47, p < 0.01) was found with stability rating. As
with total numbers of taxa, this indicates that shred-
ders are best represented in the more stable streams.
Most streams which scored over 100 lacked shred-
ders, whereas streams which scored less than 100 had
resident (if small) shredder populations. Comparative
studies in two beech forest streams of contrasting
stability in the Cass basin, South Island (Middle Bush
Stream, stability rating 90; Craigieburn Cutting
Stream, 110) indicated that organic matter retention

x
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was a major factor controlling shredder distribution
(Rounick and Winterbourn, in press), and stability
ratings are seen as providing a measure of this
factor.

SUGGESTIONS FOR MANAGEMENT OF NEW ZEALAND
STREAM ECOSYSTEMS IN RELATION TO FORESTRY

PRACTICES
The first step in deciding upon appropriate man-

agement practices is to determine what goals need to
be met. With respect to forest-stream ecosystem
management, a reasonable overall aim would seem
to be to ensure that ecosystem functioning remains
essentially unaltered as a result of forestry practices.
Maintenance of unchanged benthic invertebrate com-
munities (in the taxonomic sense) need not be of
prime concern, since many species play equivalent
roles in an ecosystem context, and losses or gains of
particular species may be of little consequence in
functional terms.

Further, the presence, in New Zealand, of a com-
mon, widely-distributed core fauna, regardless of
forest type, suggests that few, if any, species are
dependent on particular types of terrestrial vegeta-
tion, and conversion from indigenous to exotic
forest per se appears to have little impact on the
nature of stream invertebrate communities.

The removal of stream-side vegetation has two
obvious effects on streams:

(1) The stream bed is opened up, resulting in its
exposure to higher light intensities.

(2) Rates of sediment and, frequently, nutrient input
increase.

Opening up of the canopy can result in increasing
aquatic production at all trophic levels (Murphy,
Hawkins and Anderson, 1981) which also may be
stimulated by increased nutrient level (Bormann e t
aI., 1968). Murphy et. al. (1981) demonstrated a clear
relationship between increased light levels and in-
creases in primary production, microbial respiration,
invertebrate and vertebrate production. How per-
manent such increased productivity will be is an-
other matter, however, and will depend largely on
patterns of regrowth (see Murphy and Hall, 1981).

The effects of canopy change (forested to open) on
faunal composition has been investigated both over-
seas and in New Zealand. Overseas work (e.g., Er-
man, Newbold and Roby, 1977; Newbold, Erman
and Roby, 1980) has demonstrated marked changes
in stream faunal composition, particularly in catch-
ments which have been logged without a riparian
strip being left intact. This is in contrast to the local
situation where observations on the nature of New
Zealand stream faunas in general (Winterbourn,
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Rounick and Cowie, 1981) indicate that a nucleus of
common' .genera and species prevail in many streams
whether they be in native beech; podocarp-hardwood
forest, exotic plantations or even grasslands. Many
of these species clearly possess wide ecological flexi-
bility with respect to habitat requirements, life history
patterns and food requirements (Winterbourn et al.,
198l; Ronnick, Winterbourn and Lyon, in press).

Sedimentation, unlike canopy opening, results in
reduced productivity and has long been recognised
as a problem associated with logging practices. For-
est vegetation plays a key role in stabilising slopes
and reducing erosion and, when it is lost, increasing
quantities of sediment and soil may wash into
streams, often with disastrous effects for the fauna.
Roads, tracks and landings have been identified as
prime sources of sediments which enter streams as a
result of either fluvial erosion or mass-wasting pro-
cesses (Swanston and Swanson, 1976; O'Loughlin
et al., 1980) and for this reason, they should be care-
fully sited so as to minimise possible sedimentation
problems.

Buffer strips, stands of vegetation left intact along
stream banks, have been advocated as a means of
protecting streams from logging impacts (Newbold
et al., 1980), and several studies have shown that they
are effective for ensuring that no decline in fish
populations occurs (e.g. Hall and Lantz, 1969), con-
trolling stream temperature (Brazier and Brown.
1973), and sediment flows (Haupt and Kidd, 1965;
Meehan et al., 1977). In New Zealand, where direct
forest vegetation-stream invertebrate linkages appear
to be weak, it is probable that buffer strips are
primarily of value as "policemen" (Newbold et al.,
1980) limiting direct sediment introduction and pro-
tecting stream banks from logging-induced erosion.

Physical and faunal surveys of the kind described
here (carried out in conjunction) have the potential
to identify streams which may require particular
protection. That is, they can point out potential
trouble spots. For example, the communities in rela-
tively stable streams (those with low Pfankuch
scores) are likely to be subject to relatively greater
disturbance than those in unstable streams, since
shredders' foods would be lost (riparian vegetation)
and inputs of sediment would reduce habitat stability
and heterogeneity.

On the other hand, in naturally unstable streams.
shredders will already be absent and it is probable
that only "common core" species occur. In such
situations, forestry practices should have little effect
on stream fauna, providing severe sedimentation is
prevented.
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New Zealand needs local management plans devel-
oped from local information. A survey technique
such as this is the first step in assuring that both
forestry and aquatic preservation goals become more
compatible.
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