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Executive Summary

Headwater streams too small to appear on 1:50diiftaphic maps account for a high proportion of
total stream length in the landscape. Although tbiégn have aquatic invertebrate communities that
are distinct from higher order streams, and coutetsignificantly to regional biodiversity, unmappe
(or zero-order) streams are commonly overlookesliiveys of stream biodiversity. Such streams are
highly vulnerable to degradation due to land usanges, or re-engineering. In many new urban
developments in Wellington, cut and fill methodse¢alaim land are resulting in extensive piping of
headwater streams. In rural areas of the Wellingégiion, headwater streams are affected by habitat
degradation from livestock access. Describing tiwogical values of headwater streams is an
essential first step to protecting them from furthiediversity loss.

The aims of this study were 1) to describe the tguavertebrate communities of unmapped
headwater (zero-order) streams in native foresthoa¢nts at a number of sites across the Greater
Wellington region, in comparison to those of neaffirgt-order streams, 2) to determine the
contribution of headwater streams to regional,amdbscape-level, biodiversity, and 3) to develop a
standard method for sampling headwater streamsasselssing their macroinvertebrate communities
and ecological values. The headwater streams wgrected to be intermittent, i.e., without flow in
summer, whereas the first-order streams were esgéotbe perennially-flowing. Sites were labelled
accordingly, though their actual flow regimes waot known until the end of the study. Six streams,
from Porirua to near Masterton, were visited firsNovember 2009. At this time, parameters of the
physical habitat and water quality of the streanesewmeasured, including the length of stream
channel (upstream of a fixed marker) with flowingater or wet sediments. Benthic
macroinvertebrates were sampled in perennial atednittent sites, and from wet sediments near the
channel head, and loggers to record the presensartszice water were placed at intermittent sites.
Sites were re-visited in April 2010, when the exteh surface water was re-measured and water
loggers were retrieved.

Four of the six study streams showed signs of nmteézncy (loss of surface water flow) at times
between November 2009 and April 2010. On two obéhstreams, bed sediments up to the channel
head remained wet even after surface flow had sthppPn the two streams where flow did not cease,
at the sites labelled “intermittent”, surface wateas reduced to a thin film in April 2010.
Intermittency in these headwaters may be greaer tthis in some years and less in others.

Across all sites, the density of aquatic inverted®savas very similar in intermittent and perennial
habitats, but significantly higher in the wet seeim habitat. “Alpha richness”, i.e., richness per
sample, of aquatic invertebrates and of EPT taxa slightly higher in perennial than intermittent
habitats. In wet sediments, invertebrate richneas eomparable, but EPT richness appeared to be
somewhat reduced compared to intermittent and pexemabitats.

Aquatic biodiversity values of headwater streamthenWellington region iv
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Perennial, intermittent and wet sediment habitaashehad a distinct invertebrate community
composition. The community composition of each telype was distinct across all streams, despite
the large geographic distances (up to 70 km) betveteams. Wet sediment sites were characterised
by a higher proportion of Diptera (mostly Chironadiaé and Tipulidae) and lower proportions of EPT
taxa (including absence of Ephemeroptera) tharother habitat types. The community at perennial
sites had relatively even percentages of Diptephelmeroptera, Crustacea and Mollusca, and had
some EPT taxa that were absent from other halyi&tst The compaosition of intermittent sites was
intermediate between that of wet sediments andofiyagrennial sites.

Patterns of taxon richness between streams suggibstieintermittent sites may add to the landscape-
level diversity of aquatic invertebrates in Welliog region. However, it was not clear whether the
wet sediment sites also contribute to regional iberdity.

The biodiversity value of these headwater sites fuaher underscored by the presence of several
habitat specialists and several taxa of speciat@wmation interest. Five caddisfly taxa found iis th
study are seepage specialists, another five anerknaainly from seepages and small streams, and the
giant bush dragonflyJropetala caroveiappears to show affinity for stream sources (wlaichoften
seeps or springs). Two uncommon caddisfly taxa@aredtaxon with a highly-restricted distribution
were found, and one stonefly species was recordethé first time in the North Island. Ten taxa
found at these sites are considered obligate fomstlers, showing the importance of native forest
around headwater streams for maintaining the iebeate community composition in pristine
condition.

Assessing the ecological health and value of hetdvaireams requires test sites to be paired with
comparable reference sites. The Index of Biotiedrity, a multi-metric that incorporates reference
sites, is recommended as a suitable tool for asgessological health, though it is expected tddss
sensitive in headwaters than in larger streams.Stleam Ecological Valuation (SEV) is likely to be
suitable for assessing ecological functioning addwaters, though it is not validated for internmtte
sites.

Aquatic biodiversity values of headwater streamthenWellington region v
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I ntroduction

Though often overlooked, headwater streams are mcailg important in stream
networks. For example, Storey & Wadwha (2009) esiah that across Auckland
region, perennial streams too small to be incluoied:50 000 topographic maps total
7200 km, representing 44% of perennial stream keimgthe region, and intermittent
(seasonally dry) streams add a further 4500 krheddtal stream length.

In recent years headwater streams have receivedasiog attention, with several
North American and Mediterranean studies highligittheir local- and landscape-
level importance (Freeman et al., 2007, Meyer .eR8I07, Wipfli et al., 2007, Maasti
et al., 2008, Clarke et al., 2008). Headwater steeenay harbour unique species of
aquatic invertebrates. Intermittent headwatersparticular, often have a different
fauna from nearby perennial reaches, sometimesdimg endemic species, due to the
extreme environmental constraint of seasonal dryfmg., Dieterich & Anderson
2000; Muchow & Richardson 2000). Typically, a sedleadwater or intermittent
stream has lower invertebrate diversity than aglasgream, i.e., the “alpha diversity”
of headwater streams is relatively low. Howeverduse headwater streams often
differ from one another in their physical and cheahicharacteristics, invertebrate
diversity often is greater among headwater strethiars among larger streams, that is,
the landscape-level, or “gamma”, diversity is oftagh among headwater streams
(Clarke et al., 2008). Thus, the contribution oath@ater streams to landscape-level
diversity may be greater than indicated by the rditaz or richness at a single site.

In New Zealand, there have been few studies of et streams, but those few
indicate that headwaters typically have high biedsity values. Storey & Quinn
(2008) found 95 taxa of aquatic invertebrates,udiclg 8 mayfly, 6 stonefly and 16
caddisfly species, in stony-bottomed intermitterdgadiwaters in Hawke's Bay.
Similarly, Parkyn et al., (2006a) found the aquatieertebrate richness in “non-
perennial” headwater habitats was only slightly dowhan that in nearby perennial
streams in the Waikato region. Even where surfageemis reduced to a thin film,
aquatic biodiversity may be high, and in fact sinabitats may harbour endemic
species (Collier & Smith 2006). Collier et al., () found that in Hamilton City,

seepage habitats harboured about 30% of the knoaddisfly diversity, and

concluded that these small habitats play an impbrtale in maintaining aquatic
biodiversity in an urban area.

Headwater streams are under significant pressutieeiWellington region. In urban
areas the cut and fill methods used in many dewedops to reclaim land are resulting

Aquatic biodiversity values of headwater streamheWellington region 1
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in extensive piping of headwater streams. In rarals headwater streams are affected
by habitat degradation from livestock access.

To better protect headwater streams in the nexomag plan, information regarding
the ecological values of headwater streams in tleflivgton region is needed. In
addition, there is a need for identification of nstard sampling and assessment
methods for headwater streams which can be usedrfgoing regional council
monitoring or as part of ecological assessmentsdosent applications.

To our knowledge, no previous studies in Wellingt@gion have described the
invertebrate community of headwater streams that tao short to appear on
topographic maps, or those that run dry in sumibe first two aims of this study
were 1) to describe the benthic macroinvertebratsmd of such streams in native
forest catchments, in comparison to the fauna rgela(mapped) first-order streams,
and 2) to determine the contribution of headwaterasns to regional, or landscape-
level, biodiversity. The reason for focusing onefsted sites was to determine the
faunal values of unimpacted streams, providing seli@e to which the values of
streams affected by human activities can be cordp&féort was made to include the
range of aquatic habitats occurring from the chbhhead to the confluence with a
mapped stream, including wet sediments, flowing stilttwater habitats. The third
aim of the study was to develop a standard metboddmpling headwater streams
and assessing their macroinvertebrate communiié®eological values.

Aquatic biodiversity values of headwater streamheWellington region 2
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2. Methods

2.1 Sites

The six streams chosen for study were all in neswral condition, with catchments
and riparian zones predominantly in native for@$te streams represented a broad
geographic spread (Fig. 1, Table 1, Appendix 1)stnh@ing located on the outskirts
of the Porirua, Hutt and Eastbourne urban areaswmulocated in the Wairarapa, up
to 74 km from the peri-urban streams. According the River Environment
Classification, all streams drained steep valleith Ward sedimentary rock, but were
located in a variety of climate types (Table 1).

Table 1: Study streams, with map coordinates (NZ Map Gridg &River Environment
Classification properties (abbreviations: cool extivet = cool, extremely wet; low
elev = low elevation; hard sed = hard sedimentaigh grad = high gradient).

Stream name Easting  Northing Climate Source Geology Valley
of flow landform
Kiriwhakapapa 2724995 6041298  cool extrm hill hard sed high grad
wet country
Korokoro trib 2667510 5999335 cool wet low elev hard sed high grad
Rimutaka 2702312 6009004 cool wet low elev hard sed high grad

Takapu Wahia 2662914 6007317  warm dry low elev hard sed high grad
Waiwhetu trib 2675680 5998696 cool wet low elev hard sed high grad

York Bay 2670493 5991214  warm wet low elev hard sed high grad

Aquatic biodiversity values of headwater streamheWellington region 3
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Figure 1: Map of Wellington region showing locations of stgiies.

On each stream, a sampling site was located in efatiree different habitat types,
based on the conditions observed on the first fiedd in November 2009. Near the
channel head, a “wet sediment” site was locataderstream channel (or in the valley
bottom if a stream channel was not defined) whetinsents were wet but there was
no surface water. An “intermittent” site was locht®5-350 m downstream of the
channel head where surface flow was present buewgected to cease during the dry
part of the year. A “perennial” site was locatedesal hundred metres downstream (in
most cases, below a confluence with another trbutar on an adjacent stream,
where stream flow was expected to persist throughiwa year. All perennial sites
were located on small, first-order streams so @mfar as possible, differences in the
invertebrate fauna were due to intermittency rathan stream size.

22 Data collection

R. Storey (NIWA) and S. Warr (GWRC) collected détam stream sites in early
November 2009 and again in late April 2010. In Nuober 2009, water
physicochemical parameters were measured in th dgng a Hach HQ40d multi-
meter. Channel morphology was measured with a nséitds, and riparian shading by
visual estimation. Stream bed substrate was claiset using a “Wolman walk”
(Wolman, 1954), whereby 50 or more particles waokga up randomly from the

Aquatic biodiversity values of headwater streamheWellington region 4



_NIWA_—

Taihoro Nukurangi

stream bed and classified according to Wentwortle silasses (sand/silt <2 mm,
gravel 2-16 mm, pebbles 16-64 mm, cobbles 64-256 bwnlders >256 mm, or
bedrock). On each stream, the channel head wadgifiddnas the point where
sediments became dry and/or there was a defiratesitron from a smooth valley
bottom to a channel cut by water. This point waske with a spray-painted dot, and
the distance from there to the intermittent sites waeasured with a tape measure.
Flow and channel types (Table 2) occurring oves tiistance were recorded.

At each intermittent sampling site a “water loggerds placed in the centre of the
stream channel (Fig. 2). These loggers, which weoglified temperature loggers,
recorded the presence or absence of surface watke istream channel at 12-hourly
intervals.

In late April 2010, all sites were re-visited by Warr. The water loggers were
retrieved, and the lengths of different flow typmscurring between the intermittent
site and the channel head (as marked in Novemi#9)2@ere measured with a tape
measure.

Figure2: Loggers placed in the stream beds at intermittiées $0 record the presence/absence
of water at daily intervals.

Aquatic biodiversity values of headwater streamheWellington region 5
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Codes for recording channel and water flow types.

Obvious Slow flow Isolated No water, Dry
flow or pools moist
standing sediments
water

Channel incised, definite 1A 2A 3A 4A B5A
banks, no terrestrial veg.
No banks, stream bed 1B 2B 3B 4B 5B
substrate, no terrestrial veg.
No banks or stream substrate, 1C 2C 3C 4C 5C

terrestrial veg.

Invertebrate sampling

Invertebrate samples were collected in Novembe® 280 intermittent and perennial
sites, invertebrates were collected by disturbirgdtream bed sediments and organic
matter over a 0.4 frarea, and sweeping the disturbed area with ardri5nesh hand
net. Within the sampled area, effort was made ¢tuite the full variety of substrate
and flow types present (e.g., cobbles, gravel, peaks, large wood, slow-flowing and
fast-flowing areas). This procedure was repeatecktwore at each site, giving three
replicate samples at each site in each stream.

At the wet sediment sites, the lack of surface wetquired a different method. At
these sites, two replicate 10 cm-diameter circlesewmarked on the ground, and
sediments and organic matter inside these cirdtess depth of 0.5-1 cm, were
scooped into a single plastic pottle, giving onmgla per site.

All samples were preserved on site in 70% isoprafydhol and sent to EOS Ecology
(Christchurch) for sorting and identification.

Data analysis

Differences in invertebrate density (log (x+1)-sormed to improve data normality)
and taxon richness (square-root transformed) weadysed by analysis of variance
(ANOVA) using SPSS v1I™. When comparing perennial to intermittent sit@g-t
factor ANOVAs were used, with habitat type (i.¢owf permanence) and stream as the
two factors. However, when comparing wet sedimenpérennial and intermittent
sites, one-factor ANOVAs were used (with habitgtetyas the one factor; replicates at
each intermittent and perennial site added toggthecause wet sediment sites had
only one replicate on each stream. Differencesveitebrate community composition

Aquatic biodiversity values of headwater streamheWellington region 6
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between sites were displayed with multidimensi@ealing (MDS) on the log(x+1)-
transformed density data, and differences betwéden were analysed for statistical
significance with ANOSIM, using Primer™s. Species accumulation curves were
plotted using th&obs method in Primer 6™%bs plots the increasing number of taxa
observed as samples are successively pooled. Aupetion routine was used to
smooth the accumulation curve by entering samplesndom order, repeating the
process 999 times and averaging the results.

Aquatic biodiversity values of headwater streamheWellington region 7
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3. Resaultsand discussion

31 Physical characteristics of study streams

At the perennial sites, the six streams were Q8-in wide, 0.013-0.1 m deep and
with an estimated discharge of 0.3-2.5 L/s (TaBleK¥iwhakapapa and Waiwhetu
were about 10 times larger than other perennies sit terms of discharge, due to the
difficulty of finding smaller suitable sites on #& streams. The Rimutaka perennial
site was smaller and closer to the intermitter #iin other perennial sites were, also
because this was the most suitable site.

At the intermittent sites, the six streams wer&@AB8 m wide, 0.008-0.4 m deep and
with an estimated discharge of 0.05-0.2 L/s (T&)le

At the perennial sites, stream beds were composestlynof gravels, pebbles and
cobbles, except for Rimutaka, which was 52% sand silt (Fig. 3). At the
intermittent sites, stream beds were composed ynostand/silt, gravels and pebbles,
and at the wet sediment sites, the stream bedsmastly sand/silt with some gravel.

The system for classifying channel and water flgpes (Table 2) did not describe
Wellington headwater streams as well as the Aucklatreams for which it was
designed (Wilding and Parkyn 2006). Whereas thel\water streams surveyed by
Wilding and Parkyn (2006) were low-gradient andt$ofttomed, the headwater
streams in the present study were mostly very sitedpdlominated by gravels, pebbles
or cobbles. In Auckland headwater streams, disadedepools, up to a metre or more
long and more than 10 cm deep, typically occurretivben the channel head and
where obvious flow began (Fig. 4a). In contrastMallington headwater streams, the
stream became progressively shallower and narraeeme approached the channel
head. There was a gradual transition between ob\low and wet sediments, where
the stream reduced to a film of water (Fig. 4b)places, flow disappeared below the
stream bed surface for several metres before engem@gain. Thus, in this study,
streams near the channel head were physically airtdl the seepages sampled by
Collier et al., (2009).

Aquatic biodiversity values of headwater streamheWellington region 8
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Table 3: Basic physical characteristics of stream sitesnobBhdimensions, stream discharge
and riparian shading.

Stream Habitat Width Bankfull Max Discharge  Riparian
(m) width (m)  depth (m) (L/s) shade %
Kiriwhakapapa PER 1.13 6 0.013 2.5 90
INT 0.88 2.2 0.024 0.07 90
WETSED 90
Korokoro PER 0.87 1.52 0.098 0.3 80
INT 0.25 1 0.008 0.05 90
WETSED 90
Rimutaka PER 0.34 0.99 0.06 0.3 90
INT 0.52 0.88 0.03 0.2
WETSED 80
Takapuwahia PER 0.8 1.95 0.055 0.7 80
INT 0.52 1.46 0.014 0.05 80
WETSED 85
Waiwhetu PER 1.15 2.4 0.105 2.1 85
INT 0.45 1.482 0.043 0.1 65
WETSED 85
York Bay PER 0.9 1.65 0.094 0.7 70
INT 0.56 0.98 0.098 0.07 70
WETSED 80

Aquatic biodiversity values of headwater streamheWellington region 9
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Kiriwhakapapa Korokoro Rimutaka Takapuwahia Waiwhetu York Bay
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Figure3: Stream bed composition of the six streams as ptrgenof particle size classes.

Abbreviations are: PER = perennial; INT = interenit; WETSED = wet sediment.

Aquatic biodiversity values of headwater streamheWellington region 10
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Figure4: A. Disconnected pool in Auckland headwater stredran( Wilding and Parkyn
2006); B. stream width and depth gradually decieé®eards the channel head in a
Wellington headwater stream (Takapuwahia).

Aquatic biodiversity values of headwater streamheWellington region 11
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3.2 River flowsand rainfall during the study period

In an average year, river flows at GWRC monitorsitgs near the study streams are
highest in October and/or July, and lowest in MaochApril (Fig. 5). In 2009-10,
monthly mean river flows were higher than averagjanast monitoring sites in
October, December and January, due to heavy rairnSctober and January, but
mostly less than average in the other months (Bigsid 7). In the months when we
visited the stream sites, river flows at GWRC mariitg sites were 60-75% of long-
term average flows in November and 30-75% of I@rgataverage flows in April. It is
expected that stream flows at the headwater siteddabe lower than average by a
similar amount.

45
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Figureb5: Mean monthly flows at Greater Wellington Regionau@cil river monitoring sites
averaged over the last 9-10 years (bars), and ®9-20 (lines). Red arrows indicate
times of spring and autumn field visit. Monitorirsites are labelled by the study
stream closest to them. Actual flow monitoring sisanes were: Pakuratahi at Truss
Bridge (Rimutaka), Waiwhetu at Whites Line East (Weetu/Korokoro), Porirua at
Town Centre (Takapuwahia) and Mangatarere at Gfgavhakapapa/ Rimutaka).
No monitoring sites were near York Bay.
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33 Intermittency and seasonal changesin stream habitat lengths

On all streams, the water level declined and thgtleof stream lacking surface water
increased between spring and autumn (Table 4). Fnermtermittent sampling site to
the channel head, obvious flow (flow code 1) wasspnt in spring but was replaced
in autumn by slow flow/standing water, isolated Isoar moist sediments (codes 2, 3
or 4, respectively; Table 4). In autumn, surfaceéewan this reach of each stream was
present only as pools or as a film <1 mm deep.|&hgth of dry sediments increased
noticeably from spring to autumn on only two streaffiakapuwahia and Waiwhetu,
as indicated in Table 4 by a decrease in totahstreength. However, the length of
unsaturated wet sediments (where surface wateatbsent) increased on at least four
of the streams. The water table where the watageigwere located dropped below
the stream bed surface in Takapuwahia, Rimutakawiédu and York Bay streams
more than once during summer, and (in the latteretkstreams) for an extended period
in autumn (Table 4).

Aquatic biodiversity values of headwater streamheWellington region 14
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Table 4. Lengths of intermittent sections, from sampling g the point where the stream bed surface setsnaea dry, and periods of time when
surface water was absent where water loggers weatdd. The end of the survey (“end”) was 20-221Apr

November 2009 (Spring) April 2010 (Autumn) Water absent at loggers
Stream Length dry sections Flow/channel codes Length dry sections Flow/channel
(m) present (m) codes present
Kiriwhakapapa 142 60-82 m 1A, 1B, 4B 145 2A, 2B, 4A, 4B,
4C
Korokoro 116 30-45m 2B, 4B, 4C 116 2A, 4A, 4B
Rimutaka 175 1A, 1B, 1C 175 2A, 2B, 4B 9 Mar, 21 Mar, 7 Apr-end
Takapuwahia 315 1A, 1B, 2A, 2B, 4A, 4B 151 2A, 4A, 4B 17 Nov, 9 Mar
Waiwhetu 150 1A 127 0-4 m, 28-38 m 2A, 4A 18-22 Jan, 2 Feb-end
York Bay 335 90-105m, 150-174 m 1A 335 160-178 m, 216-255m  2A, 3A,4A %g Dec-15dJan, 20-23 Jan,
Jan-en

Aquatic biodiversity values of headwater streamthenWellington region 15
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34 Water physicochemical characteristics

In November 2009, dissolved oxygen was above 9.JL rfabout 90% saturation) at
all sites (Table 5), indicating that oxygen was limotting for aquatic life at any site at
the time of measurement. This is not surprisingegithe high surface area:volume
ratio of these small channels, which would allowidagas exchange with the
atmosphere. Where water depth is very shallowudase flow continues, oxygen is
unlikely to become limiting during the critical sumr season. However, in pools
where water flow ceases during summer, oxygen neptne limiting if the pools
accumulate decaying leaves. Water temperatureslg Tgbwere low, as would be
expected for shaded forest streams that probalelycksely connected to ground
water. Water temperatures were well within the reotee limits of aquatic
invertebrates at the time of measurement (Quinal.etl994), and, given the heavy
shading of these sites, would be unlikely to exce®drance limits even in mid-
summer. Conductivity varied widely between sitassgibly indicating some maritime
influence at sites near the coast (e.g., Takapwwahd York Bay). pH was close to
neutral at all sites.

Table5: Water physicochemical parameters at perennial (RER)intermittent (INT) sites on
the six study streams in November 2009.

Stream Habitat D.O. Temperature Conductivity pH
(mg/L) (°C) (uS/cm)
Kiriwhakapapa PER 10.7 10.3 79 7.50
INT 10.5 10.0 72 7.42
Korokoro PER 10.5 11.1 247 7.34
INT 10.2 12.1 305 7.27
Rimutaka PER 10.2 11.3 101 7.44
INT 10.7 10.9 98 7.05
Takapuwahia PER 9.7 12.1 418 7.50
INT 9.8 11.2 538 7.52
Waiwhetu PER 111 10.2 141 7.50
INT 11.1 10.2 143 7.32
York Bay PER 10.8 10.5 298 7.42
INT 9.9 10.6 231 6.60
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35 I nvertebrates

351  Density

The mean density of aquatic invertebrates amongpétennial sites (2650Anwas
similar to that among the intermittent sites (2867)/ though invertebrate density was
more variable among the perennial sites (Fig. &).sinificant difference between
perennial and intermittent habitats was found ;£0.12, p=0.74). In the wet
sediments, however, the density of aquatic investels (average 86007mwas
significantly higher than in perennial or interraiit habitats (5,~=7.539, p=0.005).
This pattern among sites is similar to that foumaimilar New Zealand studies (e.qg.,
Parkyn et al., 2006a, Parkyn et al., 2006b, Stetesl., 2009), though the densities
found in the present study were higher than wereigdly found previously (e.g., 2-
10 times higher than corresponding native foréessn Wilding and Parkyn (2006)).
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Figure8: Average density of aquatic invertebrates (+S.D.pr@gnthe six streams in perennial,
intermittent and wet sediment habitats. Lettersvalmars indicate results of Tukey’s
HSD post-hoc test; bars that share a letter arsignoificantly different to each other.

352 Alphataxon richness

Alpha taxon richness, the average richness of agiuratertebrate taxa per sample,
was only slightly lower in intermittent than in panial sites (average 29.4 vs 33.3
taxa per sample; Fig. 9), but the difference wamicant (R 3~6.8, p=0.016).
Average richness of EPT taxa also was significafglyer in intermittent than in
perennial sites (Fig. 9;:k16.4, p<0.001). Alpha taxon richness in the welirsent
sites could not be formally compared to intermittand perennial sites, since the
sample area was about seven times smaller. Giaratlower number of taxa would
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be expected in a smaller area, taxon richness én vilet sediments appeared
comparable to that in intermittent and perennidbifadss. EPT richness, however,
appeared to be lower than expected on this basis.

In Auckland and Waikato headwater streams studiaskin et al., 2006a; Parkyn et
al., 2006b), the same patterns in taxon richnedsE®T richness appeared, though in
these studies, taxon richness in wet sediment siges only slightly lower than in
perennial and intermittent sites.
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Figure9: Average invertebrate taxon richness and EPT (Epteptera, Plecoptera and

Trichoptera) richness per sample (+S.D.) among ghe streams in perennial,
intermittent and wet sediment sites. Letters ablo&es indicate results of Tukey’'s
HSD post-hoc test; bars that share a letter arsigoificantly different to each other.

353 Community composition: higher taxa

With respect to the higher taxa (orders, classdgpagla), a characteristic community
composition could be identified for each habitgieyperennial, intermittent and wet
sediment). In perennial sites, invertebrate % abood was evenly distributed among
several major taxa, Diptera, Ephemeroptera, Craataod Mollusca each comprising
10-30% of the fauna (Fig. 10). Trichoptera, Pleeapiand Acarina were consistently
present in lower densities, and Oligochaeta ocdumdow numbers in all samples.

Rimutaka had a somewhat different community comjoosto the perennial sites on

other streams, appearing more like an intermitsget This is probably because (due
to a lack of more suitable locations) the Rimutpkeennial site was located only 150
m downstream of the intermittent site. During thevBimber survey stream discharge
at the perennial site was only 50% greater thaheatntermittent site, and during the

April survey, surface water at the perennial sigssweduced to a thin film, as it was at
the intermittent site. By contrast, on other stregperennial sites were downstream of
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confluences or on neighbouring streams where digehaas at least 6 times greater
than at the corresponding intermittent site (Tale

Intermittent sites were dominated by Diptera (mpod@ihironomidae) (Fig. 10).
Acarina and Crustacea occurred fairly consisteaiypng sites, as did Ephemeroptera,
Plecoptera and Trichoptera in lower numbers. Moluand Oligochaeta accounted
for a significant proportion of the community innse streams, but were almost absent
from others. Intermittent sites appeared to bernmeeliate between perennial and wet
sediment sites in terms of their community compasiby higher taxa, in particular
EPT taxa (Fig. 11) and Diptera.

Wet sediments were dominated by Diptera (mostly@itamidae), while Acarina and
Crustacea occurred fairly consistently in lower bens (Fig. 10). Other taxa, e.g.,
Mollusca, Oligochaeta and other non-insects (nedesteplatyhelminthes), were
patchy, occurring abundantly in some streams, ibltw numbers in others. In these
respects, the invertebrate composition in wet sedtsmwas similar to that at the
intermittent sites. The main differences betweenttto habitat types were the greater
dominance by Diptera, and the much lower proporabEPT in the wet sediments
(Fig. 11) In the wet sediments, Ephemeroptera wenepletely absent, and Plecoptera
and Trichoptera accounted for >1% of the commumitynly two streams.
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Figure 10: Composition of the invertebrate community in perahnintermittent and wet

sediment sites of the six study streams calculasepgercent abundance of higher taxa
(orders, classes and phyla).
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Abundance of EPT (Ephemeroptera, Plecoptera archdptera) as percent of total
invertebrate abundance at perennial, intermittadtveet sediment sites. Letters above
bars indicate results of Tukey's HSD post-hoc téestis that share a letter are not
significantly different to each other.

Community composition: lowest taxonomic units

The perennial, intermittent and wet sediment h&biwach had a characteristic
community composition that was distinctly differett each other habitat type.
Despite the wide geographic separation betweersithastreams, samples from the
different streams were grouped together by halbyis¢ and separated from other
habitat types along Axis 1 of the multidimensiorsglaling plot (Fig. 12). The

composition of the intermittent sites was internagglibetween that of the perennial
and wet sediment sites. The only exception to dhisrall pattern was the Rimutaka
perennial site, which had a community compositionermediate between the
intermittent and wet sediment habitats. When theeritebrate density data were
transformed to presence-absence or percent congmostmilar patterns appeared in
MDS plots, indicating that the pattern was not @niwnly by differences in abundance
between species or between sites.

Wet sediment samples were more widely spread thaset from intermittent or
perennial sites, indicating that community compositvas more variable among wet
sediment sites. Except for the Rimutaka perenraatpde, perennial samples were
about as widely spread as intermittent. SIMPER yamal confirmed that with
Rimutaka sites removed, average within-group shitylavas 67.7% for intermittent
sites, 67.8% for perennial sites and 56.9% forseeliment sites.
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Certain taxa (e.g., Chironominae, Ostracoda, Ol#udoae and?otamopyrguswere
present in high densities at all sites, occurrimgily slightly higher densities in the
wet sediment habitat than in the other habitateefOtaxa (e.g., Acarina, Oligochaeta,
Nematoda, Ceratopogonidae, Eriopterini, HexatomiRiaradixa Tanypodinae,
Zelandotipula and Collembola) were more frequently found andéand in higher
densities in wet sediment than in intermittent ergmnial sites. Some taxa were
frequently found and/or abundant in wet sedimetdgssbut were absent or almost
absent from perennial sites (e.gdpercivalia Pseudoeconesus$spaniocercoides
Dolichopodidae, ThaumelidagelandotipulaandParadixg.

Perennial sites were characterised by some taxavdre absent from intermittent and
wet sediment sites, all of which, except for Lurlatde and Elmidae, were EPT taxa:
Coloburiscus Zelandoperla Austroclima and NesameletusLikewise, intermittent
sites were characterised by certain taxa that wbsent from wet sediments, almost
all of which were EPT taxaZephlebia Deleatidium NeozephlebiaPsilochorema
OrthopsychePolyplectropusSpaniocercaStenoperlaandAustroperla Wet sediment
sites were characterised by absence of many tatavire common at perennial and
intermittent sites. Almost all were EPT taxa, bubme beetles (Elmidae,
Ptilodactylidae and Hydraenidae) also were abgent ivet sediments. No mayflies,
and only two stoneflies Spaniocercoidesand Taraperld were found in wet
sediments. Several caddisfly taxa were found, nioslibnging to the family
Hydrobiosidae Edpercivalia Hydrochorema and Hydrobiosig, but the only
caddisflies in wet sediments with more than 1-2ividdials per sample were
PseudoeconesadPycnocentria forcipata
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Figure 12: Multi-dimensional scaling plot of community compii@n (as invertebrate density) in

perennial (PER), intermittent (INT) and wet sedinefWsS) sites. Stream
abbreviations are Kiri (Kiriwhakapapa), Koro (Koark), Rimu (Rimutaka), Taka
(Takapuwabhia), Wai (Waiwhetu), York (York Bay).

355 Taxa of special interest

Habitat specialists

A number of taxa collected in this study are oftipatar interest because they are
specialists of very small streams and seepages.rii&ans they depend for survival on
habitats similar to the headwaters surveyed ingtidy.

Among the taxa collected in this study, five cafldisaxa are considered seepage
specialists (Collier et al., 2009; B. Smith, NIWAgers. comm.). These include
Hydrobiosis spatulata as well as most species of the gend&dpercivalig
Diplectrong Cryptobiosellaand Pseudoeconesudn this study, three of these taxa
were collected only from intermittent and wet seglinsites, while two were found
also in the perennial sites. The large, charismaigh dragonflylUropetala carovei
found at one intermittent site, is not describe@ agepage specialist, but nonetheless
appears to be most common near the source of str@afimstanley and Rowe 1980).
For the stonefly genuSpaniocercoidesMcLellan (1991) gives no habitat notes &r
philpotti (the species found in this study) but says theugencludes a seepage
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specialist and two species that inhabit the hyporbene (subsurface gravels beneath
stream beds). The latter specialty is thought tarbadaptation to intermittent waters.
In this study,Spaniocercoidesvas found only at intermittent and wet sedimetdssi
The stoneflyCristaperla fimbriaalso tends to inhabit the hyporheic zone (McLellan
2000), thus is well-adapted to survive in interamittstreams. In this study it, too, was
found only at intermittent sites.

Another five taxa found in this study are knownintbabit both seepages and small
streams. These include the caddisfl&slandobius illiesi the two most common
species ofPolyplectropus(P. altera and P. aurifuscg, Triplectidina moselyiand
Pycnocentria forcipataln addition, the lacewinglempynuss a semi-aquatic species
that is common in seepages, spray zones and owdhenargins of small streams.
However, in this study, all of these taxa were fbun perennial sites as well as
intermittent and/or wet sediment sites.

Rare or geographically restricted taxa, and new records

A few taxa in this study are of conservation ins¢érdue to their rarity or their
restricted geographic distribution. Among these the stoneflyZelandobius illiesi
(collected at Kiriwhakapapa and York Bay intermittesites) and the caddisfly
Diplectrona(collected at various perennial and intermittetas3, which are relatively
widespread but uncommon throughout their range. stbeefly Cristaperla fimbria
(collected at York Bay intermittent) is mostly aufio Island species, and may be close
to the northern limit of its range in Wellington ¢Mellan 2000). The stonefly
Spaniocercoidegound in this study was identified & philpotti This species is
known only from the South Island (McLellan 2006&)ettefore this collection appears
to represent a new record for the North Islandaliymthe caddisflyCryptobiosella
sp. (collected at Kiriwhakapapa intermittent andR/Bay intermittent) may belong to
one of threeCryptobiosellaspecies whose distributions include the Wellingtmaa
(C. furcatafrom the Tararua Range§, spinosafrom the Rimutaka Ranges, atd
hastatafrom Coromandel to Westland). The first two ofddehave highly restricted
geographic distributions while all three are knodnmom very few specimens.
Therefore, the presence Gfyptobiosellain the study sites is of conservation interest
regardless of which species it represents.

In addition to these taxa, several others colleatethis study had not been collected
previously for State of Environment monitoring inet Greater Wellington region
(EOS Ecology, unpubl. data). These included thedisfites Zelolessica cheira

Triplectidina moselyiPseudoeconesigp. andEdpercivaliasp., and the neuropteran
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Kempynus spAmong thesePseudoeconeswsnd Edpercivaliaare genera with some
species listed in Collier (1992) as of particulanservation interest due to their rarity
or restricted distributions. It would be worth idiéying the specimens collected in
this study to species level to determine whethgrlelong to rare or geographically
restricted species.

Overall, rare or geographically-restricted taxaegppd to be more common at the
intermittent sites than at wet sediment or perdrsities. York Bay and Kiriwhakapapa
appeared to be particularly rich in these taxa.

Forest-dependent taxa

Some of the taxa found in these forested headwatersonsidered to be obligate
forest stream-dwellers. This means they would Hékelg to survive if forest were
removed from around the streams they inhabit. Thaga includeOrthopsyche
fimbriata, Edpercivalig Triplectidina moselyi PseudoeconesusCryptobiosella
Diplectrong Hydrochorema crassicaudatum Philorheithrus agilis, Nesameletus
flavitinctus and the charismati®Jropetala carovei(Winstanley and Rowe 1980,
Collier et al., 2009, Winterbourn et al., 2006).

3.5.6 Contribution of headwater habitatsto regional biodiversity

In section 4.3.2, “alpha taxon richness”, the nundfetaxa within each sample, was
discussed. “Gamma taxon richness” is the numbetagd found among all the
samples collected for each habitat type. If alpblaness is low, gamma richness may
still be high if each sample has a somewhat diffeassemblage of taxa.

The relationship between alpha, beta and gammanasshis shown in Figure 13.
Alpha richness, the average number of taxa in giesisample, is the value at the left-
hand end of each curve. Gamma richness, the totaber of taxa collected among all
samples, is the value at the right-hand end of eacke. Beta richness, the degree of
difference between samples, is shown by the slbpaah curve.

In this study, the perennial habitat had both higliegha and gamma richness than the
intermittent habitat. However, perennial and intétent habitats combined had
slightly higher gamma richness than the perenradlitht alone, suggesting that the
intermittent habitats add to regional diversity afjuatic invertebrates. This is
consistent with the multidimensional scaling piehich indicates that the community
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composition among the intermittent sites was sona¢wdifferent to that among the
perennial sites.

The alpha and gamma richness in the wet sediméitahavere lower than in the
other two habitats, and the richness of the intkéemi and wet sediment habitats
combined was lower than the intermittent habitahal However, caution must be
exercised in comparing the wet sediments to therpeal and intermittent habitats,
due to the smaller habitat area sampled in thesediments. The multidimensional
scaling analysis indicates that the community casitfom of the wet sediments was
distinctly different to that of the perennial amtermittent habitats, and included some
taxa not found in the latter. Also, there were tgedifferences among streams in the
wet sediment habitat than in the perennial andrniteent habitats, indicating high
beta diversity. Therefore, although Fig. 13 sugpésat the wet sediment sites do not
contribute greatly to the regional diversity of aga invertebrates, their contribution
may be greater than appears.
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Figure 13: Taxa accumulation curves for each habitat type @mdbinations of habitat types.

Abbreviations are: PER=perennial, INT=intermittew{S=wet sediments. Note that
the curve for wet sediment is not directly compseaio curves for perennial and
intermittent habitats due to the smaller sampla arevet sediments (0.062°ws. 0.4

2
m°).
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4.  Summary of results

1. At the sites labelled “intermittent”, surface waten all six of the study
streams was reduced to (at most) a thin film inilAp010. Four of the six
study streams showed signs of intermittency (Idssuoface water flow) at
times between November 2009 and April 2010. On siream, surface flow
was lost for only two days, but on the other thfemy ceased for two weeks
or more. However, on two of these streams, bedvs=ds up to the channel
head (as defined in November) remained wet evemvgueface flow had
stopped.

2. Based on data from nearby flow and rainfall momigrsites, stream flow in
both spring and autumn is likely to have been bedoerage at all sites, but
heavy rains are likely to have increased flowsaoahes sites during January,
which is usually the driest month. Therefore, stefavater flow may not
cease every summer at these sites, but may ceadenfyer during some
summers.

3. Spot measurements of water physicochemical parasneted the heavy
shading by riparian vegetation suggested that wataperature and pH are
unlikely to limit the invertebrate fauna able tchabit these perennial or
intermittent sites. Oxygen may become limiting dgrisummer in isolated
pools where decaying leaves accumulate, but notentuater flow persists.

4. The density of aquatic invertebrates was very simih intermittent and
perennial habitats, but significantly higher in wstdiments, though the
sampling method was different in the wet sediments.

5. Alpha (per-sample) richness of aquatic invertelsrated of EPT taxa was
slightly higher in perennial than intermittent Haks. In wet sediments,
invertebrate richness was comparable, but EPT eshnappeared to be
somewhat lower than in the habitats with surfaceewa

6. Perennial, intermittent and wet sediment habitaé&&€hehad a distinct
invertebrate composition. The composition of eaam@e was more similar
to others of the same habitat type than to otherthe same stream, despite
the large geographic distances between streams.

7. Wet sediment habitats were characterised by a higraoortion of Diptera
(mostly Chironomidae and Tipulidae) and lower pmipos of EPT taxa
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(including absence of Ephemeroptera) than the ottaditat types. The
community at perennial sites had relatively evemcgmtages of Diptera,
Ephemeroptera, Crustacea and Mollusca, and had Edtiietaxa that were
absent from other habitat types. The compositionntdrmittent sites was
intermediate between those of wet sediments arehpil sites.

8. Patterns of taxon richness between streams sudg#sie intermittent sites
may add to the landscape-level biodiversity of #guanvertebrates in
Wellington region. However, it was not clear whethliee wet sediment sites
also contribute to regional biodiversity.

9. Five caddisfly taxa found in this study are seepgEgrialists, another five are
known mainly from seepages and small streams, tandiant bush dragonfly,
Uropetala carovei, appears to show affinity for stream sources. Two
uncommon caddisfly taxa and one taxon with a higéstricted distribution
were found, and one stonefly species was recordethé first time in the
North Island. Ten taxa found at these sites aresidered obligate forest-
dwellers, showing the importance of native foresiuad headwater streams
for maintaining a diverse invertebrate communitgrefeteristic of undisturbed
sites.
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5. Recommended methods for ecological assessment of intermittent
streamsin Wellington

51

52

Importance of reference sites

Very little data has been collected on aquatic rielrate communities of headwater
streams and their spatial and temporal patternsil Bgeneral understanding has
developed of the communities expected in suchsged is important that each test
site is referenced to a comparable site in nativest. As data accumulate on such
reference sites, regular spatial and temporal pett@ay emerge that reduce the need
for further reference site sampling. At that poateference site database may provide
sufficient comparative data for test sites.

In this study community composition did not vaneatly with geographic distance,
suggesting that it may not be critical for referersttes to be very close to test sites.
Therefore, if reference sites close to the tesisséire hard to find, the current data
suggest that it is preferable to use references sitene distance away from the test
sites rather than those that are geographicallechut differ in terms of hydrological
regime or physical habitat. However, because spedistributions typically show
some spatial pattern, and rainfall and stream f@tterns vary geographically, it is
recommended that reference sites be as close aghlpoto test sites, for reasons
described below.

For some stream types, e.g., lowland, low-gradsénetams, it may be difficult to find
comparable reference sites in native bush. In ¢hse, if the test site has similar
physical habitat (in particular, stream bed pagtiikze) to a steeper-gradient reference
site, the steep reference site may be appropoaisd. If the test site is soft-bottomed,
it may be appropriate to use reference site data #uckland (Parkyn et al., 2006a)
or Waikato (Parkyn et al., 2006b, Storey et al0Q90 These options will have to be
judged on a case hy case basis.

Selecting and describing appropriate sites

Current knowledge of headwater and intermitten¢astrs indicates that the benthic
invertebrate community depends strongly on ceraipects of water flow. First, the
community varies with water width and depth, patacly when depth is very low;
wet sediments and seeps can harbour a distincttétorate community (e.g., Collier
et al., 2009). Therefore, it is very important teanure water width and depth of the
study streams, and to include both wet sediment flowding water habitats in a
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survey. Second, the invertebrate community varigis te relative length of wet and
dry periods. Therefore it is important to descnifdeether, and for how long, water
flow ceases during the year. Ideally, this shoudddescribed by deploying water
loggers for up to one year, including the driestqukof the year. If this is too time- or
labour-intensive, flow intermittency of each sitencbe characterised by measuring,
relative to a fixed marker, the length of strearthvaurface water at two times of year
— once during the wet period of the year (July-©Oetd and once during the driest
period (February-April). Because rainfall and stnefow vary from year to year, it is
also important to note whether the year of measen¢nvas drier, wetter or similar to
average rainfall.

Reference sites should be chosen that are as siasil@ossible to the test sites in
terms of water width and depth, and the timing mdjth of the dry period. The latter
may be difficult to ensure until the sites are walbwn. But the chance of finding
comparable sites can be improved if reference esidsites are both a similar distance
downstream of the channel head and on streamssuaiitar geology, topography and
aspect. Sampling at more than one location aloadetingth of each stream also would
improve the chance of sampling comparable sitesallyi because of year-to-year
variability in stream flow, the reference sites @dobe sampled in the same year as
the test sites.

In sites with limited riparian vegetation, or thoskere fallen leaves accumulate in
slow-flowing areas, water physicochemical paranseteray become limiting for
aquatic invertebrates. However, oxygen and tempexatypically become critical
during summer, oxygen during the night and tempeeain mid-afternoon. Therefore,
to capture the critical values of these parametkey, must be logged over at least one
24-hour period or measured at dawn and mid-aftermosummer. Since invertebrate
sampling typically will be done in daytime duringpater months, note that
measurements of water physicochemical parametersairlikely to capture critical
peaks and troughs. Recording other site detaitd) as the amount of instream algal
and macrophyte growth, leaf litter accumulationd aiparian shading, may be more
useful than direct water physicochemical measurésnien estimating whether water
parameters may limit certain invertebrate taxardydritical periods.

5.3 Sampling and sampleidentification

The power of a statistical test relates to the cbaf finding a statistically significant
difference between “treatments” (e.g., land-usdégssetc.) if in fact there is a
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biologically significant difference between thenorfnost ecological studies, a power
of 0.8, i.e., an 80% chance of detecting this diféérence, is considered sufficient.

In the present study, three replicate samples4fi®.each were taken at intermittent
and perennial sites. Based on the variability intricee such as %EPT and total
richness between replicates and streams in thity,sand between land use types in
comparable studies (e.g., Storey et al., 2009timate that four replicate samples of
0.25-0.3 m each should be sufficient to detect ecologicaltyniicant differences
between a reference intermittent or perennial aited one with some human impact.
Four 0.3 m samples will give greater statistical power thare¢ 0.4 rh samples
while requiring little more sampling or processeffprt. For the wet sediment habitat,
there are no data for within-site variability, bbdsed on the variability of the
intermittent and perennial sites, | expect that f@plicate “scrape” samples of 10 cm
diameter each will be sufficient to detect bioladiig significant differences between
sites.

Headwater streams tend to harbour a higher pragpmoxf small invertebrate taxa
(particularly Diptera) than larger streams. Sampigbe current study contained more
small animals than most State of Environment moimigpsamples (Alex James, EOS
Ecology, pers. comm.) Therefore | would recommesidgia sampling net with mesh
size of 0.25 mm. A mesh size of 0.5 mm could belysevided it is recognised that
in using the larger mesh size, a higher proportbranimals will be missed in
headwater stream samples than in most SOE mormgteamples.

In this study we identified many of the insect tat@a species level. This is
recommended to answer research questions abobioitigersity values of headwater
streams. However, for resource consent applicatigenus-level identifications
should be sufficient.

Invertebrate densities can be very high in headwsiteams, leading to long sample
processing times if full counts are used. If thdeba of Biological Integrity is used to
compare reference and test sites, quantitative tcmumethods will be required.
However, sample sorting effort can be reduced kiygus fixed count (first 200
individuals) followed by a scan for rare taxa (Boml P2, Stark et al., 2001).

54 Time of year

In an intermittent stream, the benthic invertebca@munity changes as invertebrates
recolonise the stream habitat during the first faanths after water flow resumes in
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autumn (Storey and Quinn, 2008). Therefore, study eeference sites should be
sampled not less than three months after flow resu(hO-year average river flow
data suggest headwater streams are likely to redlomvein late April or May), and
before drying begins (probably around Decembeanimverage year).

55 Assessment of macr oinvertebrate community health

Little is known of the spatial and temporal pattenn invertebrate communities
inhabiting headwater and intermittent streams. H@awgt is known that such streams
have higher proportions of Diptera and non-inseats] lower proportions of EPT
taxa, than larger, perennial streams. For thessonsathe normal scoring ranges for
standard assessment metrics such as the Macra@hreteé Community Index (MCI)
are unlikely to be appropriate (although such roesdores may still be used in
relation to reference site scores, as in the lmdd3iological Integrity, below).

Assessment of the macroinvertebrate community hedlheadwater and intermittent
streams must incorporate comparison with a referesite. A suitable metric is the
Invertebrate Index of Biotic Integrity (IBI), based the method of Plafkin (1989) and
modified for New Zealand streams by Quinn et &Q00). The invertebrate IBI is
actually a multi-metric, combining taxon richnes3MCI, %EPT density, EPT
richness, community loss index (a metric that asseshe proportion of taxa in
common between reference and test sites) and tbeofgiion of “shredder”
invertebrates in the community. For each of thesgios, the IBI calculates a score as
a percentage of the value at the reference sitedbmbines the percentages to give a
single overall percentage score. Ranges of finatescare defined as unimpaired,
slightly impaired, moderately impaired or severighpaired. | recommend using the
method as described in Quinn et al., (2009), cedlim Appendix 1. However, it is
important to note that because there are fewer B8R in headwater and intermittent
streams, %EPT, EPT richness and QMCI scores falvietar reference sites will be
lower than for reference sites in larger strearee (Bable 8, Appendix 1). Therefore
these metrics will be less sensitive indicatorshabitat degradation in headwater
streams than in larger streams.

5.6 Assessment of ecological value

The above method may be used to assess ecologiadh.hin order to assess the
ecological value of headwater streams (i.e., theefits they provide to the wider
stream network), a variety of ecological functistsould be considered, including
hydrological, biogeochemical, habitat provision dmndtic functions. A suitable tool
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that assesses ecological functions is the Streasto@ical Valuation (SEV; Rowe et
al 2008). SEV has been applied successfully in gemgll headwater streams (Storey
et al., 2009), though it was noted that native goreference sites did not score highly
for all functions. In particular, the lack of flogolains in headwaters reduced the
scores of three functions. Therefore, as with measwf ecological health, SEV
assessments for test sites must be reported allenassessments for reference sites.

SEV has not been validated for intermittent sitlesrefore, | advise caution in using it
for sites that go dry seasonally.
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6. Recommendationsfor further research

This brief study has shown that headwater and mitemt streams in Wellington

region have distinct aquatic invertebrate commasijtiincluding some uncommon
taxa. Smith (2007) and Collier et al., (2009) fowtdsimilar sites in Hamilton that a
large number of insect taxa missed by benthic sag@ould be collected as adults
using light traps. Therefore, to better assessbibdiversity values of Wellington

headwater streams, | recommend sampling theseagiés using light traps.

This study has given a “snapshot” view of inveréé®drcommunities in headwater
streams at a single point in time. To better charge the seasonal and year-to-year
variability in these headwater streams, | recommeskating the sampling during
summer low-flows as well as during winter, and iredand wetter years. Data on the
temporal changes in invertebrate communities wdljile context for interpreting the
results of one-off surveys conducted for resoumesent applications.

In order to understand the impacts of land use gdaon biodiversity values, |
recommend sampling headwater streams in diffeagrat-lse types, for example, open
pasture, urban, and sites protected by ripariartegign buffers.

Finally, note that intermittent reaches may ocauhmher-order streams as well as in
headwaters. Higher-order intermittent streams argiest to different ecological
processes from intermittent headwaters (Storey @uehn 2008), therefore are
expected to have difference biological values atalogjical dynamics. | recommend
these reaches as worthy of a separate study.
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9. Appendix 1. Sitelocations and photographs
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Figure 1: Kiriwhakapapa: locations of intermittent and peliahrsites (top) and photos of
intermittent and wet sediment sites in Novembett{no).
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Figure2: Korokoro: locations of intermittent and perenniigs (top) and photos of intermittent
and wet sediment sites in November (bottom).
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Figure 3: Rimutaka: locations of intermittent and perenniedss(top) and photos of intermittent
and wet sediment sites in November (bottom).
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Figure4: Takapuwabhia: locations of intermittent and perenmsides (top) and photos of
intermittent and wet sediment sites in Novembett¢ino).
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Figure5: Waiwhetu: locations of intermittent and perennitdss(top) and photos of intermittent
and wet sediment sites in April (bottom).
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Figure6: York Bay: locations of intermittent and perenniigéés (top) and photos of intermittent
and wet sediment sites in November (bottom).
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10. Appendix 2 Method for calculating invertebrate Index of Biotic
Integrity (1BI)

The invertebrate Index of Biotic Integrity (IBI) i'ecommended for assessing the
ecological health of the invertebrate communitias headwater and intermittent
streams. The IBI presented here is derived fronfkidlg1989) and modified as in
Quinn et al., (2009).

Six metrics describing different aspects of theeit@brate community are calculated:
taxon richness (the number of taxa present in tmanaunity), QMCI (quantitative
macroinvertebrate community index; Stark 1985, J99&EPT density (% of the total
invertebrate abundance belonging to insect ordgrseBeroptera, Plecoptera and
Trichoptera), EPT richness (number of EPT taxa), abundance of shredders
(invertebrates that feed by shredding coarse pdateE organic matter) and CLI
(community loss index). CLI is calculated as thenber of taxa at a reference site
minus the number of taxa in common between theerfe and test site, divided by
the number of taxa at the test site.

Except for %EPT density, metric scores are condedepercentages by dividing the
score at the test site to that at the refereneés$itThis is not done for %EPT as it is
already a percentage. Metric scores as % of rafersite scores are then assigned a
value of 0, 2, 4 or 6 according to Table 6. The fialues are then combined to give a
total value between 0 and 30. These combined sepeeagain divided by the score at
the reference site(s) to give overall % valuesclvtian be reported as percentages or
in the categories non-impaired, slightly impairedoderately impaired or severely
impaired according to Table 7.

Scores of these metrics calculated for the natwest sites in this study are given in
Table 8.
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Table6: Scoring system for combining the four metrics ugethe invertebrate Index of Biotic
Integrity. For each metric, a score falling withthe range indicated in the
corresponding row is given the score (0-6) for #@lumn in bold type at the top of
the table. Abbreviations are: QMCI, quantitativecnagnvertebrate community index;
CLI, community loss index.

Metric Biological condition scoring criteria

6 4 2 0
Taxon richness >80% 60-80% 40-60% <40%
QMCI >85% 70-85% 50-70% <50%
%EPT density >75% 75-50% 25-50% <25%
EPT richness >90% 80-90% 70-80% <70%
% shredders >50% 35-50% 20-35% <20%
CLI <0.5 0.5-1.5 1.5-4.0 >0.4

Table7: Scoring system and impairment categories for fiBakcores.

% compared to Biological Attributes
reference condition
site(s) category
>83% Non-impaired Comparable to the best situation expected in an

ecoregion. Balanced trophic structure. Optimum
community structure (composition and dominance) for
stream size and quality.

54-79% Slightly impaired  Community structure less than expected. Composition
(taxon richness) lower than expected due to loss of
some sensitive taxa. Percent contribution of tolerant
forms increases.

21-50% Moderately Fewer species due to loss of most of the sensitive
impaired taxa. Reduction in EPT taxa.

<17% Severely Few species present. If high densities of organisms,
impaired then dominated by a few tolerant taxa.
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Table8: Values for IBI metrics from native forest site.
Metric Wet sediment Intermittent Perennial
Total richness per 0.4 m? 17.0+3.9 29.4+35 33.3£7.0
sample
EPT richness per 0.4 m? 1.8+2.1 8.8+2.3 13.146.1
sample
% EPT abundance 2.7+4.1 10+8.2 27.7£17.3
QMCI 3.9+1.3 3.610.5 4.4+0.8
% shredder abundance 1.6+1.6 2.2+1.9 7.0+6.5
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