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ABSTRACT



ABSTRACT

The effects of landuse on benthic macroinvertebrate community structure
was assessed in 35 streams draining four different landuse activities (native (Beech
and Broadleaf/Podocarp) forest, exotic (Pinus radiata) forest, hill country pasture
and scrubland) around Lake Taupo, North Island, New Zealand, between January
and March 1997. Ephemerotera (mainly Deleatidium sp.) were abundant in all
landuse types. Diptera (Chironomidae), Coleoptera (Elmidae) and Trichoptera
(Pycnocentrodes aureola) dominated invertebrate communities in open canopy
pasture streams, where higher algal biomass existed. Native forest and exotic forest
stream communities were considerably different. Native forest streams had higher
water velocities, substrate stability and overhead cover, whereas exotic forest
streams had low bed stability and high sand levels. In response to the higher sand
levels in exotic streams, invertebrate communities had higher abundance of
molluscs (Potamopyrgus antipodarum) and Coleoptera (Elmidae). Native stream
communities were dominated by Ephemeroptera (Deleatidium sp. and
Colorburiscus humeralis), Coleoptera (Elmidae) and Trichoptera (Aoteapsyche
colonica). Landuse effects on invertebrates are different throughout New Zealand

and will depend on local conditions, especially geology.

In December 1997 and January 1998, leaf litter decomposition and
invertebrate colonisation were examined in 12 streams draining four different
landuse activities around Lake Taupo. Mesh leaf tubes (0.2mm) and mesh leaf
bags (3mm) containing dried Rangiora (Brachyglottis repanda) leaves were
immersed into streams draining the four landuse types. Leaf tubes and bags were
removed from streams after 14 days, 28 days and 42 days to measure the
percentage of leaf weight lost from each leaf tube and bag and to assess the
invertebrate colonisation of the leaf litter bags. Open canopy streams processed
leaf litter in the tubes faster than closed canopy streams and it is likely that the
increased temperatures and nutrient levels in open streams contributed to this
phenomenon. Leaf bags were decomposed more rapidly in exotic streams where
invertebrate densities in bags were highest among the landuse types. The low

abundance of quality food available in exotic sites is likely to have contributed to



the higher numbers of invertebrates feeding on the limited food resource.
Invertebrate communities in all landuse types were distinctly different from each
other, in contrast to benthic communities which were more similar. It appears that
landuse does affect invertebrate communities in leaf bags, and this in turn

influences leaf litter decomposition rates.

Keywords: abundance, algal biomass, benthic communities, exotic forest, hill
country pasture, invertebrate colonisation, leaf litter decomposition,
macroinvertebrate community structure, mesh bags, mesh tubes, native forest,

percentage weight loss, scrubland.
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GENERAL INTRODUCTION

The landscape influences it’s water bodies through multiple pathways and
mechanisms, operating at different spatial scales (Allan & Johnson, 1997). A
large-scale factor such as land use (Winterbourn, 1986) will have an important
influence on the physicochemical characteristics of a stream (Richards er al.,
1997). Macroinvertebrate community structure is closely linked to these
characteristics (Friberg et al., 1997; Harding & Winterbourn, 1995; Quinn et al.,
1994; Quinn et al., 1997) making them appropriate indicators for investigating

environmental change (Stark, 1993).

Changes in land use practices such as those related to agricultural
development are predicted to alter habitat characteristics, invertebrate community
composition and water quality (Lenat, 1984; Corkum, 1990; Quinn & Hickey,
1990b). Changes in biotic structure are normally considered to be the likely result
of changes to riparian vegetation giving rise to increased light levels and
alterations to temperature and discharge patterns, and fertiliser and sediment
runoff causing increases to instream nutrient levels and sedimentation (Cowie,

1985; Winterbourn, 1986; Prat & Ward, 1994; Quinn et al., 1997).

Invertebrate community structure in response to land development
generally changes from less tolerant taxa, such as, Ephemeroptera, Plecoptera and
Trichoptera in forested streams to communities with lower taxonomic richness
and a predominance of taxa sensitive to environmental extremes, such as
Oligocheata and chironomids in response to agricultural development. Pastoral
streams have generally been found to have lower taxonomic richness than
streams draining less developed catchments (Harding & Winterbourn, 1995;
Quinn et al., 1997). In contrast, stable, mature forest vegetation provides shade,
stabilises water temperature, and reduces erosion and sediment flow (Rounick &

Winterbourn, 1982).

Previous studies (Allen, 1959; Quinn & Hickey, 1990; Reed et al., 1994;
Richards & Host, 1994; Townsend et al., 1997; Winterbourn, 1986) illustrate that
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changes to landuse can effect benthic community structure. However, while it is
clear that structure is affected, it is less clear how, or if, community function is
affected. Although the definition of community function is unclear, it includes
community process and attributes such as nutrient cycling and food processing

(Minshall, 1988; Resh et al., 1988; Richards, Johnson & Host, 1995).

Leaf processing, one measure of community function, is influenced by a
number of factors including; chemistry; temperature and velocity, leaf species,
microbial activity and invertebrate feeding (Superkropp, Klug & Cummins, 1975;
Davis & Winterbourn, 1977; Meyer, 1980, Irons et al., 1994). Land development
usually causes a number of changes to streams that may influence leaf processing
including increased nutrient inputs, flow variability, bank erosion and turbidity
along with modifications to the temperature regime, bed structure and organic

inputs (Wilcock, 1986; Quinn et al, 1992).

Catchment disturbances such as agriculture and plantation forestry can
greatly influence the timing, quantity and quality of allocthonous inputs to
streams (Sweeney, 1993; Tuchman & King, 1993; Delong & Brusven, 1994) and
therefore have significant effects on stream communities (Newbold et al., 1980;

Webster & Waide, 1982).

Although the processing of terrestrial leaf material in streams has been
extensively studied in the Northern Hemisphere, especially North America (see
Webster & Benfield, 1986) there has been relatively few studies in New Zealand
(Collier & Winterbourn, 1986; Davis & Winterbourn, 1977; Young et al., 1994).
Most New Zealand studies have compared the breakdown of leaf litter within a
single landuse. However, none have compared the breakdown of leaf litter in
streams from different landuse types. The aim of this study was to establish
whether different landuse types effect invertebrate community structure and how
this change in structure affects one aspect of community function, namely, food

processing.
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ABSTRACT

Benthic macroinvertebrate communities in streams draining four different
landuse activities (native (Beech and broadleaf/podocarp) forest, exotic (Pinus
Radiata) forest, hill country pasture and scrubland) were sampled in 35 first to
third order streams around Lake Taupo, North Island, New Zealand, between
January and March 1997. Ephemeroptera (mainly Deleatidium sp.) were abundant
in all landuse types, but Diptera (Chironomidae), Coleoptera (Elmidae) and
Trichoptera  (Pycnocentrodes aureola) otherwise dominated invertebrate
communities in pastoral sites. Forested streams of native and exotic were found to
exhibit differences in invertebrate community structure. Native forest streams had
higher water velocities, substrate stability and overhead cover and were dominated
by Ephemeroptera (Deleatidium sp. and Colorburiscus humeralis), Coleoptera
(Elmidae) and Trichoptera (Aoteapsyche colonica). Exotic streams had low bed
stability and high levels of sand. Invertebrate communities at exotic sites had lower
diversity and low numbers of Plecoptera and Ephemeroptera, but had higher
numbers of molluscs (Potamopyrgus antipodarum) and Coleoptera (Elmidae). The
fine nature of volcanic soils in this region are thought to have contributed to the
increased sediment found at exotic sites. Increased sand levels in exotic streams

may have caused the reduction of invertebrate abundance at these sites.

Keywords: abundance, benthic macroinvertebrate communities, diversity, exotic
forest, hill country pasture, landuse, native forest, particulate organic matter,

periphyton biomass, scrubland.
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INTRODUCTION

The character of a stream or river reflects the integration of physical and
biological processes occurring within their catchment (Johnson & Gage, 1997).
Catchment landuse has been identified as a major large-scale factor affecting
invertebrate community composition in New Zealand streams (e.g., Quinn &
Hickey 1990a, 1990b; Scott et al., 1994; Harding & Winterbourn, 1995). Whilst
land use contributes to the determination of the physical nature of the stream
channel and the substrata of it’s bed, riparian vegetation determines the flows of

energy and matter that provide the food resources for the stream inhabitants.

Anthropogenic disturbance resulting in alterations to the riparian vegetation
through land use activities such as exotic forestry and pastoral farming are
predicted to alter habitat characteristics, invertebrate composition and water quality
(Lenat, 1984; Corkum, 1990; Quinn & Hickey, 1990a; Fahey & Rowe, 1992; Prat
& Ward, 1994). Invertebrate communities are generally responsive to changes in
their environment (Stark, 1985). Increased light, temperature, altered discharge
patterns, increased nutrient inputs and sedimentation are all documented to have
adverse effects on benthic faunas (Cowie, 1985; Winterbourn, 1986; Smith et al.,

1993; Prat & Ward, 1994; Quinn et al., 1994).

Changes in invertebrate community structure in response to land
development has been well documented in both New Zealand (e.g., Allan, 1959;
Winterbourn, 1986; Quinn & Hickey, 1990b; Smith er al., 1993; Quinn et al.,
1997; Townsend et al., 1997) and overseas (Dance & Hynes, 1980; Reed et al.,
1994; Richards & Host, 1994; Ventura & Harper, 1996). These studies generally
illustrate a shift from less tolerant taxa, such as, Ephemeroptera, Plecoptera and
Trichoptera in forested streams to communities with lower taxonomic richness and
a predominance of taxa sensitive to environmental extremes, such as, Oligocheata

and chironomids in response to agricultural development.

Previous New Zealand studies (Harding & Winterbourn, 1995; Quinn et
al., 1994, Quinn et al., 1997; Quinn & Hickey, 1990a,b) have not considered the
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Central Volcanic Plateau and have focused on comparisons between native and
pasture, native and exotic or exotic and pasture landuses. This study investigates
differences in physico-chemical conditions and benthic invertebrate community
structure in streams draining four different land use types: native forests
(Broadleaf/podocarp and Beech), exotic plantation forests (Pinus radiata), pasture

(sheep and beef) and scrubland around the perimeter of lake Taupo.

STUDY SITES

All study sites were first to third order streams situated around the
perimeter of Lake Taupo, North Island, New Zealand (176° 05’E, 38° 42°S). The
geology is predominantly faulted and tilted sequences of ignimbrite, lake sediment
and lava underlain by basement greywacke and argillite of meszozoic-paleozoic
origin (Pullar & Birrell, 1975). In contrast, surficial geology is poorly consolidated
pumiceous ignimbrite erupted during the last 20,000 years from the central
volcanic plateau (Lake Taupo) (Pullar & Birrell, 1975). Study sites ranged in
altitude between 320m and 750m a.s.l. (Fig. 2.1.).

Sites were placed into four landuse categories (defined as the vegetation
covering >80% of the catchment); beech and broadleaf/podocarp forests, exotic
plantation forest, scrubland and hill country pasture. Native forest streams (Nf 1-Nf
10) are from the Kaimanawa (beech) and Pureora (podocarp/broadleaf) forests.
Exotic Pinus radiata plantation forests Pf 1-Pf 10) are approximately 20 years old
and had riparian vegetation consisting mainly of scrub and blackberry. Scrubland
(Sc 1-Sc 5) had riparian growth that was often well developed and consisted of
various flaxes, gorse, Kanuka and willows. Agricultural activity in hill country
pasture catchments (Pa 1-Pa 10) consisted of low to moderate intensity sheep and
beef grazing. Riparian vegetation (when apparent) in the pasture catchments
usually consisted of ungrazed exotic pasture species with stock access to the

stream channel predominant.
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Figure 2.1. Location of the 35 streams within the four landuse types (native (beech and
broadleaf/podocarp) forests, hill country pasture, exotic Pinus Radiata forest, and
scrubland) which were sampled between January and March 1997 around Lake Taupo,
North Island, New Zealand.




Plate 2.1. An exotic forest site (left) and a scrubland site (right) from a survey of 35 streams draining native forests, h

forest and scrubland catchments, around Lake Taupo, between January and March 1997.
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Plate 2.2. A pasture site (top) and a native forest site (bottom) from a survey of 35 streams
draining native forests, hill country pasture, exotic forest and scrubland catchments, around

Lake Taupo, between January and March 1997.
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MATERIALS AND METHODS

Sampling protocol

Macroinvertebrates were collected in four replicate 250 pm mesh, 0.1 Im’
Surber samples between January and March 1997. They were preserved in 70%
alcohol, sieved through a 250um Endecott sieve and animals identified and
enumerated with a 40x microscope using available keys (Chapman and Lewis,
1976; Cowley, 1978; McFarlane, 1951; Towns and Peters, 1996; Winterbourn,
1973; Winterbourn and Gregson, 1989). If taxa could not be identified to species
they were assigned to apparent morphospecies. The remainder of the sample was
separated into course (>0.1mm) and medium (>250um-Imm) particulate organic
matter (POM) using Imm and 250um Endecott sieves. This material was then
dried at 80 °C for five days, weighed and then ashed for two hours at 600°C.
Samples were then re-weighed to obtain an ash free dry weight (AFDW). Mass of

organic matter was determined as the quantity of mass lost after ashing.

Concurrent with each invertebrate collection site, a range of physico-
chemical parameters were measured (Table 2.1.). Conductivity, temperature and
dissolved oxygen were measured using an Orio 122 conductivity and temperature
meter and a YSI model 58 meter, respectively. Five water velocity readings, taken
with a velocity head rod, were measured midstream at each sample point, along
with 4 width and 5 depth measurements along the stream reach. Substrate
composition: sand (<0.2cm diameter) gravel (0.2-6¢cm), small cobbles (6-12cm),
large cobbles (13-26cm), boulders (>26cm) and bedrock, the percentage overhead
cover and type of riparian vegetation (native forest, exotic woodland, scrub,
crop/pasture and other) were visually assessed. 500ml water samples were taken
back to the laboratory on ice and frozen. Samples were thawed before pH
measurement using an Orion 250A pH meter. Suspended solids in this 500ml
sample were measured by filtering through a preweighed Whatman GF/C filter
(pore size=0.7um) and dried overnight at 105 °C, before weighing again and
subtracting the filter weight.

Algal biomass was assessed by extracting photosynthetic pigments

(chlorophyll a and phaeophytin) in 90% acetone, for 24 hours at 5 °C, from five
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small cobbles (mean circumference = 10 cm) collected on each sampling occasion.
Wavelength absorption was measured on a Jenway 6105 UV/Visible
Spectrophotometer at 410, 430, 665 and 720nm. Total pigment concentration was
calculated using the method of Moss (1967 a, b). Stone surface area was calculated
using height, width and length measurements following Graham et al., (1988) and

used to express periphyton biomass per unit stone surface area.

Statistical analysis

Data were log 1o (x+1) transformed prior to analysis where appropriate to
remove heterogeneity of variance. Differences in physicochemical and biological
measures among land use types were analysed with two-way analysis of variance
(ANOVA) using the SAS statistical package (SAS, 1989), and Duncan multiple
range means tests (P=0.05). Landuse and stream order were treated as fixed
effects. Correlations between the physicochemical variables were correlated with
five indices of community structure using SAS (1989). These indices were the
Berger-Parker dominance index (Berger & Parker, 1970), Margelefs index
(Clifford & Stevenson, 1975), EPT (Lenat, 1988), MCI (Stark, 1985) and QMCI
(Stark, 1993). The Berger-Parker dominance index is given by: D = N, /N where
N = total number of individuals and Ny.. = number of individuals in the most
abundant species. Indices that provided an indication of diversity were taxa
richness, and Margalefs index is given by: D = (S-1)/In/ N where S = species
number and N = total number of individuals. An increase in Margalefs index
indicates an increase in diversity, whereas an increase in the Berger-Parker index
indicates a decrease in diversity (Death & Winterbourn, 1995). EPT scores
consisted of the sum of Ephemeroptera, Plecoptera and Trichoptera taxa present

divided by the total number of taxa.

The MCI weights taxa according to their tolerance to organic enrichment.
Taxa that are characteristic of higher water quality score more highly than those

commonly found in polluted conditions (Stark, 1993). The MCl is given by:

MCI = site  score %20

no. of scoring taxa

Where the site score is the sum of individual taxon scores (Stark, 1993).
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The QMCI (Stark, 1993) is given by:

Where § = the total number of taxa in the sample, n; is the number of individuals
in the i-th scoring taxon, a; is the score for the i-th taxon, and N is the total number
of individuals in the sample.

To examine overall trends in community structure, Detrended
Correspondence Analysis (DECORANA) was performed using the PC-ORD
statistical package (McCune & Mefford, 1995). Environmental variables were

correlated with the DECORANA axes using Pearson’s linear correlation.

RESULTS

Physicochemical characteristics

Streams with native forest catchments had the highest mean current velocities
(ranging from 0.6 to 1.2m/s™"), the most stable streambeds (Fig. 2.2.), highest
percentage cover and occurred at higher altitudes (Table 2.1.). Conductivity,
temperature, mean depth (ranging from 9 to 25c¢m) and percentage of sand (ranging
from 5 to 10%) were all lowest in the native forest streams (Fig. 2.3.). Exotic forest
streams had the narrowest (between 1 and 4.6m) and deepest channels (ranging
from 12 to 42cm), highest percentage of sand (5 to 70%), least stable substrate and
lowest current velocity (0.2 to 0.6111!5"). Scrub streams had the widest stream
channels (mean ranged from 2.6 to 7.1m), highest water temperatures and
conductivity and occurred at the lowest altitudes. Pasture streams had the lowest
percentage cover. All streams had pH values in the circumneutral range (6.5 to 8.8)

and suspended solid concentrations ranging from 2.9 to 803.3mg/1.

Periphyton and Particulate organic matter

Chlorophyll a (F334=4.39, P=0.01) and total pigment (F33,=4.92, P=0.01) were
highest at pasture sites, ranging from 0.33 to 2.54ug/cm” and lowest at sites within
exotic forests (0.07 to 0.78ug/cm2) (Fig. 2.4.).
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Table 2.1. Physical and chemical characteristics, F-values,Degrees of freedom and P-values testing the null hypothesis that physico-chemical parameters were similar between
landuse types recorded from 35 streams on the Central Volcanic Plateau, between January and March, 1997, which drain native forest, exotic forest, hill country pasture or scrub catchments,

Sites Map (Ref) Stream Mean width Mean depth Mean velocity Conductivity D.O  Temperature pH Cover Stability Sand Suspended Altitude
(1:250 000) order (m) (cm) (m/s-1) (uS/lcm-2)  (mg/L) (oc) %  (Total) % _ Solids (mg/L) (masl)
Native
Omoho T19 461485 2 3.1 (2.5-4.0) 20.75 (13-24) 0.83 110.7 10.4 136 B.& 50 107 5 18.46 570
Waihi T19 472463 3 3.3(2.5-5.0) 14.25 (10-20) 0.57 311 1.2 123 BB 90 81 5 7.14 480
Kokaho T17 895452 3 10.0 (B.0-12.0) 19.5 (8-32) 1.19 34.9 10.2 11.6 7.3 70 50 5 2.86 490
Waimonoa T17 920465 2 7.2 (6.0-9.0) 10.75 (B-24) 0.99 36.7 10.3 11.5 7.2 50 €0 5 14.56 590
Waiharuru U19 445830 1 2.2 (2.0-2.5) 15.25 (9-24) 0.77 229 9.8 8.9 6.7 BO B2 5 11.76 790
Te Arero U19 456981 2 2.8 (2.0-4.0) 14.25 (10-21) 0.93 ny 98 9.4 6.7 100 76 5 26.09 780
Pirua U19 465860 2 1.7 (1.5-2.5) 9 (6-14) 0.78 40.4 97 8.9 8.1 100 94 5 21.62 720
Manukatuata U19 462910 1 1.5(1.0-2.0) 9.5 (B-16) 0.68 328 9.8 9 7.4 100 89 10 6.45 820
Mangatawai T19 221753 3 6.5 (6.0-7.0) 25.25 (19-31) 0.72 701 10.1 56 T.7 80 57 5 65.63 800
Waipa T19231754 3 5.2 (4.0-7.0) 22.5 (15-32) 0.65 736 7.8 4.7 6.5 100 55 5 21.21 710
Pasture
Orongopioi T18 632459 1 B8 (5-1.0)  26.75(20-35) 0.22 41.7 9.7 14.4 8.7 0 110 60 256.41 530
Otupoto T18 777456 1 3.1 (2.0-4.0) 11.75 (8-14) 0.59 2886 10.9 13.2 6.9 b a1 5 317 540
Waimeharua T17 854431 2 3.7 (3.0-4.5) 23.5(18-31) 0.94 28.6 9.9 1.6 6.9 20 79 10 23.19 420
Kokaho T17 882495 3 6.1 (5.5-7.0) 19 (12-26) 1 50.5 1.1 129 ] 10 52 5 2.86 460
Terengaogaio T17 901534 3 4.1(4.0-45) 2275 (16-28) 0.91 60.6 10.2 141 8.6 50 89 5 803.33 470
Swampy T17909555 3 2.0 (1.7-2.5) 26.5 (22-33) 0.77 77.3 10.3 13.9 7.8 30 101 10 144.18 490
Walikino T17 955566 3 2.5(1.5-4.0) 20 (18-22) 0.57 B1.5 9.8 128 6.9 0 78 10 175.76 360
Whakarukia T17 945579 2 1.6 (1.0-2.0) 32.25 (28-37) 0.03 791 8.1 16.3 7 0 73 10 39.44 370
Potungutungu T17 940583 2 2.6 (2.0-3.0) 27.75 (24-32) 0.94 71.6 11.4 121 8 0 B9 15 37.68 370
Taharua U19 496945 2 3.1(2.0-4.0) 24 (13-31) 0.19 631 8.8 10.3 :] 0 113 5 2.86 650
Exotic
Whanganui trib T18 678402 1 1.1(1.0-1.5) 12.5 (5-20) 0.16 57.9 9.9 123 7.8 100 90 70 41.18 560
Mokauteure T17 966674 3 3.1 {2.5-3.5) 37.5 (24-51) 0.52 B80.4 8.5 15.1 8.3 60 112 15 B8.69 470
Waitetoko T19 483694 1 1.0(1.0-1.5)  20.25 (12-30) 0.47 98.7 8.2 11.2 7.8 60 92 20 63.64 570
Hingapo T19 456685 1 1.2 (1.5-2.0) 46.5 (28-61) 0.38 91.7 8.5 10.4 B.6 B0 68 50 36.11 590
Waitapu U19 465786 2 2.1 (1.7-2.5) 36 (32-41) 0.27 95.8 B85 10.5 81 90 86 60 61.11 540
Whataroa T19 476692 2 1.5 (1.0-2.0) 18 (15-21) 05 B2.5 8.9 10.5 79 90 84 35 29.41 540
Mangakahakaha U18 571853 2 1.5(1.0-2.0) 21.25 (16-28) 0.38 76.1 8.3 10.3 71 90 91 40 234 28 570
Mangamutu U18B 621803 3 1.3(1.0-1.5) 19.5 (12-34) 0.22 86.3 8.8 1.1 7.9 60 80 65 B5.29 380
Mangakowhitiwhiti  T19 455653 3 4.6 (4.0-6.0) 42.75 (35-48) 0.57 52.6 94 10.8 8.2 20 78 10 16.9 550
Tangihamutu U18 623875 2 3.7(3.5-40) 22.75(12-31) 0.61 44 94 11.1 7.9 20 79 5 64.06 690
Scrub
Oturere T19 220756 3 6.0(5.0-7.0)  18.25 (12-25) 0.72 113.3 12.4 9.6 7.5 50 65 10 171.01 870
Waiotaka T19 432562 3 55(4.0-7.0)  21.25(16-27) 0.57 69.2 9.4 18.2 68 20 B4 10 41.15 370
Waimarino T19 461593 3 7.1 (6.5-8.0) 17 (12-22) 0.52 68.4 10.3 18.3 71 20 85 5 37.14 a7o
Waipehi T18 541683 2 26(2.0-30)  22.25(9-24) 0.84 76.6 1.3 12.8 87 80 70 5 183.33 370
Waioratene U1B 651786 1 5.7 (5.0-6.0) 27.5(21-34) 0.61 67.7 B3 15.2 B2 30 Jk:) 20 97.32 320
F-value 3.63 4.01 6.15 33 2.49 6.11 1.3 18.81 36 6.23 1.58 6.61
df 3,34 334 3,34 3,34 3,34 3,34 334 334 3,34 3,34 334 3,34
P-value 0.02 0.01 0.00 0.03 0.08 0.00 0.29 000 002 003 0.22 0.00
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Figure 2.2. (Mean + S.E.) (top) temperature (middle) velocity and (bottom) bottom
stability component (Pfankuch stability index) measured in 35 streams around Lake Taupo
between January and March 1997, which drain native forest, hill country pasture, exotic

forest and scrubland catchments.
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Figure 2.3. (Mean + S.E.) (top) conductivity (middle) depth and (bottom) sand percentage
measured in 35 streams around Lake Taupo between January and March 1997, which

drain native forest, hill country pasture, exotic forest and scrubland catchments.
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Mean TPOM (Total particulate organic matter) ranged between 0.45 and
9.30g /AFDW 0.1m” for Waihi (Nf4) and Hingapo (Ef4) streams respectively (Fig.

2.4). Native, scrub and pasture streams all had significantly lower TPOM than

exotic forest streams, with lowest levels of TPOM in scrub streams (F;.;=4.14,

P=0.02).
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Figure 2.4. (Mean + S.E.) (top) chlorophyll a and (bottom) particulate organic matter

(total) measured in 35 streams around Lake Taupo between January and March 1997,

which drain native forest, hill country pasture, exotic forest and scrubland catchments.
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A total of 62 macroinvertebrate taxa were collected from the 35 study sites

(Appendix 1). Deleatidium sp. were most abundant in native and pasture streams

whereas scrub and exotic streams were dominated by Elmidae and Zephlebia

dentata respectively (Table 2.2.). The total number of taxa collected from any site

ranged between 32 in Otupoto stream (Pa2) and 5 in Mokauteure stream (Ef2).

Overall species richness was greatest in native streams (averaging 23 taxa) and

lowest in exotic streams (averaging 15 taxa) (F;;,=2.97, P=0.04) (Fig. 2.5.).

Relative abundance (Fig. 2.6.) of Plecoptera was highest in native streams

(F334=3.97, P=0.02) whereas scrub streams contained a significantly higher

abundance of Coleoptera (F; 34=4.64, P=0.01). Collectors were highest in pasture

and scrub streams (F; 34,=3.82, P=0.02).

Table 2.2. The five most common macroinvertebrate taxa collected in each of native

forest,

exotic forest, hill country pasture and scrub streams between January and March 1997.

Native Pasture
Deleatidium spp. Deleatidium spp.
Colorburiscus humeralis Elmidae

Chironomidae
Elmidae

Chironomidae
Pycnocentrodes aureola

Aoteapsyche colonica Oligocheata

Exotic Scrub
Zephlebia dentata Elmidae
Elmidae Deleatidium spp.
Deleatidium spp. Chironomidae
Potamopyrgus antipodarum Colorburiscus humeralis
Zelollessica spp Eriopterini
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Margalefs index was highest in native streams and lowest in exotic streams
with pasture and scrub streams intermediate (F3;3,=9.68,P<0.001). The total
number of invertebrates collected (4 replicates combined) ranged between 15 and
1103. Scrub and pasture streams had the highest numbers of individuals with

native and exotic streams the lowest (F; ;,=2.68, P=0.04) (Fig.2.5.).

MCI scores (Fig. 2.7.) were significantly higher in native streams (mean
127) than those in pasture (mean 110), exotic (mean 108) and scrub (mean 105)
(F334=3.31, P=0.02). The QMCI (Fig. 2.7.) indicated a similar trend, although
scrub streams scores were higher than pasture and exotic sites the difference was
not significant (F3 3,=3.86,P=0.06). The percentage of Ephemeroptera, Plecoptera
and Trichoptera (EPT%) (Fig.2.7.) was highest in native streams (ranging from 41
to 74%) and lowest in exotic streams (ranging from 29 to 65%). Pasture and scrub

were intermediate (ranging from 22 to75% and 46 to 63%) respectively.

Ordination

Distinct communities between landuse type are not apparent in a plot of
DECORANA scores (Fig. 2.8.). However, axis one generally grades sites from
higher current velocity to lower current velocity, whereas axis two grades sites
from forested sites (low on axis two) to open canopy sites (high on axis two). The
only exceptions were the native Waihi stream (Nf2) and the exotic Mangamutu
stream (Ef8) which were located high on axis two. Axis one accounted for 15.8%,
and axis two 9.5% of the variation in ordination scores. Increasing axis one scores
were indicative of sites with higher pollution tolerant taxa. Physa and Oligochaeta
were both correlated with high scores on axis one whereas Deleatidium spp. and
Archichauliodes diversus were common among sites that scored low on axis one.
Axis one correlated with a number of site characteristics (Table 2.3.1.).
Communities to the right of axis 1 characteristic of sites with narrow channels,
high to medium levels of sand substrate, low dissolved oxygen and low current

velocities.
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Figure 2.5. (Mean = S.E.) (top) taxa richness and (bottom) total abundance measured in
35 streams around Lake Taupo between January and March 1997, which drain native

forest, hill country pasture, exotic forest and scrubland catchments.
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Figure 2.7. (Mean = S.E.) (top) MCI (middle) QMCI and (bottom) EPT percentage
measured in 35 streams around Lake Taupo between January and March 1997, which

drain native forest, hill country pasture, exotic forest and scrubland catchments
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The MCI, QMCI and EPT were all negatively correlated with axis one. Increasing
axis two scores were indicative of sites with higher periphyton biomass.
Pycnocentrodes aureola and Chironomid spp were strongly associated with these
high axis two scores whereas Stenoperla prasina, Austroperla cyrene and
Colorburiscus humeralis commonly occurred at sites that scored low on axis two.

MCI, QMCI and altitude were all negatively correlated to axis two (Table 2.3.2.).
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Figure 2.6. Mean relative abundance of individuals from seven taxonomic groups
collected from 35 streams around Lake Taupo between January and March 1997, which

drain native forest, hill country pasture, exotic forest and scrubland catchments.
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Table 2.3.1. Taxa correlated (* = P<0.05) with Detrended Correspondence Analysis axes for
macroinvertebrate communities collected from 35 streams in native forest, hill country pasture,
exotic forest and scrub, sampled between January and March 1997,

Taxon AXIS 1 AXIS 2 AXIS 3
Amphipoda 0.39* 0.34* 043~
Aphrophila neozelandica -0.27 0.52* -0.23
Archichauliodes diversus -0.44 * -0.26 -0.16
Austroperia cyrene -0.14 -0.52 * -0.08
Certopogonidae -0.03 042~ -0.26
Chironomid sp. 1 -0.18 0.45* -0.26
Chironomid sp. 2 -0.16 0.45* -0.37 *
Chironomid sp. 3 -0.32* 0.54 * -0.14
Chironomid sp. 4 -0.03 0.53 " -0.29
Chironomid sp. 5 0.29 035" 0.32*
Colorburiscus humeralis -0.30 -0.53 * -0.03
Deleatidium spp. -0.68 * -0.26 0.01
Elmidae -0.52 * -0.79* -0.09
Empididae -0.04 0.36 * -0.15
Eriopterini -0.12 -0.66 * 0.06
Hydrobiosis parumbripennis 0.01 0.12 -0.56 *
Hydrometridae -0.02 0.33 * -0.09
Hydrophilidae 0.24 0.12 0.57 *
Neocurupira hudsoni -0.13 0.38 * -0.12
Neurochorema confusum -0.34 0.16 -0.19
Oeconesus maori 0.32* -0.10 0.41*
Oligocheate 0.75* -0.18 -0.46 *
Olinga feredayi -0.40* 0.21 -0.18
Paralimnophila skusei 0.238™ 0.06 0.41*
Physa 0.64 * 0.00 -0.37 *
Potamopyrgus antipodarum 0.09 0.41* 0.26

Table 2.3.2. Variables correlated (* = P<0.05) with Detrended Corresponence Analysis axes for
macroinvertebrate communities collected from 35 streams in native forest, hill country pasture,
exotic forest and scrub, sampled between January and March 1997.

Parameter AXIS 1 AXIS 2 AXIS 3
Dissolved oxygen -0.48 * 0.11 -0.07
Velocity -0.53 * 0.01 -0.19
Width -0.44 * 0.20 -0.13
Altitude -0.04 -0.35* 0.00
MCI -0.38 * -0.47 * 0.38*
QmcCl -0.54 -0.43* 0.42*

EPT% -0.65 * 0.22 0.23
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Figure 2.8. Axis | of a Detrended Correspondence Analysis (DECORANA) as a function
of axis 2 for macroinvertebrate communities collected from 35 streams around Lake
Taupo between January and March 1997, which drain native forest, hill country pasture,

exotic forest and scrubland catchments.

DISCUSSION

Elevated light and temperature resulting from the removal of riparian vegetation
have been known to cause increases in periphyton biomass in streams (Biggs,
1990; Holopainen, 1992; Quinn, 1994). The finding of higher algal biomass in
open canopy streams than closed canopy streams in this study is consistent with
this (Quinn & Hickey, 1990b; Quinn er al., 1997). However, in comparison to
scrub streams which also had open canopies, agriculturally developed catchments
had 3-fold higher algal epilithon. Overhead cover and riparian vegetation had both
been significantly reduced in pasture and scrub catchments, yet only pasture

streams had highly elevated periphyton levels. This may be explained by increased
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nutrient levels from fertiliser and soil runoff at pasture sites (Minshall, 1984;

Quinn et al., 1992, 1994; Quinn & Hickey, 1990b).

Increased periphyton biomass in open streams may be responsible for the higher
macroinvertebrate abundance in the pasture and scrub streams (Biggs, 1990; Jowett
& Richardson, 1990; Quinn & Hickey, 1990b; Quinn er al., 1994; Friberg, 1997).
Decreased invertebrate abundance in exotic sites are likely to be a result of reduced
primary production (Quinn ez al., 1992), a reduction in food quality (Stumn &
Morgan, 1981; Gregory, 1983; Sweeney & Vannote, 1986) low substrate stability
and high percentages of silt and sand (Quinn & Hickey, 1990b).

Species richness and diversity declined as overall stream stability decreased
(Death & Winterbourn, 1995). Streambeds in native forest streams were the most
stable, whereas exotic sites had the least stable substrates because they were
dominated by sand. Previous studies (Collier, 1989: Graynoth, 1979; Harding &
Winterbourn, 1995) indicate that benthic invertebrate communities comparable to
those in native forest are re-established following planting with exotic conifers.
However, this did not occur at my Taupo sites where exotic and native stream
faunas were considerably different. Some physical habitat differences between
exotic and native streams examined during this study are evident. The general lack
of an understory in exotic catchments and the fine nature of volcanic soils in this
study area may have resulted in higher sediment inputs in exotic streams compared
to streams draining undisturbed catchments with lush understory growth.

The number of taxa belonging to the more sensitive ephemeropteran,
plecopteran, and trichopteran insect orders were lower in exotic streams while
molluscs and coleopterans were more abundant (Waters, 1995). Decreases in the
total number of individuals and taxa in exotic streams may be a result of
suffocation of the stream bed by high silt and sand levels, filling the interstitial
spaces and reducing oxygen availability to subsurface organisms (Ryder, 1991;
Schalchli, 1992; Wagner & La Perriere, 1985; Waters, 1995). Taxa abundant at
exotic sites were similar to those found to be affected by increased sedimentation

in experiments conducted by Ryder (1989). Deleatidium sp. were reduced in
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in experiments conducted by Ryder (1989). Deleatidium sp. were reduced in
abundance in exotic sites, whereas Potamopyrgus antipodarum and Oligocheata
were abundant. These shifts towards communities dominated by taxa that are less
sensitive to environmental extremes at the exotic sites was also reflected in the
MCI and QMCI values, which were lower at the exotic sites. This would indicate
that exotic forestry on the Central Volcanic Plateau is more detrimental to water

quality than low to moderate intensity sheep and beef farming in the area.

In the present study, exotic stream invertebrate community composition was
different from the other landuse types. This finding contrasts with the results of
others (Friberg et al., 1997; Harding & Winterbourn, 1995; Quinn & Hickey, 1990;
Quinn et al., 1994; Quinn et al., 1997) which found exotic and native forest
communities to be similar and contrast with pasture communities. However, in this
study exotic streams had low bed stability and high levels of sand, it is likely that
this may have caused the difference in both exotic stream communities and native
stream communities. Pasture streams appear to be less effected by landuse as a
result of less intensive farming at the studied sites than in other studies. In
conclusion, the effects of landuse change will not be consistent throughout New

Zealand, but will be affected by different land conditions, especially geology.
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ABSTRACT

Leaf litter decomposition in leaf bags and leaf tubes and invertebrate
colonisation of leaf litter bags were investigated in 12 streams of differing landuse
(native, pasture, exotic and scrub) around lake Taupo, New Zealand. Mesh tubes
(0.2mm) and mesh bags (3mm) containing dried Rangiora (Brachyglottis repanda)
leaves were immersed into streams draining native beech and broadleaf/podocarp
forests, hill country pasture, exotic Pinus radiata and scrubland. Leaf litter bags
and tubes were removed from streams after 14, 28 and 42 days to measure the
percentage of weight lost from each leaf bag and leaf tube and to assess
invertebrate colonisation of the leaf bags. Decomposition of leaf litter was more
rapid in tubes removed from streams with open canopies than closed canopies and
appeared to be influenced by increased temperatures and nutrient inputs at these
sites. Decomposition rates of leaf litter were faster in exotic leaf bags, pasture and
native leaf bags were intermediate and scrub stream leaf bags were slowest.
Chironomidae, Oligocheata and Potamopyrgus antipodarum were the most
abundant leaf bag colonists. Leaf bags in exotic and native streams supported the
highest invertebrate densities, but shredders were most abundant in leaf bags from
native streams. All landuse types showed distinct differences in macroinvertebrate
community composition in contrast to benthic communities which were quite
similar. It appears then that landuse does influence benthic invertebrate
communities in leaf bags which in turn influence the decomposition rate of leaf

litter within leaf bags.

Keywords: abundance, colonisation, decomposition, exotic forest, hill country
pasture, landuse, leaf litter bags, leaf litter tubes, macroinvertebrate community

composition, native forest, scrubland, weight loss.
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INTRODUCTION

Terrestrial vegetation that enters the stream channel provides an important
source of detrital food and habitat for many stream invertebrates (Kaushik &
Hynes, 1971; Peterson & Cummins, 1974; Anderson & Sedell, 1979; Rounick &
Winterbourn, 1983a).

Processing of leaf litter is influenced by a number of factors including:
water chemistry; temperature and current velocity, leaf species, microbial activity
and invertebrate feeding (Suberkropp, Klug & Cummins, 1975; Davis &
Winterbourn, 1977; Meyer, 1980, Irons et al., 1994). Typically, land development
causes a number of changes to streams that may influence leaf processing
including increased nutrient inputs, flow variability, bank erosion and turbidity
along with modifications to the temperature regime, bed structure and organic
inputs (Wilcock, 1986; Quinn er al., 1992). Catchment disturbances such as
agriculture and plantation forestry can greatly influence the timing, quantity and
quality of allocthonous inputs to streams (Sweeney, 1993; Tuchman & King, 1993;
Delong & Brusven, 1994) and therefore significantly effect stream communities
(Newbold et al., 1980; Webster & Waide, 1982). These effects include shifts in
invertebrate functional feeding group distributions because of increases in
autochthonous primary production and decreases in allochthonous leaf detritus
(Gurtz & Wallace, 1984; Wallace & Gurtz, 1986).

Leaf processing is a complex interaction of physical, chemical, microbial
and animal processes and therefore measurements of breakdown rates may be
useful for assessing the effects of anthropogenic disturbance, such as land
development, on stream systems (Webster & Benfield, 1986) as it is affected by a
wide range of variables that themselves can be influenced by disturbance to an
ecosystem (Young ef al., 1994). Although the influence of many such changes on
physical characteristics of streams are well documented (Harding & Winterbourn,
1995; Quinn et al, 1994; Quinn et al., 1997) effects of land development on
animal communities and biotic processes are less well understood (Whiles &

Wallace, 1997).
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Previous studies of leaf litter processing have examined the dramatic
changes to catchments such as logging (Webster & Waide, 1982; Meyer &
Johnson, 1983; Griffith & Perry, 1991), channelisation (Gelroth & Marzolf, 1978),
highway construction (Stout & Coburn, 1989) or differences between agricultural
(Young et al., 1994) and forested stream reaches (Bird & Kaushik, 1992). My
approach is to investigate leaf litter decomposition of several sites from four
different landuse activities.

The aims of the present study are to examine the effect of land management
on processing of leaf litter in 0.2mm mesh tubes and 3mm mesh bags and to
investigate invertebrate colonisation of leaf litter bags. Invertebrate and microbial
decomposition of leaf litter in the different landuse types will be compared. Thus,
invertebrate communities inhabiting leaf bags and decomposition of Rangirora
(Brachyglottis repanda) litter in leaf bags and leaf tubes were examined in 12
streams draining native forest, exotic forestry, scrubland and pastoral farming land

use types.

STUDY SITES

The 12 study sites were second and third order streams which were situated
around Lake Taupo, North Island, New Zealand (176° 05’E, 38° 42’S). Study sites
ranged in altitude between 320m and 750m a.s.l. (Fig. 3.1.).

Landuse categories were defined as sites wherthe vegetation characteristic
of that landuse covers >80% of the catchment. They included native beech and
broadleaf/podocarp forests, exotic plantation forest, scrubland, and hill country
pasture. Native beech (Kaimanawa forest) and broadleaf/podocarp (Pureora forest)
(Nf 1-Nf 3) had extensive forest vegetation down to the stream channel. Exotic
Pinus radiata plantation forests (Pf 1-Pf 3) originate back approximately 20 years
and had riparian vegetation consisting mainly of scrub, ferns and blackberry.
Scrubland (Sc 1-Sc¢ 3) had riparian growth that was often well developed and
consisted of various flaxes, gorse, Kanuka and willows. Agricultural activity in
pasture catchments (Pa 1-Pa 3) consisted of moderate to low intensity sheep/beef
grazing. Riparian vegetation at these pasture streams usually consisted of exotic

pasture species with stock access to the stream channel predominant.
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Figure 3.1. Location of the 12 streams within four landuse types (native (beech and
broadleaf/podocarp) forests, hill country pasture, exotic Pinus radiata forest and
scrubland) which were studied between December 1997 and January 1998, around Lake

Taupo, North Island, New Zealand.



Plate 3.1. A native forest (left) and a pasture (right) study site where leaf bag and leaf tube decomposition was assessed between December 1997

and January 1998.
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MATERIALS AND METHODS

Fresh leaves of Rangiora were placed into pre-weighed bags (heat-sealed 12x15
cm bags constructed from 3mm plastic mesh) before drying at 60°C to constant
weight. After drying, the bags were re-weighed and leaf weight determined to the

nearest milligram. These 3mm mesh bags allowed invertebrate and microbial
access to the leaves. To exclude invertebrates and evaluate microbial and non-
invertebrate weight losses, leaf tubes were constructed from 9cm long, 40mm
diameter P.V.C tubing sealed at each end with 0.2mm mesh and fastened with

electrical cable ties.

On 1, December 1997, 12 bags and 12 tubes were placed randomly in
riffles at each site. The leaf bags were tethered with 9.1kg monofilament fishing
line to 25cm metal pegs that were driven into the streambed. Tubes were attached
with the same dimensioned pegs, which were threaded through the tubes and into
the streambed. The leaf bags and tubes were positioned against rocks to simulate

natural accumulations.

Four leaf bags and four leaf tubes were randomly recovered from each
stream after two weeks (14 days) (14, December), four weeks (28 days) (28,
December) and six weeks (42 days) (11. January) by collection into a kick net
(250pm mesh). Samples were preserved in 5% formalin for later laboratory

analysis.

A range of physicochemical parameters were measured at each site visit.
Temperature was measured with an Orion 122 temperature meter. Four water
velocity readings were taken midstream with a velocity head rod at each site, along
with four width and four depth measurements. The overhead cover was visually
assessed. pH was measured with an Orion 250A pH meter. Suspended solids in a
500ml water sample were measured by filtering through a preweighed Whatman
GF/C filter (pore size=0.7um) and dried overnight at 105°C, before subtracting the

filter weight and then re-weighing.
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Invertebrates in each leaf bag were sorted and enumerated by eye in a white
tray. Taxa were then identified under a 40x binocular microscope to species
(except Oligochaete and Chironomidae) using Winterbourn and Gregson (1989).
Rinsed leaves from leaf bags and leaf tubes were re-dried at 60°C until constant

weight and then re-weighed to the nearest milligram.

Data were log 10 (x+1) transformed prior to analysis where appropriate to
remove heterogeneity of variance. Differences among physicochemical measures,
landuse types and decomposition rates were analysed with two-way analysis of
variance (ANOVA) using the SAS statistical package (SAS, 1989), and Duncan
multiple range means tests with an alpha level of (P=0.05). To examine overall
trends in community structure, Detrended Correspondence  Analysis
(DECORANA) was performed using the PC-ORD statistical package (McCune &
Mefford, 1995).

RESULTS

Stream characteristics

All twelve streams were physically similar. Water temperatures in these
narrow to medium width (mean range 1.5 - 4m) streams ranged from 7.4 to 18.4°C
and had slow to medium flow rates (0.4 - 0.8m/s'). Mean depth ranged from 12 to
3lcm (Table 3.1.). pH values were circumneutral and ranged from 6.8 to 8.8.
Overhead cover was significantly higher in forested catchments than scrub and
pasture sites (F3;;=8.79, P=0.01). Substrate composition in streams of native
catchments was highly diverse and had high stability, whereas at exotic and pasture

streams substrate consisted largely of sand and therefore were less stable.

Weight loss (Leaf litter tubes)

After 14 days, scrub leaf tubes had decomposed 7% faster than native leaf
tubes (F335=7.41, P<0.001) (Fig. 3.2.). After 28 days the open canopy streams of
pasture and scrub had lost more leaf litter weight than the closed canopy streams of

native and exotic leaf tubes (Fj35=5.99, P=0.002). The leaf tubes in the open
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canopy streams after 42 days had decomposed 7-9% faster than leaf tubes from

closed canopy streams (F; 35=9.04, P<0.001).

Table 3.1. Physicochemical characteristics recorded from twelve streams draining native (beech and broadleaf/podocarp)
forests, hill country pasture, exotic (Pinus radiata) forest and scrubland catchments between December 1997 and
January 1998.

Sites Map (Ref) Mean width Mean depth Velocity Temperature pH Cover Suspended Altitude
(1:250 000) (m) (cm) (ms-1) (oC) (%) solids (mg/L)

Native

Te Arero U19 456981 2.8 (2.0-4.0) 18.25 (14-24) 0.81 9.9(7.4-122) 81 100 29.19 780
Pirua U19 465860 2.5(1.7-3.0) 19.25 (14-25) 061 104 (9.1-134) 7.4 100 34.56 720
Waihi T19 472463 2.7 (2.5-3.2) 20 (17-27) 057 13.3(11.4-16.3) 88 90 18.23 480
Pasture

Taharua U19 496945 3.1 (2.0-4.0) 24 (13-31) 0.44 121 (104-16.1) 8 0 2.96 650
Waikino T17 955566 2.5(1.5-4.0) 20 (18-22) 0.61 14.4(124-184) 69 0 62.35 360
Potungutungu T17 940583 2.6 (2.0-3.0) 21.75(18-26) 0.83 12.8(9.8-14.2) 8 0 37.68 370
Exotic

Mokauteure  T17 966674 3.1 (2.5-3.5) 225 (18-26) 0.54 13.1(11.7-154) 83 60 8.69 470
Waitapu U19 465786 2.2 (1.7-2.5) 20.5(16-23) 042 10.5(8.1-129) 81 90 41.39 540
Tangihamutu U18 623875 3.8 (3.5-4.0) 22.75(12-31) 0.68 11.1(9.4-148) 7.9 20 64.06 690
Scrub

Waiotaka T19 432562 3.6 (2.8-3.8) 21.25(16-27) 053 14.7(126-174) 68 20 41.15 370
Waimarino T19461593 2.6 (2.3-3.0) 22.25 (12-24) 084 128(11.4-141) 87 60 37.14 370
Waipehi T18 541683 3.7 (2.8-4.0) 17 (12-22) 0.52 13.4(12.9-140) 71 20 28.45 370

Weight loss (Leaf litter bags)

Weight of leaf litter bags declined in an approximately linear manner (Fig.
3.2.) and after 14 days leaf bags from exotic and native catchments had
decomposed 6-11% faster than leaf bags from scrub and pasture catchments
(F>,35=9.99, P<0.001) (Table 3.2.). After 28 days the leaf bags from exotic and
native streams had 6-14% higher weight loss than leaf bags from scrub streams.
Pasture leaf bags had the lowest decomposition rate after 28 days (F535=13.77,
P<0.001). Exotic leaf bags lost 18% more leaf weight than scrub after 42 days.
Pasture and native stream leaf litter losses were intermediate after 42 days (53%

and 52% respectively).

Scrub and native leaf bag weight losses were linear with time (F5s=68.31,
P<0.001) and (F36=44.47, P<0.001) respectively. However, exotic and pasture
leaf weight losses increased significantly between days 28 and 42 (F;2=30.37,
P<0.001) and (F26=34.72, P<0.001 ) respectively (Table 3.3.).
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Figure 3.2. (Mean +S.E.) (top) leaf bag (3mm mesh) percentage weight loss and
(bottom) leaf tube (0.2mm mesh) percentage weight loss measured in 12 streams around
Lake Taupo between December 1997 and January 1998, which drain native forest, hill

country pasture, exotic forest or scrub catchments.



Leal hitter decomposition 4%

Table 3.2. Values showing the leaf bag characteristics and the percentage of leaf weight | Iost in Days 14 28 and 42 between December 1997 and Jan uary 1998

Day 14 Day 28 Day 42
Stream Rep Originaldry Dry leaf weight Difference Weightlost  Original dry Dry leaf weight Difference Weightlost  Original dry Dry leaf weight Difference Weight lost
leaf weight (g) remaining (@) (9) (%) leaf {";‘;"gh‘ remaining (@) (g) (%) leaf {"5"9"‘ remaining (@) (g) ()

Native
Te Arero 1 9.70 7.84 1.86 19.18 10.22 7.47 2.75 26.91 12.41 7.57 4.84 39.00
Te Arero 2 10.27 7.92 2.35 22.88 12.10 7.56 4.54 37.52 13.17 6.62 6.55 49.73
Te Arero 3 12.34 9.77 2.57 20.83 11.63 7.40 4.23 36.37 8.85 4.30 4.55 51.41
Pirua 1 10.19 7.54 2.65 26.01 11.34 7.01 4.33 38.18 10.78 3.50 7.28 67.53
Pirua 2 13.26 10.81 245 18.48 10.52 7.01 3.51 33.37 8.71 2.66 6.05 69.46
Pirua 3 13.96 11.05 2.9 20.85 13.66 9.91 3.75 27.45 10.32 517 5.15 49.90
Waihi 1 11.37 8.71 2.66 23.39 10.72 7.16 3.56 33.21 13.13 6.12 7.01 53.39
Waihi 2 8.36 6.26 210 25.12 10.61 7.06 3.55 33.46 12.93 6.87 6.06 46.87
Waihi 3 11.94 8.50 3.44 28.81 11.97 7.22 4.75 39.68 12.54 7.07 5.47 43.62

Pasture

Taharua 1 11.37 10.56 0.81 7.12 9.08 7.16 1.92 21.15 9.80 4.18 5.62 57.35
Taharua 2 7.92 7.54 0.38 4.80 10.48 8.72 1.76 16.79 11.36 5.47 5.89 51.85
Taharua 3 13.46 10.79 2.67 19.84 9.36 8.32 1.84 19.66 9.23 4.03 5.20 56.34
Waikino 1 13.52 11.42 2.10 15.53 8.20 5.92 2.28 27.80 8.38 1.48 6.90 82.34
Waikino 2 9.14 7.19 1.95 21.33 10.38 8.09 2.29 22.086 10.56 2.74 7.82 74.05
Waikino 3 12.60 10.55 2.05 16.27 9.42 6.89 2.53 26.86 11.14 6.88 4.26 38.24
Potungutungu 1 10.51 8.95 1.56 14.84 15.73 13.62 2.59 16.47 9.41 6.63 2.78 29.54
Potungutungu 2 13.87 12.48 1.39 10.02 11.08 9.01 2.07 18.68 8.00 4.57 3.43 42.88
Potungutungu 3 11.53 9.46 2.07 17.95 .27 5.36 1.81 26.27 9.04 4.87 417 46.13

Exotic
Mokauteure 1 10.14 7.38 276 27.22 12.09 6.90 519 42.93 11.04 6.16 4.88 44.20
Mokauteure 2 8.48 5.82 2.66 31.37 11.39 6.66 4.73 41.53 8.08 2,27 5.81 71.91
Mokauteure 3 8.67 6.57 210 24.22 11.36 Fi 1] 417 36.71 12.35 5.53 6.82 55.22
Waitapu 1 10.80 9.02 1.78 16.48 10.01 6.58 3.43 34.27 9.83 3.92 5.91 60.12
Waitapu 2 8.49 6.25 2.24 26.38 B.49 6.25 2.24 26.38 B.95 5.64 3.31 36.98
Waitapu 3 10.15 7.30 2.85 28.08 8.00 4.93 3.07 38.38 9.86 3.02 6.84 69.37
Tangihamutu 1 8.24 5.26 2.98 36.17 8.33 4.72 3.61 43.34 9.74 2.70 7.04 72.28
Tangihamutu 2 9.02 6.92 2.10 23.28 11.33 8.43 2.90 25.60 8.76 3.89 4.87 55.59
Tangihamutu 3 10.40 8.44 1.96 18.85 11.32 7.51 3.81 33.66 8.40 1.51 6.89 82.02

Scrub
Waiotaka 1 10.69 8.13 2.56 23.95 8.40 6.15 2.25 26.79 12,61 6.76 6.05 47.23
Waiotaka 2 11.90 9.97 1.93 16.22 8.64 6.56 2.08 24.07 10.72 6.02 470 43.84
Waiotaka 3 13.37 11.57 1.80 13.46 10.73 7.68 3.05 28.42 12.16 6.93 5.23 43.01
Waimarino 1 13.58 11.74 1.84 13.55 9.82 6.41 34 34.73 10.73 6.87 3.86 35.87
* Waimarino 2 11.61 9.54 2.07 17.83 9.97 7.03 2.94 29.49 10.08 6.21 3.87 38.39
Waimarino 3 12.02 9.01 3.01 25.04 9.82 6.48 3.34 34.01 10.93 6.29 4.64 42.45
Waipehi 1 7.95 7.05 0.90 11.32 13.18 10.54 2.64 20.03 13.28 7.55 573 43.15
Waipehi 2 8.34 7.23 1.1 13.31 7.62 5.24 2.38 31.23 9.86 5.10 476 48.28
Waipehi 3 9.84 8.28 1.56 15.85 _10.83 827 256 2364 1245 7.73 4.72 37.91

6t uonisoduioosp 111 Jea|
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Colonisation of leaf bags by invertebrates

Thirty-two taxa of invertebrates were found in leaf litter bags (ranging from
7 in Potunutungu (P3) stream to 21 in Pirua (N2) and Waimarina (S2) streams) and
increased linearly with time (F>,;=7.40, P=0.003) (Fig. 3.3.) Of these, eight could
be categorised as obligate or facultative shredders; Austroperla cyrene, Oeconesus
maori, Ptilodactylidae, Zelandobius sp., Zellolessica sp., Olinga jeanae,
Hudsonema amabilis, Pycnocentria sp. as indicated in previous studies
(Winterbourn, Crowe & Rounick, 1984; Chadderton, 1988; Quinn & Hickey,
1990; Parkyn & Winterbourn, 1997).

Table 3.3. F-values, degrees of freedom and P-values (* = P<0.001) for two-way
ANOVA'’s performed on the percentage of leaf bag weight lost in landuse type and
in Days 14, 28 and 42 (Time) between December 1997 and January 1998.

Variables F-value d.f P-value

Percentage lost
v. time (Day 14) 9.99 3,35 0.0001

Percentage lost
v. time (Day 28) 13.77 3.35 0.0001

Percentage lost
v. time (Day 42) 3.43 3,35 0.02

Percentage lost
v. native 44.47 2,26 0.0001

Percentage lost
v. pasture 34.72 2,26 0.0001

Percentage lost
v. exotic 30.37 2,26 0.0001

Percentage lost
v. scrub 68.31 2,26 0.0001
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Native and scrub leaf bags had significantly higher numbers of species on all dates,
exotic less and pasture leaf bags the least (F;35=12.57, P<0.001). Chironomidae
was the most abundant taxon in all bags on all sampling occasions followed by
Oligochaeta and Potamopyrgus antipodarum. The total number of invertebrates
(Fig. 3.3.) in each landuse increased over time, with the period between days 28
and 42 having significantly higher numbers than the first and second periods
(F;35=8.46, P<0.001). After 42 days the highest numbers of invertebrates were
found in exotic leaf bags, intermediate density in native and pasture and the lowest
in scrub leaf bags, whereas shredders were significantly more abundant in native
leaf bags while scrub and exotic leaf bags were intermediate, pasture leaf bags

were lowest (F335=18.30, P<0.001).

Taxa richness

218
217
o

27

Figure 3.3. (Mean +S.E.) taxa richness per leaf bag (3mm mesh) of macroinvertebrates
collected from 12 streams around Lake Taupo between December 1997 and January 1998,

which drain native forest, hill country pasture, exotic forest or scrub catchments.
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Figure 3.3. (Mean #S.E.) total abundance per leaf bag (3mm mesh), of
macroinvertebrates collected from 12 streams around Lake Taupo between December
1997 and January 1998, which drain native forest, hill country pasture, exotic forest or

scrub catchments.

Relative abundance of invertebrate functional feeding groups differed
between landuse type and time (Fig. 3.4.). Collectors were more abundant in native
and exotic leaf bags than in pasture and scrub leaf bags (F;;5=4.65, P=0.01).
Exotic leaf bags had significantly more browsers than any other landuse type
(F335=12.59, P<0.001) (Table 3.4.). Except for a few small oligocheates and

chironomids, no animals were found in the 0.2mm mesh tubes.

Detrended Correspondence Analysis of invertebrate community
composition of leaf bags shows a clear separation of leaf bag communities
according to landuse on Axis 1 (Fig.3.5.). The DECORANA for the leaf bag
invertebrates shows that leaf bag communities within each site, regardless of the

time they were in each stream, were separated according to landuse type.
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Table 3.4. F-values, degress of freedom and P-values (* = P<0.001) for two-way ANOVA's
performed on invertebrate abundance and functional feeding groups from leaf litter bags
between December 1997 and January 1998.

Variables F-value d.f P-value
Shredders

v. landuse 18.3 3,34 0.001*

v. time 13.78 2,34 0.001*
Collectors

v. landuse 4.65 3,34 0.01

v. time 9.23 2,34 0.001*
Browsers

v. landuse 12.59 3,34 0.001*

v. time 3.62 2,34 0.04
Grazers

v. landuse 0.98 3,34 0.4

v. time 0.7 2,34 0.5
Predators

v. landuse 3.48 3,34 0.03

v. time 3.44 2,34 0.04
Filter feeders

v. landuse 7.78 3,34 0.001*

v. time 0.06 2,34 0.9

Positive correlations with axis 1 were found for taxa associated with exotic leaf
bags and negative correlations for taxa associated with native leaf bags, pasture
and scrub communities were intermediate on axis 1. Native leaf bags had higher
abundance of Aphrophila neozelandica, Austroperla cyrene, Chironomid sp. 2,
Chironomid sp. 4, Colorburiscus humeralis, Deleatidium sp., Oeconesus maori
and oligocheata. Exotic leaf bags had more Acroperla spiniger, Chironomid sp. 5,
elmidae, Potamopyrgus antipodarum, Psilochorema sp., Stenoperla prasina and
Zephlebia dentata.
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Figure 3.4. Mean relative abundance of individuals from six functional feeding groups at
(top) Day 14, (middle) Day 28, (bottom) Day 42, from streams around Lake Taupo
between December 1997 and January 1998, which drain native forest, hill country pasture,

exotic forest or scrub catchments.
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Figure 3.5 Axis | of a Detrended Correspondence Analysis (DECORANA) as a function
of axis 2 for macroinvertebrate communities collected from 12 streams around Lake
Taupo between December 1997 and January 1998, which drain native forest, hill country

pasture, exotic forest or scrub catchments.

DISCUSSION

When comparing processing of leaf material in different streams, a number
of factors govern breakdown rates such as water temperature, water velocity,
nutrients, microbial and invertebrate activity and the quantity and quality of
detritus available (Bird and Kaushik, 1992, Davis and Winterbourn, 1977; Riece,
1974; Webster and Benfield, 1986).

Leaf weight losses in tubes were the result of microbial breakdown and
leaching losses only. Leaf tubes in streams with open canopies had much faster
rates of leaf processing than leaf tubes from streams in forested catchments.
Previous studies (Campbell et al., 1992; Reice 1974; Short & Ward, 1980; Webster

& Benfield, 1986; Young et al., 1994) have shown that temperature is increased in
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open canopy streams, which in turn, enhances leaf processing. Increased levels of
nutrient inputs (which were not measured in this study) have also been shown to
increase leaf litter decomposition and to be higher in agriculturally developed
streams (Elwood et al., 1981; Kaushik & Hynes, 1971; Meyer & Johnson, 1983;
Sedell, Triska & Triska, 1975; Triska, Sedell & Buckley, 1975). Therefore it is
likely that a combination of increased temperature and higher nutrient levels in
open streams in this study may have lead to the increased weight loss in the 0.2mm

mesh leaf tubes from open canopy streams.

Leaf litter bags decomposed faster in streams which drained exotic forest
catchments. Leaf bags from pastoral and native catchments experienced similar
weight losses while scrub leaf bag weight losses were lowest. Several workers e.g.
Cummins et al., (1973), Anderson and Grafius (1975) have demonstrated the
important role played by invertebrates in the break down of leaves in streams.
Total invertebrates in this study were higher in exotic leaf bags, native and pasture
leaf bags were intermediate and scrub leaf bags were lowest. This pattern was
similar to the observed weight loss between landuse types. The link between total
invertebrate numbers and the percentage of weight lost in leaf bags, may indicate
that faster rates of processing are associated with increased abundance and biomass
of invertebrates (Anderson & Sedell, 1977; Hart & Howmiller, 1975; Petersen &
Cummins, 1974; Wallace er al., 1982). Increased leaf litter loss in exotic and
pasture leaf bags between days 28 and 42, coincided with increased invertebrate
abundance in exotic (mean increase 28%) and pasture (mean increase 29%) leaf
bags during the same period.

The low abundance of quality leaf detritus within exotic streams may have
resulted in the faster processing rates of leaf bags within these streams because of
the possible convergence of invertebrates onto a more limited food supply (Bird
and Kaushick 1992; Webster and Waide 1982). Pine litter has previously been
shown to be nutritionally inferior to other litter types (Taylor et al., 1989,
Klemmedson, 1992; Friberg & Jacobsen, 1994) and biological communities and
processes associated with allochthonous inputs may be reduced in streams draining
exotic forest (Whiles & Wallace, 1997). The leaf litter bags put into streams

represented a higher quality food resource.
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Ordination of invertebrate community composition of leaf bag invertebrates
shows a clear separation according to landuse. However, this was not the case for
invertebrate communities from benthic samples (Chapter two) which were not
separated by landuse type. Leaf bags in exotic streams had higher abundance of
Acroperla spiniger, Chironomid sp.5, elmidae, Potamopyrgus antipodarum and
Zephlebia dentata, whereas native stream leaf bags had higher numbers of
Aphrophila neozelandica, Austroperla cyrene, Chironomid sp.2, Chironomid sp.4,
Colorburiscus humeralis and Deleatidium sp. Pasture and scrub leaf bag
invertebrates were intermediate. It would seem logical that leaf bags would have a
fauna more characteristic of the time the bags were in each stream than landuse
type, however this did not occur. It appears then that invertebrates common to each
particular landuse type, colonised the leaf bags initially and thereafter community
composition in the leaf bags remained relatively similar during the experiment. It is
likely that the low abundance of good quality food in the exotic streams in this
study increased the numbers of invertebrates colonising exotic leaf bags, whereas

food resources within native forests were similar to that of the leaf bags.

In conclusion, higher temperatures and increased nutrient levels that occur
in open canopy streams are important factors influencing microbial breakdown of
leaf litter. Food resource quality and invertebrate feeding influenced
decomposition of leaf litter in 3mm mesh bags. Low abundance of quality food
within exotic streams is likely to have caused higher numbers of invertebrates to
use the supply of a more limited food item, in turn increasing invertebrate
abundance in exotic leaf bags and therefore elevating leaf litter decomposition in
exotic sites. Community composition was not effected time but was determined by

landuse type.
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GENERAL DISCUSSION

The benthic macroinvertebrate communities in the thirty-five streams
sampled around Lake Taupo did not form distinctly different groups in regards to
catchment landuse type. Previous studies (Collier, 1989; Friberg et al., 1997;
Graynoth, 1979; Harding & Winterbourn, 1995; Quinn et al,, 1997) have found
native and exotic stream community composition to be similar. However, although
there were no distinct groups, invertebrate community composition between native
and exotic streams was different in this study. Native streams had highly stable
stream beds and the lowest temperatures. Plecoptera were abundant in native
streams, which also had the highest species richness and EPT%. Exotic streams
contrast with native sites and possessed the lowest stability, species richness and
EPT%.

Increased sand in exotic streams is likely to have resulted in the reduced
total invertebrate abundance and taxa richness found at these sites (Ryder, 1991;
Waters, 1995). The fine nature of soils in this volcanic region and reduced
understory at exotic sites may have contributed to the increased levels of sand in
the substrate at these streams. Invertebrate fauna characteristic of increased
sedimentation was found at exotic sites, where Elmidae, Deleatidium sp and
Potamopyrgus antipodarum dominated communities. Native sites had abundant

Deleatidium sp., Colorburiscus humeralis and Aoteapsyche colonica (Waters,
1995).

A number of factors govern processing of leaf material such as water
temperature, current velocity, nutrient levels, microbial and invertebrate activity
and the quality and quantity of detritus available (Bird & Kaushik, 1992; Davis &
Winterbourn, 1977). Leaf litter tubes (0.2mm) were decomposed faster in open
canopy streams than closed canopy streams. Increased temperature and nutrient
levels in open canopy streams may have contributed to the elevated weight losses
experienced at those sites (Campbell er al., 1992; Elwood et al., 1981; Meyer &
Johnson, 1983; ; Sedell, Triska & Triska, 1975; Short & Ward, 1980; Young et al.,
1994). Leaf litter bags were decomposed more rapidly in exotic sites where it is

thought that the low abundance of quality food available at these sites influenced
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invertebrates to utilise the higher quality limited food resource. Exotic leaf bags
had the highest number of invertebrates in comparison to other landuse types. It is
likely that the increased invertebrate abundance at exotic streams contributed to the
increased decomposition of leaf bags (Anderson & Sedell, 1977; Hart &
Howmiller, 1975; Wallace et al, 1982).

Previous studies have noted increased shredder abundance influences the
rate on leaf litter decomposition (Whiles & Wallace, 1997; Benfield, Jones &
Patterson, 1977). In this study, native leaf bags possessed higher numbers of
shredders but this was not reflected in the decomposition rate, although native
stream leaf bag weight losses were intermediate (Bird & Kaushik, 1992).

Landuse clearly influenced the macroinvertebrate community composition
of leaf litter bags in contrast to the finding that benthic invertebrate communities
(Chapter 2) were not separated by landuse type. Landuse effects on invertebrate
communities are different throughout New Zealand and will depend on local

conditions, especially geology.
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APPENDIX 1.

Mean invertebrate abundance from four replicate Surber samples taken from 35 streams
draining native beech and broadleal/podocarp forests (N1-N10), hill country pasture
(P1-P10), exotic Pinus radiata forest (E1-E10) and scrubland (S1-S5) catchments
around Lake Taupo during January and March 1997.

TAXON N1 N2 N3 N4 N5 N6 N7 N8 N9 Ni0
Acroperia spiniger 03 03 30 03 00 00 00 15 00 00
Amphpoda A 00 00 00 ©00 00 ©00 00 00 00 00
Aoteapsyche colonica 13 130 03 00 40 163 08 43 03 00
Aphrophila neozelandica 05 03 85 08 00 00 00 00 35 03
Archichauliodes diversus 1.3 53 38 155 40 85 03 00 03 00
Austrosimulium austrolense 00 00 00 00 00 03 00 00 03 00
Austroclima sp. 00 48 00 ©00 00 00 00 00 00 0.0
Austroperla cyrene 00 00 00 10 33 80 00 18 10 05
Beraeoptera roria 0.0 03 18 20 18 13 00 00 00 05
Ceratopogonidae 03 00 10 00 00 00 00 00 00 00
Chironomid sp.1 0.0 0.0 58 0.0 0.0 0.0 0.0 0.0 0.3 0.8
Chironomid sp.2 1.8 0.0 9.5 0.5 0.0 0.8 0.0 0.0 0.0 0.0
Chironomid sp.3 53 0.3 110 33 2.0 0.5 0.0 0.0 1.5 1.3
Chironomid sp.4 1.3 0.0 53 05 0.0 0.5 0.0 0.0 0.0 0.0
Chironomid sp.5 08 00 13 03 08 05 05 00 25 28
Chironomid sp.6 00 00 00 00 00 03 00 00 00 00
Chironomid sp.7 18 03 00 1.3 00 20 03 00 00 00
Chironomid sp.8 00 00 00 00 00 00 00 00 00 00
Chironomid sp.9 00 00 00 00 00 00 00 00 00 00
Chironomid sp.10 00 00 o00 00 0O 00 00 OO 00 00
Chironomid sp.11 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 1.0 5.0
Chironomid sp.12 00 00 00 00 00 00 00 00 00 00
Chironomid sp.13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Colorburiscus humeralis 00 60 00 283 95 623 35 143 48 03
Confluens sp. 00 23 0.0 0.0 00 00 0.0 0.0 0.0 0.0
Deleatidium sp. 128 38.0 48 568 443 00 258 220 130 350
Elmidae 0.0 40 118 260 75 55 0.3 1.3 48 11.3
Empididae 0.3 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eriopterini sp. 0.3 0.0 0.0 13 135 153 80 28 0.3 3.0
Helicopsyche albescens 00 33 00 i0 00 00 00 03 00 00
Hudsonema amabilis 00 00 03 00 00 00 00 00 00 00
Hydrobiosis parumbripennis 1.8 20 1.5 2.0 1.5 15 0.0 0.0 1.0 1.8
Hydora 03 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydraenidae 00 03 00 25 03 00 00 00 00 00
Hydrobiosella sp. 0.0 0.0 0.3 0.0 0.8 1.0 0.0 0.0 0.0 0.0
Hydrometridae 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrophilidae o0 00 00 00 00 00 00 00 00 00
Megaleptaperla diminuta 0.5 5.8 0.5 53 7.0 4.3 0.3 1.0 0.8 0.5
Neocurupira hudsoni 00 00 00 00 00 00O 00 00 00 00
Nesameletus sp. 0.0 0.0 0.3 03 43 0.8 0.0 03 00 243
Neurochorema confusum 25 00 18 23 08 00 03 00 00 05
Oeconesus maori 0.0 0.0 0.0 0.0 05 0.0 0.0 0.3 0.0 0.0
Oligocheata 00 00 05 00 00 53 00 133 00 00
Olinga feredayi 03 08 23 50 00 00 OO OO0 00 00
Paranephrons planifrons 00 00 00 00 00 00 00 ©00 00 00
Paralimnophila skusei 00 00 00 ©00 00O 00 00 00 00 00
Physa acuta 00 00 00 00O 00 ©00 ©00O OO0 00 00
Potamopyrgus antipodarum 00 00 00 00 00O 00 OO0 03 00 0.0
Psilochorema sp. 03 00 05 03 00 1.0 00 08 00 35
Ptilodactylidae o0 13 08 10 28 13 03 10 03 0.0
Pycnocetrella sp. 00 00 00 00 0O 00 00 03 00 00
Pycnocentria sp. 0.0 1.0 75 0.5 0.0 00 03 0.0 0.0 0.0
Pycnocentrodes sp. 05 00 10 05 03 00 03 05 00 00
Rallidens mcfarianei 00 00O 00 03 00 OO 00O oO00 00 00
Scirtidae 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Stenoperia prasina 00 00 OO0 20 60 58 15 33 00 05
Stratiomyidae 00 00 00 00 00 OO OO0 00 00 0.0
Tanyderidae 00 00O 00 O5 18 03 03 03 00 0.0
Zelolessica sp. 00 00 150 05 08 i8 00 03 00 03
Zelandobius confusus 05 00 25 53 18 18 10 60 00 00
Zelandoperia sp. 90 00 00 00 03 23 00 03 08 53

Zephlebia dentata 00 00 185 15 03 43 30 43 00 00




TAXON P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Acroperia spiniger 00 00 00 00O 00 00 ©00 00 00 00
Amphpoda A 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 03 0.0
Aoteapsyche colonica 18 08 00 03 08 10 08 00 00 00
Aphrophila neozelandica 0.0 23 23 210 05 0.0 23 0.0 1.3 0.0
Archichauliodes diversus 00 143 58 08 45 20 15 00 00 00
Austrosimulium austrolense 00 00 00 05 00 40 00 03 00 00
Austroclima sp. 00 48 00 00 00 00 OO0 00 00 00
Austroperla cyrene 00 03 20 00 00 ©O00 03 00 00 00
Beraeoptera roria 0.0 1.8 0.0 28 0.0 0.0 0.0 0.0 0.0 0.0
Ceratopogonidae 00 00 00 03 00 00 0O 00 00 00
Chironomid sp.1 00 163 10 35 35 03 00 05 140 00
Chironomid sp.2 00 98 03 58 00 00 08 08 00 00
Chironomid sp.3 0.8 4.5 05 8.3 28 28 185 00 155 0.0
Chironomid sp.4 0.0 2.3 00 123 03 0.5 0.0 00 28 0.0
Chironomid sp.5 00 00 00 ©0O0O 08 00O 03 05 00 00
Chironomid sp.6 00 03 00 03 00 00 00 00 00 00
Chironomid sp.7 0.0 05 08 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chironomid sp.8 00 03 00 00 00 03 00 00 00 00
Chironomid sp.9 00 40 00 00 00 00 00 00 00 00
Chironomid sp.10 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chironomid sp.11 20 05 00 00 OO 00 00 00 00 00
Chironomid sp.12 0.0 0.0 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chironomid sp.13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Colorburiscus humeralis 00 40 90 00 53 138 50 00 00 00
Confluens sp. 00 0O 00 88 00 00 00 00 00 00
Deleatidium sp. 00 565 398 30 378 70.0 315 00 303 1908
Elmidae 00 460 498 173 95 75 200 0.0 3.8 2.0
Empididae 00 00 00 00 00 00 00 00 00 00
Eriopterini sp. 05 15 40 00 00 30 05 00 08 00
Helicopsyche albescens 00 00 03 03 00O 00 00 00 00 00
Hudsonema amabilis 03 00 00 ©00 OO 00 00 00 00 05
Hydrobiosis parumbripennis 05 23 13 13 05 13 00 23 3.0 00
Hydora 0.0 6.5 0.3 0.5 0.3 0.0 0.0 0.0 0.0 0.0
Hydraenidae 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrobiosella sp. 03 0.0 0.0 0.0 0.3 0.3 0.5 0.0 0.8 1.0
Hydrometridae 00 00 00 00 00 00 00 00 00 00
Hydrophilidae 00 00 00 00 00 00 00 00 00 00
Megaleptaperia diminuta 0.3 25 23 0.8 0.5 0.0 4.3 0.0 1.5 0.0
Neocurupira hudsoni 00 00 00O 03 00 00 00 00 00 00
Nesameletus sp. 00 03 03 15 00 05 00 00 00 03
Neurochorema confusum 0.3 0.5 23 1.5 0.5 0.3 1.0 0.0 0.0 0.3
Oeconesus maorn 0.8 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
Oligocheata 3.0 0.0 0.0 0.0 0.0 0.0 00 323 05 0.0
Olinga feredayi 00 25 05 23 03 00 00 00 0.0 10
Paranephrons planifrons 00 00 00 00 00 00 00 00 00 00
Paralimnophila skusei 03 00 00 00 00 00 00 00 00 00
Physa acuta 00 00 00 0O 00 00 00 170 00 0.
Potamopyrgus antipodarum 0.0 0.0 0.0 0.0 00 00 133 00 08 0.0
Psilochorema sp. 03 03 00 03 03 00 00 08 00 00
Ptilodactylidae 10 50 18 00 03 00 00 00 00 00
Pycnocetrella sp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pycnocentria sp. 00 10 03 170 05 03 03 00 0.0 123
Pycnocentrodes sp. 00 78 00 350 38 00 00 00 03 53
Rallidens mcfarlanei 00 00 o00 00 OO0 00 00 00 0.0 00
Scirtidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stenoperia prasina 00 00 20 00 00 00 03 00 00 00
Stratiomyidae 00 00 0O 00 ©0O0O 00 00 00 00 O3
Tanyderidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0
Zelolessica sp. 00 00 OO0 425 15 00 00 00 0.0 0.0
Zelandobius confusus 00 48 95 70 15 13 50 00 125 1.8
Zelandoperla sp. 00 03 10 08 00 O00 35 00 05 0.0
Zephlebia dentata 5.0 0.0 2.8 7.0 4.0 0.5 0.0 0.0 0.0 0.3
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TAXON E1__E2 E3 E4 E5 E6 E7 E8 E9 EI0
Acroperia spiniger 00 00 00O 00 00 o0O0 08 00 00 00
Amphpoda A 05 00 03 00 03 00 110 13 00 00
Aoteapsyche colonica 00 00 11.3 05 00 00 03 50 05 00
Aphrophila neozelandica 00 00 00 OO0 00 03 00 00 00 00
Archichauliodes diversus 00 00 00 00 OO 00 00 00 118 105
Austrosimulium austrolense 00 ©00 25 03 00 00 00 05 00 OO0
Austroclima sp. 00 00 00 00 00 00 00 00 00 00
Austroperia cyrene 00 00 03 00 00 00 00 00 33 13
Beraeoptera roria 00 00 00 ©0O0 00 0O 00 00 28 1.0
Ceratopogonidae 00 00 03 00 00 00 00 00 03 00
Chironomid sp.1 o0 00 00 00 00 00 00 00 00 00
Chironomid sp.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Chironomid sp.3 0.0 1.3 0.5 1.8 0.5 0.0 0.3 4.5 0.3 08
Chironomid sp.4 0.0 0.0 55 0.0 0.0 0.0 0.5 00 00 0.0
Chironomid sp.5 i3 00 03 08 00 o0C 100 78 00 OO
Chironomid sp.6 00 00 00 00 13 00 00 00 00 03
Chironomid sp.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
Chironomid sp.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Chironomid sp.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
Chironomid sp.10 060 00 03 00 00 00 00 00 00 00
Chironomid sp.11 00 00 03 00 00 03 00 03 13 00
Chironomid sp.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Chironomid sp.13 00 00 00 OO 03 00 00O 00 00O 03
Colorburiscus humeralis 13 00 00 00 0O 03 00 00 83 53
Confluens sp. 00 00 00 00 00 00 00 00 00O O3
Deleatidium sp. 00 03 00 88 60 08 03 00 483 258
Elmidae 00 15 08 30 35 08 00 08 585 428
Empididae 00 00 00 00 00 00 00 00 0.0 00
Eriopterini sp. 00 00 00 20 65 05 45 00 55 68
Helicopsyche albescens 00 00 00 00 00 00 00 00 00 00
Hudsonema amabilis 00 00 00 00 00 0O OO0 00 00 00
Hydrobiosis parumbripennis 0.0 0.0 i8 05 03 00 00 00 10 00
Hydora 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydraenidae 00 00 00 00 00 00 OO0 00 20 00
Hydrobiosella sp. 00 00 00O 00 03 00 00 00 03 00
Hydrometridae 00 00 00 00 00 00 0O 00 00 00
Hydrophilidae 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Megaleptaperia diminuta 05 00 00 1.5 20 00 50 03 38 25
Neocurupira hudsoni 00 00 00 00 00 00 OO 00 00 00
Nesameletus sp. 00 00 00 ©0O0O 00 OO OO0 OO0 30 38
Neurochorema confusum 00 00 00 00 00 00 00 00 18 00
Oeconesus maori 10 00 00 00 00 00 00 ©00 00 00O
Qligocheata 0.0 0.0 25 1.5 1.0 2.8 0.8 0.0 0.0 0.0
Olinga feredayi 00 00 00 00 00 00 03 00 10 03
Paranephrons planifrons 00 00 03 00 00 00 ©0O0 00 00 00
Paralimnophila skusei 03 00 00 00 00 00 00 00 00 00
Physa acuta 00 00 00 00 00 00 00 00 0.0 00
Potamopyrgus antipodarum 05 00 13 00 00 00 00 418 00 0.0
Psifochorema sp. 00 00 00 00 OO0 00O 20 00 00 00
Ptilodactylidae 03 00 118 03 08 08 18 00 18 05
Pycnocetrella sp. 00 00 00 00 00O OO 00 00 00 0.0
Pycnocentria sp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.5 0.0 0.3
Pycnocentrodes sp. 00 03 00 00 00 OO OO0 00 08 0.0
Rallidens mcfarlanei 00 00 00 00 00 00 00 00 00 00
Scirtidae 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stenoperla prasina 00 00 00 00 03 03 15 00 10 00
Stratiomyidae 00 00 00 00 00 OO OO0 00 00 00
Tanyderidae 00 00 00 00 03 00 00 00 20 03
Zelolessica sp. 03 00 00 08 00 00O 20 408 00 08
Zelandobius confusus 03 05 00 03 03 00 00 05 00 1.0
Zelandoperla sp. 00 00 18 13 00 00 00 00 03 05
Zephlebia dentata 110 00 808 10 05 23 218 443 13 08
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TAXON S1 S2 S3 S4 S5
Acroperia spiniger 0.0 0.0 0.0 0.0 0.0
Amphpoda A 0.0 0.0 0.0 0.0 0.0
Aoteapsyche colonica 2.5 8.5 1.5 0.0 3.5
Aphrophila neozelandica 4.8 0.5 0.0 0.0 0.8
Archichauliodes diversus 0.0 4.5 0.5 0.0 0.3
Austrosimulium austrolense 0.0 0.0 0.3 0.0 0.8
Austroclima sp. 0.0 0.0 0.0 0.0 0.0
Austroperia cyrene 1.0 1.0 0.3 0.0 0.0
Beraeoptera roria 05 0.5 0.0 0.0 0.0
Ceratopogonidae 0.0 0.0 0.0 0.0 0.0
Chironomid sp.1 11.0 0.0 0.3 0.0 08
Chironomid sp.2 0.8 2.5 08 0.0 2.0
Chironomid sp.3 13.0 23 58 0.5 6.5
Chironomid sp.4 0.0 0.0 0.8 0.0 283
Chironomid sp.5 1.5 0.0 0.0 0.0 3.3
Chironomid sp.6 05 0.5 0.0 0.0 03
Chironomid sp.7 38 4.0 4.3 0.0 0.0
Chironomid sp.8 0.0 0.0 0.0 0.0 0.0
Chironomid sp.9 0.0 0.0 0.0 0.0 0.0
Chironomid sp.10 0.0 0.0 0.0 0.0 0.8
Chironomid sp.11 08 0.5 0.3 0.3 2.0
Chironomid sp.12 0.0 0.0 0.0 0.0 0.0
Chironomid sp.13 0.0 0.0 0.0 0.0 0.0
Colorburiscus humeralis 1.3 225 15.0 0.3 6.3
Confluens sp. 0.0 0.0 0.0 0.0 0.0
Deleatidium sp. 15.3 54.3 73.0 145 61.3
Elmidae 18.8 43.3 30.8 0.5 128.5
Empididae 0.0 0.0 0.0 0.0 0.0
Eriopterini sp. 0.8 15.8 7.0 0.3 6.3
Helicopsyche albescens 0.0 0.0 0.0 0.0 0.0
Hudsonema amabilis 0.0 0.0 0.0 0.0 0.0
Hydrobiosis parumbripennis 1.3 0.8 1.0 0.0 4.3
Hydora 0.0 0.0 0.0 0.0 0.0
Hydraenidae 0.0 0.0 0.0 0.0 0.0
Hydrobiosella sp. 0.0 0.0 0.3 1.3 0.0
Hydrometridae 0.0 0.0 0.0 0.0 0.0
Hydrophilidae 0.0 0.0 0.0 0.0 0.0
Megaleptaperfa diminuta 28 0.0 0.3 0.3 0.5
Neocurupira hudsoni 0.0 0.0 0.0 0.0 0.0
Nesameletus sp. 0.0 0.0 0.0 0.0 0.0
Neurochorema confusum 38 1.5 0.0 0.0 0.8
Oeconesus maori 0.0 0.0 0.0 0.0 0.0
Oligocheata 0.0 0.0 1.3 0.0 15
Olinga feredayi 0.0 0.5 1.3 0.0 0.3
Paranephrons planifrons 0.0 0.0 0.0 0.0 0.0
Paralimnophila skusei 0.0 0.0 0.0 0.0 0.0
Physa acuta 0.0 0.0 0.0 0.0 0.0
Potamopyrgus antipodarum 0.3 0.0 0.0 0.0 03
Psilochorema sp. 0.0 03 0.0 0.0 0.0
Ptilodactylidae 0.0 0.0 0.0 0.0 0.0
Pycnocetrella sp. 0.0 0.0 0.0 0.0 0.0
Pycnocentria sp. 0.0 0.5 0.0 0.0 0.5
Pycnocentrodes sp. 03 0.5 0.0 0.0 0.0
Rallidens mcfarianei 0.0 0.0 0.0 0.0 0.0
Scirtidae 0.0 0.0 0.0 0.0 14.8
Stenoperia prasina 0.3 0.3 0.3 0.0 0.0
Stratiomyidae 0.0 0.0 0.0 0.0 0.0
Tanyderidae 0.3 0.0 0.0 0.0 0.0
Zelolessica sp. 1.8 03 0.0 0.0 05
Zelandobius confusus 0.0 6.5 05 0.3 0.3
Zelandoperia sp. 8.0 03 0.5 0.0 0.0
Zephlebia dentata 0.5 0.0 0.0 0.0 0.0
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APPENDIX 2

Mean invertebrate abundance from leaf litter bags in 12 streams draining native beech
/podocarp forests (NA1-NA3), hill country pasture (PA1-PA3),exotic Pinus radiata forest
and broadleaf (EA1-EAS) or scrubland (SA1-SA3) catchments around Lake Taupo

1997 and January 1998 between December .

TAXON NA1 NA2 NA3 NB1 NB2 NB3 NC1 NC2 NC3
Aoteapsyche colonica 0.00 0.00 0.33 0.00 0.67 0.67 000 0.67 0.33
Aphrophilla neozelandia 1.00 1.00 167 1.00 133 1.00 067 0.33 0.67
Archichauliodes diversus 0.33 033 0.00 0.67 067 0.33 067 0.33 0.00
Austroperla cyrene 0.33 0.08 200 1.00 0.00 3.33 067 1.00 1.00
Chironomid sp.1 14.33 14.08 13.67 23.33 20.00 17.33 28.00 38.33 24.67
Chironomid sp.2 6.33 14.08 14.00 12.67 10.00 10.33 10.67 9.67 9.67
Chironomid sp.3 567 6.17 633 533 333 433 133 4.33 7.00
Chironomid sp.4 467 392 933 333 7.00 7.33 233 6.67 0.00
Chironomid sp.11 11.33 13.83 9.33 15.67 21.33 17.00 23.00 21.67 22.67
Colorburiscus humeralis 0.67 0.17 2.00 067 0.00 1.00 0.00 0.33 0.33
Deleatidium sp. 2.00 050 3.33 233 0.00 500 3.00 000 5.67
Eriopterini sp. 2.33 058 167 3.67 0.00 3.00 4.00 0.00 2.33
Hydrobiosis parumbripennis  1.00 0.50 0.00 1.00 0.67 0.00 0.33 0.67 0.00
Hydrophilidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00
Megaleptaperla diminuta 1.67 217 200 1.00 1.00 1.00 033 0.33 0.67
Oeconesus maori 0.33 0.08 0.00 0.00 1.00 0.33 0.67 0.67 0.33
Oligocheata 7.33 6.83 6.67 6.67 8.00 11.33 13.33 14.67 23.00
Olinga feredayi 0.00 125 000 0.00 267 1.833 1.00 267 1.67
Potamopyrgus antipodarum 2.00 0.50 3.33 2.33 0.00 533 267 133 8.67
Ptilodactylidae 0.67 242 167 067 3.67 2.00 2.00 267 200
Stenoperla prasina 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.67
Zelandobius confusus 2.33 1.08 267 367 1.00 467 500 233 5.00
Zellolessica sp. 0.00 125 0.00 0.00 1.33 0.00 0.00 3.67 0.00

TAXON PA1 PA2 PA3 PB1 PB2 PB3 PC1 PC2 PC3
Aphrophilla neozelandica 0.33 0.08 1.00 0.67 0.00 0.00 0.00 0.00 0.00
Austroperla cyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67
Ceratopognidae 1.00 025 0.00 0.67 0.33 0.00 033 0.00 0.00
Chironomid sp.1 13.33 11.08 10.33 12.00 16.67 11.33 19.67 22.00 13.67
Chironomid sp.2 7.00 5.00 9.00 6.00 11.00 6.67 16.67 14.67 2.67
Chironomid sp.3 7.00 475 7.00 467 9.67 0.00 10.00 10.67 6.67
Chironomid sp.4 3.33 533 800 633 233 1167 3.00 5.00 7.33
Chironomid sp.11 13.00 9.75 14.00 14.33 23.33 14.67 9.00 10.00 19.00
Deleatidium sp. 1.67 242 3.67 233 200 0.00 0.00 2.00 0.00
Elmidae 0.67 0.92 233 0.33 0.67 0.00 0.00 0.00 0.00
Eriopterini sp. 1.00 025 0.00 1.33 0.00 0.00 267 0.00 0.00

Hydrobiosis parumbripennis 0.67 0.67 0.00 0.33 0.67 0.00 1.00 0.00 0.00
Megaleptaperla diminuta 0.00 075 0.00 0.00 067 0.00 267 1.00 0.00

Oligocheata 233 7.08 400 200 11.67 233 6.00 24.33 3.00
Potamopyrgus antipodarum 1.33 14.58 0.00 2.67 27.33 0.00 0.00 56.33 0.00
Pycnocentrodes sp. 1.00 025 0.00 0.33 0.00 067 0.00 0.00 0.00

Zelandobius confusus 200 150 3.00 233 3.33 4.00 333 233 4.00
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TAXON EA1 EA2 EA3 EB1 EB2 EB3 EC1 EC2 EC3
Acroperla spiniger 0.67 0.17 0.00 1.33 0.00 0.00 1.00 0.33 1.33
Archichauliodes diversus 0.00 0.00 0.00 0.00 0.00 0.00 0.33 1.00 2.67
Chironomid sp.1 18.00 13.75 9.33 18.00 23.33 16.33 23.00 16.00 30.33
Chironomid sp.3 7.67 13.92 12.00 11.67 21.33 10.33 9.00 12.00 13.00
Chironomid sp.4 0.00 1.75 0.00 1.33 1.67 300 3.33 2.33 3.33
Chironomid sp.5 18.67 11.42 25.67 18.00 11.00 9.67 13.67 21.67 22.00
Chironomid sp.11 15.00 18.00 12.33 18.33 9.67 9.67 18.00 20.33 14.67
Elmidae 3.67 517 133 500 7.00 267 6.00 6.00 4.67
Eriopterini sp. 1.00 0.25 0.00 167 0.33 267 200 3.00 5.33
Hydrobiosis parumbripennis  0.00 0.25 0.00 0.00 0.33 0.00 1.00 067 0.33
Megaleptaperla diminuta 0.33 0.33 0.00 067 067 0.00 1.67 1.00 5.67
Oligocheata 3.00 325 1.00 500 4.00 1.00 567 167 4.33
Potamopyrgus antipodarum 10.00 4.75 5.67 13.67 4.33 7.00 2267 4.00 7.33
Psilochorema sp. 0.00 0.00 0.00 0.00 0.00 0.00 067 0.33 0.67
Ptilodactylidae 433 1.08 0.00 533 0.00 0.00 3.00 2.33 4.00
Stenoperla prasina 033 0.33 0.00 133 2.00 1.33 2.00 2.00 2.00
Zelandobius confusus 1.67 217 233 233 3.00 467 233 267 2.00
Zephlebia dentata 0.00 0.00 0.67 0.00 0.00 3.33 067 1.33 2.00

TAXON SA1 SA2 SA3 SB1 SB2 SB3 SC1 SC2 SC3
Aoteapsyche colonica 0.33 0.08 033 033 067 033 1.00 033 1.00
Archichauliodes diversus 0.33 0.08 000 1.00 0.67 1.00 067 067 0.67
Austroperla cyrene 0.67 0.17 000 067 0.00 033 067 033 0.33
Chironomid sp.1 12.67 6.67 10.00 12.00 9.33 6.33 1833 9.00 8.33
Chironomid sp.2 11.00 8.50 16.67 12.67 11.67 12.67 11.67 5.33 14.67
Chironomid sp.4 367 7.67 500 100 1.00 1.33 8.33 7.00 5.00
Chironomid sp.5 467 1.42 1.00 16.67 19.67 2.00 3.67 7.67 14.33
Chironomid sp.11 8.00 21.00 4.67 10.00 20.00 9.67 24.00 7.67 6.67
Ceratopogonidae 233 158 1.00 033 1.00 2.00 1.00 1.00 2.67
Elmidae 067 192 133 0.00 0.00 0.00 6.67 5.00 4.67
Eriopterini sp. 1.00 175 1.00 1.00 433 6.00 333 1.33 1.67
Hudsonema amabilis 0.33 0.33 0.00 067 1.33 0.00 1.00 0.67 0.33
Oligochaeta 0 0 0.00 0.00 0 0.00 367 167 267
Qlinga feredayi 1.33 158 233 267 1.00 2.67 267 3.00 0.00
Physa acuta 0.00 0.00 0.00 0.00 0.00 5.67 000 1.33 1.00
Potamapyrgus antipodarum  1.67 242 233 367 6.00 467 7.00 367 5.33
Pycnocentria sp. 0.33 0.08 0.67 0.00 000 1.00 1.33 0.33 0.00
Pycnocentrodes sp. 0.67 0.42 0.67 0.00 0.00 0.00 1.00 0.33 0.00
Stenoperla prasina 0.00 0.50 0.33 0.00 1.33 0.00 033 1.00 0.33
Zelandobius confusus 167 092 1.00 1.00 233 1.33 367 4.67 5.33

Zellolessica sp. 0.00 050 0.00 0.00 1.00 0.00 1.00 0.33 0.00






