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Introduction
Remediation(NZ) Ltd operatesa compostingfacilityin the HaehangaValley, Uruti (previouslyownedby
Perry Environmental Ltd who was preceded by Global Vermiculture Ltd). Raw materials are trucked to the

site for composting, on a purpose built composting pad for a period of 35-40 days. Synthetic hydrocarbon
contaminated drilling muds and cuttings are also received on site. They are piled up and the liquids are
allowed to drain, then blendedwith greenwasteand other organicmatter. Composted material is
transported offsite bytrucks to Remediation(NZ) Ltd'sworm farming operationsat WaitaraRoadand
Pennington Road.

This survey is the fourth fish surveyundertaken in the HaehangaStream, in relation to this site.It was
included for the firsttime in the 13-14 monitoring period as a replacement forthe late summer
macroinvertebrate programme, as flow rates have been slowly reducing overtime, inhibiting
macroinvertebrate sample collection. On this occasion,the fish surveywas undertaken concurrent withthe
spring/earlysummer macroinvertebratesurvey. Results from previous surveys are detailed in the references.
Fish surveys are useful long-term indicators of ecosystem health, as most fish live longer than a year, and as

such mayreflectchronicimpactsfrom thecompostingsite, shouldthere beany.Thefirstfewsurveyswill
provide results, whichcan be comparedto those from subsequentsun/eys. This will allowthe fish

communityto beassessedatthat pointintime, and overtime it will alsoallowan assessmentofany
change in community health. Fish communities can be influenced by operations at the composting site,

principallyrelatedto thedischargeofwastewaterfrom the site(andthequalitythereof), butalso by
changesin instream habitatThebanksofthe HaehangaStreamare highlyunstableandsupport little inthe
wayofriparianvegetation (withtheexceptionofrankgrass).Asa result,thereis significantbankslumping
in areas. Shouldthe stream be fenced and planted in a waythat adequatelyprotects the banksand stream
channel, it is likelythat the fish communitywould improve.

Methods
In this survey, three sites were surveyed in the Haehanga Stream. Site 1 was located upstream of all
composting and waste disposal activities, site 2 was located immediately downstream of the lower irrigation

area,whilesite3 waslocatedjust upstream ofStateHighway3. Detailsofthe sitessurveyedaregivenin
Table 1 and the locations of the sites surveyed in relation to the site are shown in Figure 1.

Thefish populationsweresampled usingfykenets (Photo 1) andgeeminnowtraps.At eachsite, fivegee
minnow traps were set, and baited with Marmite. They were set overnight, among macrophytes or

alongsidewoodydebris.Two fyke nets werealso set at eachsite, a standard mesh (25mm) net and a fine
mesh (13mm). The standard mesh was set downstream, in attempt to intercept any large eels moving up

from downstream. Both fyke netswerebaitedwithfishfood pellets. Thesenetswerealsosetovernight.All
fishcaughtwereidentified,countedand measured,andanyeels longerthan 300mmwereweighed,using
electronic scales that measured to the nearest 20 grams. All nets and traps were deployed on the afternoon
of 14 December 2016, and retrieved midmorning on 15 December 2016.

In additionthe nets andtraps set in the HaehangaStream, two gee minnowtraps werealso set in the
unnamedtributary, upstream ofthe wetland discharge.This is the firsttime thistributarywassurveyed, and
was done to gain some understanding of what may inhabit this area of the catchment.

Table

Sampling sites surveyed in the Haehanga Stream in relation to the Remediation NZcomposting
operations
Site code

Location

HHG000093

Upstream of all composting and waste water irrigation areas

HHG000150

30 meters downstream of Remediation NZ irrigation area

HHG000190

50 metres upstream of State Highway 3 bridge

Figure 1 Locationofthethree samplingsites in relationto compostingandwastewaterirrigationareas.

Photo 1

A fyke net, set at site 2, Haehanga Stream.

Results and Discussion
On the day that the nets were set, a localised rain event caused flows to increase in the Haehanga Stream.

This also resulted in the dischargeof sediment-contaminatedstormwater into the HaehangaStream,
resulting in discolouration.Although discolouration is frequently noted in this catchment, the degreeof
discolouration at sites 2 and 3 was particularly severe, where it was described as brown and dirty. However,
at site 1 (upstream of the site), which had only slightly elevated flows, there was no obvious discolouration.

Thechangein waterclarity is shown in Photo 2. All sites contained moderate fish habitat,with deep pools,
and macrophyte beds, although site 2 only had macrophytes on the edge. The substrate ofthe surveyed
pools comprised primarily of thick silt, with some large logs present at site 3. All sites had at least some
undercut banks, but there was no overhanging vegetation at any site, other than long grass.

Watertemperatures recorded duringthe macroinvertebratesurvey, conducted on the sameday, ranged
from 15. 3 to 17. 2 °C. It should be noted that water temperatures have been recorded as high as 28. 3°C in
this stream, well above the thermal preference, and near to the maximum thermal tolerance of a number of

native fish species (Richardson, Boubeeand West, 1994)), butthe rain event that precededthe current
survey resulted in much lower temperatures.

The previous (December 2015) survey observed seven dead eels at, and downstream of site 2. In addition, a
macroinvertebrate sample collected upstream of site 2 on the same day smelt of hydrocarbons, and that

there wasa hydrocarbon sheen noted on the surface.This follows on from the observations made during
the December 2014, when hydrocarbons were released from the sediment at site 3. No such observations
were made during the current survey.

It is worth noting that the macroinvertebrate sun/ey undertaken on the first day of the fish survey found
that macroinvertebrate communities of seven mainstem sites and two unnamed tributary sites were of
average to above average health, with significant recovery noted downstream of the site and irrigation area.
The full results of the fish survey are shown in Table 2.
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Photo2 Waterclarityat site 1 (top) and atthe culvert nearthe composting pads(bottom). Photostaken
about 30 minutes apart.

Table 2

Results of the current fish survey and a summary of previous sun/eys undertaken in the Haehanga Stream in relation to Remediation NZ's
composting operations.

Site

Site 1
Previous

NetArap type

results

(3

minnow

2550

6375

surveys)
Number of minutes fished
Number

Longfineel
[Anguilia
dieffenbachli}

Length
range (mm)
Weight

range (kg)
Number
Shortfin eel

Length

[Anguilla australis)

range (mm)
Weight
range (kg)

Inanga
[Galaxias macuiatus}

Redfin bully
(Gobiomorphus
huttoni)
Banded Kokopu
(Galaxias fasciatus)

3-4
478-1045

0.24-3.31
0-1

Gee

Fyke
net

trap

Previous

results

(3

Gee

Fyke
net

minnow

2220

5550

surveys)

Unnamed

Site 3

Site 2

trap

Tributary

Previous
results

Fyke

(3

net

surveys)

1980

7

490840
0.391.91
1

930
0.481

700
0. 44

0. 85

1.33

Number

Length
range (mm)
Number

Length

range(mm)
Number

Length
range(mm)

Total number of species
Total number of fish

10

Gee

Gee

m in now

minnow

trap

trap

4950

2250

Site 1
This site recorded just two species, being longfin and shortfin eel. This is consistent with that recorded in
previous surveys. It is likely that this is related in part to the reduced flow that can occur at this site,

resulting in reducedhabitat.Previoussurveys haverecordedlittle to knowflowatthissite, althoughthis
was not the case during the current sun/ey. Fish passage may also be influencing the number of species

presentat thissite, asthe barriersto fish passageobserveddownstreammayhavepreventedfish migrating
upstream to this site. This has serious implications for inanga, as this species is a short-lived species, and
migrates downstreamannuallyto spawn,withjuveniles migrating upstream during the whitebaitseason.

Overall, eightfishwererecordedatthis site,whichisan increaseonthat recorded previously.Thisis likely a
reflection ofthe higher flows carrying the bait odour further downstream, attracting more fish into the nets.
This site is intended as a control site with which to compare the downstream results. Due to the lack of fish

passage, it cannot be considered a true control site. In addition, if a culvert does not provide for the
passage of fish, it is non-compliant and must be remediated. Some remedial works have been undertaken

sincethe previoussuweywascompleted. However,furtherremedialworkis requited, so it is onceagain
recommended that the site operator is made aware of these barriers to fish passage, which are discussed in
more detail below, and required to take steps to remediate them.

Site 2
This site, located immediately downstream of the lowest irrigation area, contained the highest species

richness(3) andthe highestabundance(19) ofthethreesites surveyed.A singleinangawasrecordedat
this site, with this species recorded in three of the four surveys completed. Natural variation will occur in

inanga populations from year to year, as they recruit annually, and are therefore subject to numerous other

factors. Thatonly one inanga was recorded (compared with a maximum of eleven in 2014) is not necessarily
causefor concern, asthere mayhavebeen predationwithinthe nets, especiallywiththe numberof large
eels caught also.

Eighteen eels were captured, of which seventeen were longfin eels, one being relatively large at 1050mm
and 3.425kg and two were shortfin eels. This is similar to the number of eels recorded in the previous
survey, which recorded sixteen eels. However, there was a clear difference in size class distribution in the

current survey, with the results dominated by larger (>700mm) eels, whileearliersurveyswere dominated
by eels smallerthan 700mm (Figure2). Although the nets included a means of shelterfor the smaller eels,
including either a tube shelter
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and/or an eel excluder, the number
10

of large longfins captured
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increased the risk of predation.
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Three eels were observed to have

s

eaten relatively large eels, as the
consumed eel was discernible when

handling and viewing the
consuming eel (Photo 3). It is likely
smaller eels were also consumed,
<300mm

300-499

500-699

700-899

900-1099

>1099

SizeClass (mm)
2013-14

Figure 2

D 2014-15
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Size class distribution of all eels recorded at site 2 over

the four surveys completed to date

but they were not discernible in the
large eels stomach. Therefore, it is
likely to the number of eels
recorded at site 2 was an under-

representation of the actual

number of eels captured.

Photo3 A largelongfin eel recorded at site2,with a consumedeel evidentthroughthe deformation ofthe
eel's underside.

It may also be that shortfin eels were the species predated upon by the large longfin eels, and this would

explainthe reduction in shortfin eel numbers at this site. Longfineel have been observed to predate upon
shortfin eels when in aquariums (pers. obs.). Unlike in the previous survey, no dead eels wereobsen/ed
around this site.

It is apparentthat site 2 still had a much higherabundancethan that recorded upstream at site 1. This
suggests that the access culvert immediately upstream of this site may still be posing a barrier to fish
passage (Photo 4). Some remedial works had been undertaken, with gravel being used to build up the bed
level at the outlet of the first pool downstream of the culvert. While this is an appropriate approach, as it
will lift the water level and resolve the perched nature of the culverts, the material used was too fine and
had already begun scouring away (Photo 5). During the current survey, the culverts were not perched,
although this may have been partly because flows were high.
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Photo4 Theaccessculvert immediatelyupstream of site 2, December2015 (left) and December2016(right).

Photo 5
The outlet of the pool,
directly below the main track
access culverts, showing

deposited gravels that are
beginningto scour away

Site 3
Located just upstream of State Highway 3, this site provides some perspective, providing an indication as to
the extent of influence from the upstream composting activities. This site contained some of the best

habitat,with large logs, deepwaterand undercut banks.Thesethree habitatfeaturesare frequently used by
nocturnal fish as cover.

Ten fish were recorded at this site, up from the five recorded in the previous survey.Inangaand redfin bully
were absent despite being recorded in one or more previous surveys. Eight longfin eels and two shortfin
eels were recorded, although there was a lack of small individuals, which seems typical for this site (Table 2).
This site recorded the same species richness (two) as site 1, with a similar ratio of longfin to shortfin eels.

Again, dueto the numberof large eels recorded,the possibilitythat other fish (including inanga)were
caught but then predated upon while in the net cannot be discounted. Overall, these results represented
improvement from that recorded in the previous suivey, a result consistent with the results from the
macroinvertebrate survey undertaken on the same day (Jansma, 2017).

Unnamed tributary
Thistributarywassurveyed for the first time in this survey, although previous macroinvertebratesurveys
have incidentally recorded fish, including banded kokopu and longfin eel, with larger unidentified eels
observed below the wetland discharge. The two gee-minnow traps were set upstream of the wetland
discharge, where there was some deeper water immediately downstream of an access culvert. One banded
kokopu was captured (Photo 6), being an individual 130mm in length, likely to be between two and three
years old (Hopkins, 1979). Banded kokopu are considered a regionally distinctive species in Taranaki, and as
such, their presence in this unnamed tributary shows the significantvalues such small streams can have.

Dueto significantdifferencesin habitat betweenthe sites upstream and downstream ofthe discharge, it is
likely that there is a natural difference between the fish communities at these sites. However, consideration

should be given to expanding fish monitoring in this tributary.
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Photo6 Bandedkokopu (Galaxiasfasciatus)captured in the unnamedtributaryupstream ofthewetland
discharge.
Size class distribution

Assessingthe size class distribution of fish populations can provide a useful perspective on fish recruitment,
and the long-term health of the community. For example, if recruitment were restricted, then there would

be a lack ofyoung fish. However, it can be influenced by otheractivities such as people feeding eels, or
commercial eeling operations. It is therefore recommended that no such activitiestake placeon the
consent holder's property. It should also be noted that good numbers of fish are needed to support strong
conclusions, andtherefore onlythe sizeclass distribution of eels (as opposedto other species) is discussed.
Figure 3 shows that a similar number of eels were recorded in the current survey as in the 2014-15 survey,
higherthan that recorded in the 2013-14and 2015-16surveys. The sizeclass distribution was quite
different however.In the firstthree surveys, the eel communitywas dominated by fish smallerthan 700mm,
while in the current survey, the community was dominated by fish larger than 500mm. However, all sun/eys
recorded the most eels in the 500 to 700 mm size class.

This difference in size class distribution can be attributed to the improved flow conditions during the
current survey. This higher flow meant that the bait scent was carried further downstream, and can have
attracted fish from well downstream. The likelihood that predation occurred in the nets means that it was
likely that the current size class distribution was an underrepresentation of smaller eels.
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Figure 3 The sizeclass distribution of all eels captured at all sites over the
three surveys undertaken to date.

This higher number so large eels is a positive result, as it suggests some recovery from the impacts of
commercial eeling, which is understood to have occurred just prior to the 2013-14 survey. However, this
recovery will not yet be complete. The community will take some time to recover from the impacts of
commercial eeling, as commercial eeling methods (fyke netting) are so efficientthat 75% of the eels in a

fished area can be caught in a single night.As a result, it cantake a decadeor more for the eel's population
at such a siteto recover (PCE,2013).It should be noted that the sampling methodology is less likely to
record eels smaller than 150mm, compared with larger eels.
Fish condition

The composting activities undertaken alongsidethe HaehangaStream havethe potential to releasea range
of substances to the stream, including some that have toxic effects on the fauna of the stream. The degree
oftoxicity can range from acute, resulting in quick death, to chronic, where repeated exposure overtime
may result in the fauna becoming unwell, and/or leaving the area. Eels captured in this survey were
measured and weighed. Using this data it is possible to gauge the physical condition of the fish, which can
be a useful indication of fish health. If fish at one site were in poorer condition than others in the same
stream, then it would be expected that the sick fish of the same length would be lighter.
Figure 4 shows that most of the longfin eels recorded in the current survey were in better condition than
would be expected, with some fish being significantly heavierthan would be expected. Shortfin eel showed
a similar result, with the two eels captured at site 3 being well in excess of the expected weight, while the
individual eels captured at sites 1 and 2 being similar to the expected weight. This is indicatesthat the eel
communities were in better physical condition than would be expected, and this is likely a reflection of the
high flows that preceded this survey, and probably predation within the nets. The high flows will have
resulted in improved invertebrate habitat in the Haehanga Stream, improving the food supply for these
eels. This better than average condition is similar to that that recorded in the previous surveys, but better

than that recorded in the 2013-14and 2014-15surveys, when no site hadfishthat differed markedlyfrom
that predicted by Jellyman et al (2013). The trend lines in Figure 4 used the equation from table 1 for
longfin eel and table 3 for shortfin eel found in Jellyman et al (2013).
Overall, these fish condition results suggest that fish condition is better in early summer than late summer,
including at site 2. This is consistent with higher and cooler flow conditions providing for improved habitat
and food supply. The results from site 2 suggest that the eel community was in better health than the
previous survey, which recorded eels in poorer condition than would be expected. This suggests that the
activities at the composting facility had not affected this community.
In addition to length and weight measurements, each fish was inspected for obvious physical damage or
abnormalities. Otherthan the predation of eels in the nets, there were, no such features were noted.
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Figure 4 Longfin eel condition (left) and shortfin eel condition (right) in the Haehanga Stream, 14/15
December 2016. Weight (Kg) is on the y-axis, length (mm) on the x-axis. The trend line is the

predicted weight, using equations from Jellymanet al 2013.

Fish Passage
During this and previous surveys, three access culverts were inspected, and assessed for fish passage. The
locations of these culverts are summarised in Table 3. It was noted that one ofthe three culverts impeded
fish passage in some way, with the remaining two culverts providing some passage, but may be a greater
impediment to passage during low flows.

Culvert 1, onthe HaehangaStream nearthecomposting pads, hada deepbutswiftflow(Photo7), which
would inhibit poorer swimmers such as inanga. The outlet ofthis culvert is usuallytoo steep and water
speedstoo swift, and only suitable for climbing species. The higherflows during the current sun/ey
improved it slightly, but it is likely that passage will deteriorate as flows reduced.

Culvert 2 was perched, and not suitable forswimming species (Photo 7). However, while kokopu and eels
have been recorded upstream ofthis culvert, these species are good climbing species and highly adept at
negotiating barriers that swimming species cannot pass. This culvert will still reduce the passage of
climbing species, while completely preventing the passage of swimming species. It was noted during the
current surveythatthe lower ofthe two culverts might have been partially blocked.
Culvert 3, a double culvert underthe main accesstrack, had experiencedsome remedial works sincethe

previoussurvey, withthe bed level built up in an effortto resolvethe perched natureofthe culvert. During
the current survey, neither ofthe two culverts was perched, due to the remedial works and higherwater
levels caused by recent rain (Photo 4). It was noted that the remedial works were beginning to scour away,
and it is likelythat the culverts will againbe perched once flows recede (Photo 5). This will need to be
assessedduring lowerflows, with remedial works required should this be confirmed.
Table 3

Culverts assessed for fish passage during the current fish survey

Culvert ;

Location

number

HaehangaStream, nearcomposting
j pads

I Unnamed tributary, immediately
! upstream of HaehangaStream

I Haehanga Stream, at downstream
) extent of irrigation area

GPS reference
1732285-5685087
1732291-5685098
1731707-5685778

Photo 7

Top left: Culvert 1 December 2015
Top Right: Culvert 1 December 2016
Bottom Left: Culvert 2 December 2015

Bottom Right:Culvert 2 December2016
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Summaryand conclusions
On 14 and 15 December2016,three sites weresurveyed for freshwaterfish in the HaehangaStream in
relation to the composting activities undertaken by Remediation NZ Ltd.Site 1 was located upstream of the
site, site 2 located immediately downstream of the lowest extent of the irrigation area, and site 3 was

locatedjust upstream of State Highway3. The survey method involved deploying baited fine and coarse
mesh fyke nets and gee minnowtraps at eachsite overnight. Thissurveyalso includingtrapping ofthe
unnamed tributary that receives the wetland discharge, with two gee minnow traps set upstream of the
discharge. All nets and traps were recovered the following morning, with all fish identified, counted and
measured, with eels greaterthan 300mm weighed.
Earlier in the day prior to the survey commencing, the Haehanga Stream catchment experienced a rain

event. As a result, the HaehangaStream had a moderateto highflowat all sites. Thetiming ofthis survey
has been brought forward, in an effort to target periods when stream flow is higher. This follows the initial
survey, completed in March 2014, which found that the stream was not flowing at site 1 due to extremely
low flows. The higher flows in the current survey will have carried the bait scent further downstream than
that which occurred in previous surveys. All sites contained moderate fish habitat, with deep pools, and
good cover. It should be noted that water temperatures in this stream may occasionally exceed the thermal

preference, and maximum thermal tolerance of a number of native fish species,with a watertemperature of
28. 3°C recorded at site 3 during the December 2014 survey. Due to the improved flow conditions, which
should have resulted in more flow past the nets and traps, and conceivably more fish captured, fish

abundanceand number of species recordedwere higherthan that recorded in the previous survey. Overall
sites, twenty-eight fish were recorded across four species. This included the capture of a banded kokopu in
the unnamed tributary.

Unlike in the previous survey, which observed seven dead eels at and downstream of site 2, there were no
observations made that posed particular concern. There was significant discolouration observed
downstream of the wormfarm and quarry access road, but no obvious hydrocarbon contamination of the

HaehangaStream likethat recorded in the previous two surveys. The degree of discolouration, although
not present upstream, was severe, but was considered primarily an aesthetic effect rather than deleterious
to the biological communities. This is because it is likely to be a relatively frequent event, and the biological
communities will have adjusted to it.

It is worth noting that the macroinvertebrate survey undertaken on the first day of the fish survey found

that macroinvertebratecommunitiesof seven mainstem sites andtwo unnamedtributarysites were of
average to above average health, with significant recovery noted downstream of the site and irrigation area.

The site that would be expectedto experiencethe greatest impacts should there beanyis site 2. At this
site, three specieswere recorded, aswasthe highestabundance(19 fish) ofthe survey. Inangawereagain
present after being absent in the previous survey, representing some recovery in the fish communities.
Although only one individual inanga was recorded, natural variation will occur in inanga populations from
year to year, as they recruit annually, and are therefore subject to numerous other factors. It should also be
noted that there had been predation within the nets, with some eels having clearly ingested another eel. It
is very possible that smaller fish such as inanga has also been predated upon, but this was not obvious
when handling the eels.

Site 3, further downstream recorded two species, which is equal to that recorded in the previous survey
Inanga were absent, but have been recorded at this site previously.
Eels were recorded at all three sites, with the largest longfin eel being recorded at site 2. This individual was
1050 mm long, and weighed 3.425 kg. The size class distribution of the eels was quite different to that
recorded in the previous surveys, with the community dominated by large eels. This is probably a reflection

of improved effectiveness of the bait, resulting in more large eels being captured. This may have also
caused increasedpredation ofthe smaller eels in the nets, resulting in an under-representation in the
smaller sizeclasses.It is likelythat the communityis still impacted bythe commercial eelingthat is
understood to have occurred just prior to the 2013-14 survey. It is expected it will take over decade for the

community to recover from this. The physical condition of the eels showed that most of the eels captured
at all three siteswere in much better condition than would be expected.This is likely dueto the increased
flows that preceded this survey resulting in an improved food supply for these eels, with more
macroinvertebrate habitat present. This is a good result, especially at site 2, where the eels were more

similarto their expectedweightduringthe previous survey. Overall, these fish condition results suggest
that fish condition is better in earlysummer than late summer, as indicated bythe results from sites 1 and
3. This is consistent with higher and cooler flow conditions providing for improved habitat and food supply.
The results from site 2 suggest that the eel community is in better health than that recorded in the previous
survey, which found that the activities at the composting facility had likely negatively affected this

community. No observed fish exhibited anyobvious physical damageor abnormalitiesduring the current
survey.

Three access culverts were assessed for fish passage during this survey, and one was found to present a

barrier to fish passage at all flows, while the remaining two culverts were considered likely to restrict fish
passage during lower flows. Even in the higher flows of the current survey, it is likely that all culverts

severely restricted the passageof swimming speciessuch as inanga.The culvert located immediatelyabove
site 2 had experiencedsome remedial works sincethe previous survey, butthis wasalreadybeing scoured
away. It is likely that this culvert will still be perched during lower flows, and this would preclude the

passageof a number of species, included inanga.Ifthis is confirmed, then remedial workswill be required.
Remedial works are still to be undertaken on the remaining two culverts, which have been identified as a
barrierfor a number of years.
In summary, the results of the current survey do not indicate that the composting activities and wastewater
irrigation undertaken by Remediation NZ Ltd, alongside the Haehanga Stream, have had a deleterious
impact on the fish communities of this stream. This is consistent with the findings of the macroinvertebrate
survey, completed on the same day. However, the impact on fish passage caused by the three access
culverts is likely to have contributed to the reduced species richness at site 1.

The current survey was undertaken in early summer, in an effort to target the higher flows present at this
time. It is recommended that this is continued, and that suiveys continue on an annual basis. In addition, it

is recommended consideration be givento installing continuouswatertemperature monitoring equipment
overthe summer months, to improve our understandingof howthe watertemperature changesin the
HaehangaStream. Finally, it is recommended thatthe companybe reminded oftheir responsibilities
regarding the provision for fish passage.
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Introduction
Remediation (NZ) Ltd operates a composting facility in the HaehangaValley, Uruti (previously owned by
Perry Environmental Ltd who was preceded by Global Vermiculture Ltd). Raw materials are trucked to the

site for composting, on a purpose built composting pad for a period of 35-40 days. Synthetic hydrocarbon
contaminated drilling muds and cuttings are also received on site. They are piled up and the liquids are

allowed to drain, then blended with green waste and other organic matter. Composted material is
transported off site by trucks to Remediation (NZ) Ltd's worm farming operations at Waitara Road and
Pennington Road.

This survey was the only survey scheduled for the 2016-2017 monitoring year. At the time of this survey,
there were two composting pads. The south-west pad (referred to as composting pad 1 in this report) has
been established and operating for some years, and is where the synthetic muds are blended with green
waste and other organic matter. A second pad northeast of the original composting pad, which became
operational in the summer of 2005, is referred to as composting pad 2.
Both composting pads are bunded, with all surface stormwater and leachate contained and directed to

treatment ponds. Water from the settling pond is recycled backto the composting material if and when
required to maintain a moist composting environment The runoff from composting pad 1 is treated in the
series of ponds. Between each pond, there is a baffle that skims off any floating hydrocarbons as the
leachate passes through. The treated liquid in the final pond, located just upstream of site 5 (HHG000115),

is then irrigated to pasture. This irrigation system was installed prior to the November 2005 biological
survey.

Priorto February 2008, no discharges of stormwater or leachate directly entered the Haehanga Stream or
its tributaries. However, afterthat date, the site has been permitted to dischargetreated stormwater and
compost leachateto the unnamed tributary of the HaehangaStream. This comes from composting pad 2,
where leachate is pumped up to the top of a seven-tier wetland, which was constructed in late 2007. Under

dry conditions, the wetland waterfrom the bottom pond of the wetland is reticulated backto the uppertier
of the wetland. Under high flow conditions the wetland discharges to a tributary of the Haehanga Stream.
In addition to this discharge from the wetland, there is some potential for seepage from the composting
pads and irrigation area to enter groundwater, and for stormwater runoffto escapethe collection system,
and thus gravitate toward the surface watercourses at the site.

A baseline survey of five sites was conducted in October 2002 in relation to the composting operation
(Dunning, 2003). At the time of this earlier survey, only composting pad 1 was operational, and sites were
established for both the existing and proposed composting pads. Unnamed tributaries of the Haehanga
Stream flow adjacent to (and down gradient of) both composting pads and flow into the HaehangaStream
downstream of the composting areas (Figure 1). Sincethis baselinesurvey, significantchanges have

occurred on site, leading to sampling sites being moved, or sampling at some sites to be discontinued. Any
changesto sampling sites made prior to the current survey have been discussed in previous reports,
referenced below

The current biological survey was conducted to monitor the effects of dischargesfrom the composting site
to the HaehangaStream and tributaries in relation to composting areas (pads 1 & 2), the irrigation of
treated liquid to land, and the dischargeof treated stormwater and leachateto the unnamed tributary.
During the May 2012 survey an additional site was included (HHG000150), at the downstream extent of the
irrigation area. This site is now referred to as site 6, with HHG000112 now referred to as site 5. This
constitutes a change, as HHG000112 was previously referred to as site 6.

Methods
Two different sampling techniqueswere used to collect streambed macroinvertebrates in this sun/ey. The
'vegetation sweep' sampling technique was used at site 1, and the Council's standard 'streambed kick'

sampling technique was used at sites 2, 6 and T2. A combination of the 'streambed kick' and 'vegetation
sweep' sampling techniques was used at sites T3, 5 and 7 (Table 1). The 'streambed kick' and 'vegetation
sweep' techniques are very similar to Protocol Cl (hard-bottomed, semi-quantitative) and C2 (soft-

bottomed, semi-quantitative) of the NewZealand MacroinvertebrateWorking Group (NZMWG) protocols
for macroinvertebrate samples in wadeablestreams (Stark et at, 2001).
Two of the sites surveyed were previously established in the baselinesurvey (sites 1 and 2) (Dunning, 2003).
Site T2 and T3 were sampled for the ninth time during the current survey, while site 5 has been sampled
since January 2005 and site 7 since February 2007. Site 6 was sampled for the sixth time in the current
survey.

Table 1 Biomonitoring sites in the Haehanga Stream catchment
Site ;

Site Code

;

Location

HHG000093 | Upstream ofextended irrigation area

Sampling Method
I

Vegetation sweep

HHG000100 I Downstream of extended irrigation area

Streambed Kick

T2

HHG000098 | Upstream of wetland discharge point

Streambed Kick

T3

HHG000103 Downstreamofwetlanddischargepoint

5
6

I

Kick-sweep

+HHG000115

25 m downstream of last pond and swale collection area

| HHG000150 | 30 m downstream of lower irrigation area
50 metres upstream of State Highway 3 bridge

Kick-sweep
Streambed Kick
Kick-sweep

Sampleswerepreservedwith Kahle'sFluidfor latersortingand identificationundera stereomicroscope
according to Taranaki Regional Council methodology using protocol Pl of NZMWG protocols forsampling
macroinvertebrates in wadeablestreams (Stark et al. 2001).
Macroinvertebrate taxa found in each sample were recorded as:
R (rare)

= less than 5 individuals;

C (common)

= 5-19 individuals;

A (abundant)

= estimated 20-99 individuals;

VA (very abundant)

= estimated 100-499 individuals;

XA (extremely abundant) = estimated 500 individuals or more.

Stark(1985) developed a scoring system for macroinvertebrate taxa according to their sensitivity to organic
pollution in stony NewZealand streams (MCI). Recently, a similar scoring system has been developed for
macroinvertebratetaxafound in soft bottomed streams (Starkand Maxted, 2004, 2007) (SBMCI).TheSBMCI

has been used in a number of biomonitoring reports since its inception, and results to date suggest that it
is notas effectiveat assessingthe impactsoforganicpollution asthe MCI.Forexample,resultsfrom the
February 2008 Mangati survey found a relatively unchanged SBMCIscore at a sitethat hadthick growths of
sewage fungus (Jansma, 2008c). Therefore, this index is considered less appropriate for the assessment of
macroinvertebrate communities possibly affected by industrial discharges. Any subsequent reference to
MCI refers to the MCI.

Highly 'sensitive' taxa were assigned the highest scores of 9 or 10, while the most 'tolerant' forms scored 1

and0.1 in hard bottomed andsoft bottomed streams respectively.Thesensitivityscoresforcertaintaxa
found in hard bottomed streams have been modified in accordance with Taranaki experience. Byaveraging
thescoresobtainedfrom a list oftaxataken from onesite and multiplying bya scalingfactorof20, a
Macroinvertebrate Community Index(MCI) value was obtained. The MCI is a measure of the overall

sensitivity of macroinvertebrate communities to the effects of organic pollution. Communities that are more
'sensitive' inhabit less polluted waterways.

A semi-quantitativeMCIvalue(SQMCL,) hasalso beencalculatedforthetaxapresentat eachsite by
multiplying eachtaxonscore bya loadingfactor(related to itsabundance),totalling theseproducts, and
dividingbythesum ofthe loadingfactors(Stark1998and 1999).Theloadingfactorswere1 for rare(R), 5
forcommon (C), 20forabundant(A), 100forveryabundant(VA)and500forextremelyabundant(XA).
Unlike the MCI, the SQMCI;is not multiplied bya scaling factor of20, so that its corresponding range of
values is 20x lower

HHG000190-1900m DS
HHG000150-675m DS

r

Figure 1

Location of biomonitoring sites in the Haehanga Stream catchment
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Sub-samples of algal and detrital material taken from the macroinvertebrate samples, were scanned under
40-400x magnificationto determine the presence or absence of any mats, plumes or dense growths of
bacteria, fungi or protozoa ("undesirable biological growths") at a microscopic level. The presence of
masses of these organisms is an indicator of organic enrichment within a stream.

Results and Discussion
During the present sun/ey, watertemperatures in the HaehangaStream catchment ranged from 15. 5°C to
17.2°C. It should be noted that the January2015 survey recorded a temperature of 28.3°C, which is outside
the upper thermal tolerances of some macroinvertebrate taxa, including some occasionally recorded in the
HaehangaStream catchment (Quinn et al, 1994)). The current surveywas undertaken earlier in the year, in
an effort to survey at a time of higherflow in the HaehangaStream. Due to a rain event in the area shortly
before the survey commenced, flows in the HaehangaStream were quite high.This also resulted in the
discharge ofsediment-contaminated stormwater into the Haehanga Stream, resulting in discolouration.
Although the Haehanga Stream is frequently observed to be cloudy, with associated yellow to brown
discolouration, the degree of discolouration at sites 2, 5, 6 and 7 was particularly severe, where it was
described as brown and dirty. However, at site 1 (upstream of the site), which had only slightly elevated
flows, there was no obvious discolouration. The flow in the unnamed tributary was described as brown and
cloudy.

Usuallythe doudiness and discolouration is primarily caused through tannins and suspended solids
entering via groundwaterand tributary inflows, rather than a point source discharge from the wormfarm.
However, at times tannins are also provided through the wetland discharge, which can also result in some
discolouration. During the current survey, a moderate discharge, estimated at approximately 11/sec was
leaving the wetland. This dischargewas not recorded in the discharge log kept by the consent holder, with
this log indicating that no discharge had occurred since 9 December 2016.

With the exception of site 1, the substrate at all sites was generally a mix of silt, sand and gravels, with some
wood. The streambed at site 1 was covered in macrophytes, with an underlying bed of silt All mainstem
sites supported aquaticvegetation, with such growth observed at the edges of the stream at sites 2, 5, 6
and 7, and throughout the stream at site 1. Only site T3 in the tributary supported aquatic vegetation, with
small beds growing on the streambed, some of whichwere sampled. Site T2 did not support any aquatic
vegetation. Dueto the discolouration it was difficultto discern the degree of algal growth present, with thin
films recorded at all sites, and site 1 also supporting patchy growths of filaments.
No undesirable heterotrophic growths were recorded at any of the seven sites in this survey.
Unlike the previous (December 2015) siwey, which noted dead eels on the stream bed and the January 2015
survey, which observed hydrocarbons being released from the streambed at site 7, no concerning
observations were made while completing the current survey.

Macroinvertebrate communities
A moderate number of macroinvertebrate surveys have been conducted at these sites. Monitoring has been
conducted in other small lowland hill country streams in Taranaki surveyed at similar altitudes (TRC, 1999
(statistics updated 2016)) and these have been compared with the current results in Table 2. Table 2 gives
summary statistics for the sites, while Table 3 provides a complete taxa list for the current survey.

Table 2 Number of taxa, MCI and SQMCL;values recorded in the Haehanga Stream catchment together with
a summary of results from control sites in other small lowland hill country streams (LOWL)between 25-49
MASL, in Taranaki (TRC, 1999) (Updated to October 2016).
Numbers of taxa

Number of
Site

-+

previous
surveys

LOWL*

Median

4.0

2. 7-6.2

17-30

12

22

17-27

20

19

15
T2

80

68-109

17

71

68-78

69

3.6

2.7-4.2

3.9

17-23

17

74

62-99

99

4.0

2.7-4.4 |

4.3

19

6-28

26

73

53-83

2.8

1. 1-4. 1 I

3.2

20

6-24

16

|

72

60-79

2.9

1. 0-3.1

2.6

20

12-30

21

|

70

59-82

78

3.2

1. 3-4.3

3.5

23

20-30

18

86

79-94

104

5.1

4. 6-6.2

7.2

4.4

43. 5-5. 4 |

5.3

27

T3

SQMCIs values

)-.

Range I Current

22

4-

T-

.

Range | Current | Median ! Range j Current I Median

23

19

I

MCI values

24-32

23

83

90

78-93

*SQMCls median and range based on only 22

The current survey results for the Haehanga mainstem are also presented in Figure 2 and Figure 3, with
these figures providing a catchment perspective.
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Figure 2

MCI Value

Median MCI Value

No. of Taxa

-»-.. Median No. of Taxa

Number of taxa and MCI scores recorded at each Haehanga Stream sites during the current
survey, compared with the respective medians for these sites.

SQMCIsValue

Figure 3

--.. Median SQMCIsVafcie

SQMCIsscores recorded at each HaehangaStream sites during the current survey, compared
with the respective mediansfor these sites.

Site 1 - Upstream of expanded irrigation area
This site, sampled intermittently since 2002, was re-introduced to the monitoring programme in 2010, prior
to the irrigation ofwastewateronto land between sites 1 and 2. Irrigation on this land has since occurred,
consequently site 1 becomes the upstream control site, and site 2 becomes an impact site.
A relatively low taxa richness was recorded at this site (17), which was five taxa less than the median, and

the lowest richness recorded at this site to date, equal to that recorded in the previous survey. This is quite
a drop (ten taxa) from the summer 2014 survey, which recorded the highest richness for this site to date
(Figure 4), and may reflect the earlier timing of the last two surveys. This survey was undertaken only
thirteen days afterthe last fresh in this stream, and preceding flow conditions may have flushed out a
number of taxa from this stream.
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Figure4 Taxa numbers and MCI recorded to date at site 1

Table 3 Macroinvertebratefauna ofthe HaehangaStream catchment, sampled in relation to Remediation
(NZ) Ltd on 14 December 2016.
Site Number
Site Code

i Taxa List

HHGOOO:

SampleJMuniber_FWBlfr

-i MCI r
score '

,. !. -.. -i-_2...,
093 I 100

^._[. ^\..

l^. ^,

115 ! 150 ; 190 1 098

Oliqochaeta
HIRUDINEA
MOLLUSCA

Ppjomog^rgus
Ostracoda

Paraleptamphopidae
Talitridae
EPHEMEROPTERA

Austroclima
Deleatidium

IZtZ^ltlJL
I R

zeEhle. bi(L3LoulL.
Acrooerta

I Xanthocnemis
I Aeshna
Hemicordulia

HEMIPTERA_L-^aSl.
5igaTO_
Elmidae

^Hydr^ihiHidae_j

5^

Ptilodactylidae

TRK;HOPTERA__[ Hydrobi. osi5_ _____________
PotyfjtectrqfJus

| 5
I 6

Psitochorema

Oxyethira

LEPID'OPTERA^__J_H}/grou<o__J 4
Aphrophilg
^nogtenm
E3211:i-ES2E.^!f..
ZejgndotijMlo
Chironomus
Orthocladiinae

f?^y. E^l^.. r!!..
T_anypodinae
Culicidae

Dolichopodidae
Empididae
Austrosimulium

Tanydendae
Acarina

EPT(taxa)
%EPT (taxa)
Tolei ant'taxa

R = Rare

C = Common

'Moderately

A = Abundant

sensitive'

taxa .

VA = VeryAbundant

'Highly

sensitive'taxa

XA = ExtremelyAbundant

T3
103

The community comprised a relatively high proportion of tolerant taxa (71%) which resulted in a 'poor' MCI
score of 69 units. This is only one unit higher than the minimum score recorded previously at this site and
two units less than the median score (Table 2, Figure4). Although this is a 'poor' score (TRC, 2015), it is a
reflection of the low and slow flows and vegetation habitat sampled, and is consistent with that recorded at
this site in recent years. This score is significantly less than the median MCI score for other similar lowland
streams (Stark, 1998), indicatingthat the invertebrate community site is in poorer health than similar
streams at this altitude.

The community was dominated by an extremely abundant 'tolerant' taxon, (snail (Potamopyrgus). Other
dominant 'tolerant' taxa included seed shrimps (Ostracoda) and damselfly larvae (Xanthocnemis). One
'sensitive' taxon was also abundant, the amphipod (Paracalliope). The dominance of 'tolerant' taxa resulted
in a low SQMCI; score of 3.9 units, equal to the previous survey and within the range of previously recorded
scores (Table 2). It was also not significantly different to the median for other sites in similar small lowland
streams (Stark, 1997).

Overall, this indicatesthat the water quality of the HaehangaStream prior to it flowing into the
Remediation NZ composting site was of average quality, and that the community was strongly influenced
by the low and slow flows, and the shallow gradient of this stream.

Site 2

Downstream of extended irrigation area

At site 2 in the Haehanga Stream, upstream of all composting areas, 17 macroinvertebrate taxa were
recorded. This was one taxon fewer than that recorded in the previous survey and two taxa less than the

medianforthis site (Table 2). The communitywasdominated bythree 'tolerant taxa, (oligochaeteworms,
Potamopyrgus snails and sandfly larvae (Austrosimulium)), and one very abundant'moderately sensitive'
taxon, (Paracalliope mayfly)) (Table 3).

The MCIvalue of 99 units reflected a relatively high proportion of sensitivetaxa in the communityat this
site (65%). This score is equal to that recorded in the previous survey, but significantlyhigherthan the next

highestscore recorded at this site, and istwenty-four units higherthan the median,also a statistically
significantdifference (Stark 1998)(Table 2, Figure 3). The SQMCI;value at this site (4. 3) was similarto the

medianvalue, but significantlyless than the previous maximum score, recorded in the previous survey. This
reduction is primarily due to the reduced abundance of 'highly sensitive' Deteatidium mayfly
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Figure 5

MCIvalue

Median MCI to date

No. of taxa

Median no- of tasa to date

axa numbers and MCI recorded to date at site 2

Although this suggests that water quality at this site was 'fair' and well above average, it should be noted

thatthesamplingtechniquedifferedto most previoussurveys. Historically,thissitewassampled usingthe
vegetation sweep technique. Since the December 2015 survey, the kick sample technique has been used
due to a lack of macrophyte habitat The vegetation sweep technique tends to collect taxa that are more

'tolerant' and therefore produces lower MCI and SQMCIs scores. This also explains the very significant
improvement in MCI score between sites 1 and 2 (30 units).

Overall, it is apparentthatthe primaryinfluence on the communityat this site is the variation in habitat, and
the consequentchangein sampling technique. Thefactthat one 'highlysensitive'taxon was recorded as
common' is supportive of the conclusion of reasonable preceding water quality with no discernible impacts
from the irrigation of wastewaterto land between sites 1 and 2.

Site 5 downstream of all pond discharges
At site 5 in the Haehanga Stream, 25 m downstream of all wastewater ponds, 26 taxa were recorded, seven
taxa more than the median of the nineteen previous surveys, and twelve more than that recorded in the

previous survey (Table 2, Figure3). This increased richness may be a reflection ofthe flushingflowthat was
occurring at thetime ofthe survey, or recoveryfrom the previous surveywhen hydrocarbonodourwas
released from the substrate during sampling. Two 'tolerant' taxa dominated the community at this
downstream site (very abundant oligochaete worms and snails (Potamopyrgus) with the 'highly sensitive'
mayfly Deleatidium recorded as abundant (Table 3). The numerical dominance of very abundant 'tolerant'

oligochaetewormsandorthodadmidgelarvaeresulted in a SQMCIsscoreof3.2 units, a statistically
insignificant0.4 unit higherthan the median for this site, but a significant1.1 units lessthan that recorded
at site 2 (Stark, 1998). The MCI score (88) was sixteen units greater than the median score for this site, and

eleven units higher than that recorded in the previous survey, both statistically significant results (Stark,
1998) (Figure 6). It is also the highest recorded at this site to date. However, it was eleven units less than

that recorded at site 2 upstream in the current survey. This is a reflection of the decreased proportion of
'sensitive' taxa in the community (58%), which was 7% lower than at the upstream site 2 (Table 2).

Some previous surveys have recorded changesin abundanceof individualtaxa,which can be interpreted as
beingan indicationof organicenrichmentofthe stream. Suchchangesincluded Chironomusbloodworms
becoming abundantat this site. The results from the current survey indicatethat Chironomus bloodworms
were present at the time ofthe survey, but onlyas a rarity (less than five individuals).In total, significant
changesin abundancewere recorded for nonetaxa, including an increase in three 'sensitive'taxa.Overall,
this community appears to be in above average community health, indicative of 'fair' water quality.
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Figure 6 Number of taxa and MCI scores recorded to date at Site 5
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Site 6 - Downstream of effluent irrigation area
A richness of sixteen taxa was recorded at this site, located downstream of the effluent irrigation area (Table
2, Figure7). This is an improvement on that recorded in the previous surveywhen only sixtaxa were
recorded.The communitywas dominated bytwo 'tolerant' taxa (extremely abundantoligochaeteworms

andveryabundantPotamopyrgussnails), one'moderatelysensitive'taxon(Hydrobiosiscaddisflylarvae)and
one 'highly sensitive' taxon (Deleatidium mayfly). This also represents an improvement from the previous
survey.

Thecommunity consisted mainlyof 'sensitive'taxa (62%), resulting in an MCIscore of 88 units. This score is
significantly higher than the median for this site, the previous maximum score recorded at this site, and 28

units higher than that recorded in the previous survey, a particularly significant result CTable 2, Figure 2).
Not only does this indicate that the community during the current survey was in well above average health,
it also shows how severely impacted the community was during the previous survey. The current result is
indicative of 'fair' water quality (TRC, 2015).

The SQMCIs score was heavily influenced by the extremely abundant oligochaete worms, but tempered
slightly by the abundance of Deleatidium mayfly. This resulted in a SQMCIs score of 2. 6 units, slightly less

thanthe medianforthis site.Althoughthis isthe lowestSQMCIsscore recorded in the currentsurvey, it
does not differfrom whatis usually recorded at this site, and is significantlybetterthan that recorded in the
previous survey (1. 0 unit).

Previous surveys, including the most current one, had noted SQMCIsscores at this site that were lowerthan

could be expected. It was concluded that there may be a subtle deterioration in water quality at this site,
but habitat differences also needed to be taken into account. This is because this site has habitat that

differedto the otherHaehangaStreamsites,as it wasa true riffle, in thatit wasshallowflowtumbling over
coarse and fine gravel, as opposed to deeper flow moving over macrophyte or submerged wood. The riffle
present sampled in the current survey may have also had some recent disturbance, with the placement of
gravels, in an effort to resolve the perched culvert upstream. This may also explain the slightly lower than
usual taxa richness. Overall, the results indicate that the community at this site was in average to above
averagehealth, and significantlybetterthan that recorded in the previous survey, whichwascoincidentwith
the discoveryof a numberof dead eels noted at and immediatelydownstream of this site.
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Number of taxa and MCI scores recorded to date at Site 6
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Site 7 - Downstream of all site activities
This site exhibited average taxa richness (21), one taxon more than the median, and seven more than the

previous survey undertaken at this site. The 'poor' MCI score of 78 was due to the community comprising

62%'tolerant'taxa, ofwhichfourwereabundant(ostracodseedshrimpandwaterboatmen[Sigara),very
abundant(oligochaeteworms) or extremelyabundant(snails(Potamopyrgus)). Seven'moderatelysensitive'
taxa and one 'highly sensitive' taxon were recorded at this site, suggesting moderate preceding water
quality.

The MCIscoreof78wasnineteenunits higherthanthat recorded in the previoussurvey, a statistically
significantimprovement (Stark, 1998)(Table2 andTable7). Thisscorewasstatisticallyinsignificantlyhigher
than the median score for this site (Stark, 1998), although it was the second highest score recorded at this
site to date (Figure 8). The abundance of 'tolerant' taxa, especially snails and orthoclad midge larvae,

resulted in a SQMCIsof3.5 units,0.3 unit lessthanthe medianforthissite but0.6 unit higherthanthat
recorded in the previous survey
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Figure 8 Number of taxa and MCI scores recorded to date at Site 7

Whencomparedwithsite 6 upstream,the MCIscorewaslower,whiletheSQMCIsscoreimproved slightly,
due mainlyto the reducedabundanceofoligochaetewormsand improved abundanceof Potamopyrgus
snails.Therewereten significantdifferencesin individualtaxon abundancerecorded between sites 6 and 7,
with the majority of these differences reflecting the change in habitat, from a swift shallow riffle at site 6, to

a deep slower run at site 7. It may also be that invertebrates were being flushed downstream in the higher
flows, as a number of still or slow water taxa were recorded at site 7. The above average MCI and SQMCIs
scores indicate that this community was also in above average health and reflective recovery following the
previous survey.

During some previous surveys, concern was raised regarding an extreme abundance of Chironomus

bloodworm larvae at this site. Such abundance usually only occurs where there is a significant organic
discharge, which the Chironomus bloodworm larvae feed upon. It was noted that should this result be

repeated in subsequent surveys, further investigation will be required. Dissolved oxygen readings were

subsequentlytaken inthestream,andthisfoundthatthere maybe periodsof lowdissolvedoxygen,
especially when weed beds are well established, such as in summer. This is natural, and related to the

shallow gradient of the stream, and can be exacerbated during low flows. It is likely that the sporadic
abundance of Chironomus is related to the low dissolved oxygen concentrations within the stream, rather
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than the dischargeof organicwastes upstream. Chironomus was recorded as rare at this site in the current
survey.

Site T2 - upstream of the wetland discharge
Samplingperformed in the unnamedtributarythat receivesthewetlanddischargehasroutinelyfound
macroinvertebrate communitiesthat are in better healththan those present in the Haehangamainstem.In
the current survey, eighteen macroinvertebrate taxa were recorded at site T2, upstream of the wetland
discharge point This was slightly less than the median richness for this site and for control sites in similar

streams (Table2), andthat recordedinthe previoussurvey.Goodwaterqualityhadprecededthissurvey,as
indicated by the presence of three 'highly sensitive' taxa in the community, and the abundance of a number
'sensitive' taxa.

Extremely abundant Deleatidium, a 'highly sensitive' mayfly, dominated the community. Other taxa

recorded inabundanceincludedone'tolerant'taxon (snails(Potamopyrgus))andtwo 'moderatelysensitive'
taxa {Paracatliope amphipods and Zephlebia mayfly) (Table 3).

This community had a relatively high MCI score (104), reflecting the improved proportion of sensitive taxa
present (72%) (Figure 9). This MCI score is 24 units higherthan the median MCI score for control sites in

similar streams and ten units higherthan that recorded in the previous survey. This is the highest MCI score

recorded inthe HaehangaStreamcatchmentto date(Table3). TheSQMCIsvalueof7.2 wasparticularly
good for this type of stream, and significantly higher than the median for control sites in other lowland

streams at a similar altitude (TRC, 1999). This is also the highest SQMCIs score recorded in the Haehanga
Stream to date.

This stream typically hasbetter MCIand SQMCL,scoresthan the HaehangaStream sites, and this is a direct
reflection ofthe differencein headwatercharacter.SiteT2 is located nearto the source ofthis stream,
which rises from a swampy spring, and flows through a short channel, which is well shaded. In contrast,
sites 1 and 2 in the HaehangaStream are located in excess of 1. 5 km downstream of the source of this
stream, below which the stream is relatively unshaded and unprotected.
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Figure 9 Taxa numbers and MCI recorded to date at site T2

Site T3 - downstream of the wetland discharge point
This is the tenth time that macroinvertebrates have been sampled at this site, located approximately 20
metres downstream of the wetland discharge. Twenty-three taxa were recorded at this site. This is four taxa

less than what was recorded in the previous survey but five more than that recorded upstream at site T2
(Table 2, Figure 10).
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Thecommunitywascharacterisedbyone 'highlysensitive'taxon(Deleatidiummayfly), two 'moderately
sensitive' taxa (Paracalliopeamphipodsand mayfly(Zephlebiagroup)), andthree 'tolerant' taxa,
(oligochaeteworms, snails (Potamopyrgus)and sandflylarvae (Austrosimulium)) CTable3). This site had a

slightlylowerproportion ofsensitivetaxa (61%)thansiteT2 upstream, resulting in a reducedMCIscore
(90). This is a statisticallysignificantreduction (Stark, 1998), suggesting some impactfrom the wetland
discharge. However, it wasentirely caused by a the changein presence/absenceoftaxa recorded as rarities

only, andas such, iftherewasan influencefrom thewetlandit wasonlysubtle. Thisconclusion is supported
by the lack of change in communities, with only two taxa changing significantly in abundance between the
sites. The significant increase in the abundance of Chironomus bloodworms and oligochaete worms

observed in theJanuary2015 survey were not apparent in the current survey. The highly sensitive mayfly
Deleatidium was recorded in abundance at both sites. The drop in MCI score was mirrored in the SQMCIs
score, which dropped 1.8 units between site T2 and T3. However,the SQMCI;score of 5. 3 at site T3 was a

significant(Stark, 1998)0.9 unithigherthanthe medianforthissiteanda significant1. 3 units higherthan
the medianSQMCIsscoreforsimilarstreamsatcomparativealtitudes (TRC, 1999).Overall, althoughthe
MCI and SQMCI; scores indicate deterioration in macroinvertebrate community health between sites T2 and
T3, the results at site T3 were well above average, and therefore this deterioration is considered to be of a
subtle nature only.
Previous surveys have also noted certain changes in taxa presence/absence that indicated that there is also

a significantinfluencefrom theinstreamhabitat. Forexample, in a previous survey,siteT3 recorded
boatman(Sigara)andostracodseedshrimps,whichinhabitslowto still water,a habitatnottypically
inhabited by Deleatidium mayfly, which was absent at site T3 (but extremely abundant at site T2). This was
less apparent in the current survey, with Deleatidium mayfly abundant at both sites, and fewer slow water
species noted at site T3. Overall, these observations indicate that the discharge occurring at the time of this
survey was having no more than a subtle impact on the communities of this stream.
Some previous water quality results indicatethat unionised ammonia concentrations in the unnamed

tributaryhaveattimes beentoxicenoughto reducethe abundanceof, or eliminateentirely, someofthe
sensitivespeciesusuallyfound inthisstream. Results ofsampling undertakenin theyearpriorto thissurvey
showthat five ofthe sixsamples contained concentrations of unionised ammonia below the toxicity
thresholdof0.025g/m3.Thisshowsmanagementofthe unionisedammoniaconcentrationsintheeffluent
being discharged was moderate, but could be improved. Should unionised ammonia concentrations return

to highlevels inthewinterperiod,anadditionalmacroinvertebratesurveyatthistime maybewarranted.At
the very least, the water quality monitoring will need to continue to assist with the interpretation of
macroinvertebrate results.
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Figure 10 Taxa numbers and MCI recorded to date at site T3

Conclusions
The Council's standard 'streambed kick' and 'vegetation sweep' techniques were used at seven established
sites to collect streambed macroinvertebrates from the Haehanga Stream catchment in order to assess
whether the Remediation (NZ) Ltd composting areas had had any adverse effects on the macroinvertebrate
communities of these streams. Samples were processed to provide number oftaxa (richness), MCI, and
SQMCIsscores for each site.

The MCI is a measure ofthe overall sensitivity ofthe macroinvertebrate communityto the effects of organic
pollution in stony streams. It is based on the presence/absence of taxa with varying degrees of sensitivity to
environmental conditions. The SQMCIs takes into account taxa abundance as well as sensitivity to pollution,

and may reveal more subtle changesin communities, particularly if non-organicimpacts are occurring.
Significant differences in either the MCI or the SQMCIs between sites indicate the degree of adverse effects
(if any) of the discharges being monitored.

The macroinvertebrate sun/eyconducted on 14 December2016was preceded by a rain eventjust hours
prior, resulting in flows in the Haehanga catchment to be relatively high, with a steady to swift water speed
noted at all sites. Community richnesses were slightly reduced upstream of the site, possibly due to the

frequent higherflowsthat precededthis survey. These higherflows appearto havealso led to improved
invertebrate habitat, as, with the exception of site 1, all sites recorded MCI scores higher than their
respective medians. Overall, this survey found that macroinvertebrate communities of the mainstem sites

and two unnamed tributarysites wereof averageto above average health. Undesirableheterotrophic
growths were not recorded at any of the seven sites in this survey.
The two sites in the unnamed tributary were sampled for the tenth time in the current survey, and exhibited
a community relatively typical for this kind of habitat. However, there were some differences between these

two sites. Site T2 recorded MCI and SQMCL,scores that were well above average. Site T3 also recorded MCI
and SQMCIs scores higher than average, but they were significantly less than that recorded at site T2.
Previous surveys have frequently recorded oligochaeteworms, ostracod seed shrimps and Chironomus
bloodworms increasing significantly in abundancedownstream of the discharge.These taxa are often
associated with organically enriched discharges.In the current survey all three of these taxa increased in

abundanceat site T3, coinddentwiththe observation of a moderate dischargeleaving the wetland.
Therewere only subtle changesin the community ofthe unnamed tributary, and althoughthe changesin
presence/absenceof taxa between the sites involved only taxa recorded as rare, they were all reflective of

organicenrichment ofthe stream.Therewasalso little indication of a significantinfluencefrom a changein
instream habitat. Previously, site T3 has recorded boatman (Sigara) and ostracod seed shrimps, which
inhabit slow to still water, a habitat not typically inhabited by Deleatidium mayfly, which was absent at site
T3 at that time (but extremely abundant at site T2). This was less apparent in the current survey, with
Deieatidium mayfly abundantat both sites, and fewer slow water species noted at site T3. Overall, the
unnamed tributary was in above average health, and the discharge occurring at the time of this survey was
having no more than a subtle impact on the communities of this stream.
Some previous water quality results indicate that unionised ammonia concentrations in the unnamed

tributary haveat times beentoxic enoughto reducethe abundanceof, or eliminateentirely, some ofthe
sensitive species usually found in this stream. Results of sampling undertaken in the year prior to this survey

showthat five ofthe sixsamples contained concentrations of unionised ammonia belowthe toxicity
threshold of 0. 025 g/m . This shows management of the unionised ammonia concentrations in the effluent
being discharged was moderate, but could be improved. Should unionised ammonia concentrations return

to high levels in the winter period, an additional macroinvertebrate survey at this time may be warranted. At
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the very least, the waterquality monitoring will need to continueto assistwiththe interpretation of
macroinvertebrate results.

In general, the communities in the Haehanga Stream sites had moderate proportions of sensitive taxa. Low

numbers of sensitivetaxa are expected in small, silty bottomed streams such asthe HaehangaStream and
the numbers oftaxawere generallysimilarto other lowland hill country streams surveyed at similar altitude.
The community richness at site 6 and 7 had recovered from that recorded in the previous survey, which

recorded significantdeterioration. MCIvalues recorded in the HaehangaStream generally reduced in a
downstream direction, although site 1 in the current survey recorded the lowest MCI score of 69 units. For
second consecutive year, site 2 recorded an MCI score equal to the highest recorded in this catchment to

date.Sites 1 recorded an average MCIscore, with sites 2, 5, 6 and 7 recording aboveaveragescores,
significantly so for sites 2, 5 and 6. This represents a significant recovery at sites 6 and 7, following the
deterioration recorded in the previous survey, which was coincidentwith the observation of a number of
dead eels at site 6.

Site 5 has exhibited poorer macroinvertebrate communities in the past compared to other sites upstream.
This has suggested some level of impact from the composting operation, although the extent of adverse

effects hasbeen difficultto determine dueto poor habitat quality. Duringthe current survey, the MCIscore
for site 5 was fifteen units greaterthan the medianscore forthis site. This is a significantimprovement from
the previous survey, which noted the presence of hydrocarbons in the substrate. The SQMCIsscore
recorded at site 5 was reduced compared with that recorded at site 2. In addition, the results from the

current survey indicate that Chimnomus bloodworms were present, but only as a rarity. This suggests some
deterioration from that recorded at site 2, but overall, the communities at site 5 were in above average
health.

Unlike the other sites, the sample from site 6 was collected from a riffle with coarse and fine gravels, using
the 'streambed kick' sampling technique. However, this riffle had recently had additional gravels placed
over the top, in an effort to resolve a perched culvert upstream. This may have influenced the invertebrate
community, which recorded a relatively low taxa richness of 16 taxa. However, it recorded an MCIscore of

88 units, indicative of 'fair' water quality, and the highest recorded at this site of the seven surveys
conducted there. It also represents a significant improvement from the previous survey, and no change
from that recorded at site 5 upstream, being higher than the median for control sites in other lowland
streams at a similar altitude. This provides no indication of deterioration, a conclusion supported by the
SQMCIsscore of 2. 6 units. Although this score is lower than that recorded upstream, it is similarto the
median for this site, despite the disturbance that had recently occurred at this site.
The surveys undertaken at this site sampled habitat that differed to the other Haehanga Stream sites, as it

wasa true riffle, with shallowflowtumbling over coarseand fine gravel, as opposed to deeperflow moving
over macrophyte or submerged wood. This habitat difference can explain some of the differences in the

taxa recorded and the increased abundance of worms recorded in previous surveys. The current survey
indicates that the water quality preceding this survey had been fair and better than average.
The lowest site (site 7) was sampled for the sixteenth time in this survey. There wasa reduction in MCI
score, but the SQMCIs score was higher than that recorded at site 6. When compared with historical data,

the communityat site 7 was in averagehealth, and indicativeof no deterioration in waterquality. As with
site 6, there was a recovery in community health from that recorded in the previous survey. The SQMCL,
score for this site (3. 5) and taxa richness (21) were similar to their long-term average, indicating that the
community was in average health.
During certain previous surveys, Chironomus bloodworms have been recorded as abundant at various sites.

Abundance of this taxon is usually an indication of an organic discharge, although low dissolved oxygen in
the stream can also allow this taxon to dominate the community, especially when this is associated with low
flows. It may be then that the sporadic appearance of Chironomus in abundance is at least in part related to
16

the dissolved oxygen concentrations. Dissolved oxygen concentrations in the Haehangahave been found to
be depressed at times, and during the warmer months, when there is more aquaticweed growth, dissolved
oxygen may be significantly depleted at night This is a natural occurrence in some streams that are slow

flowing and weedy. Any macroinvertebrate surveys undertaken when such conditions exist could potentially
record a community with fewer sensitive species, and a more abundant population of Chironomus. During
the current survey, Chironomuswas recorded as rare at sites 5, 6, 7 and T3. This possibly suggests a slight
increase in the organic enrichment of the stream. It is understood that the issue of high chlorides at site 6
has been identified and is being addressed, and so waterquality will hopefully improve with time. This
would be further contributed to through any on-going works to the leachate and stormwater treatment
system, and improved management of the riparian margin. Any works that improve water quality are also
likely to lead to an improvement in freshwater macroinvertebrate communities belowthe discharges, and
should continue to be encouraged.

This wasthe only macroinvertebrate programme scheduled for the 2016-17 period. It is recommended that
this level of monitoring continue, but that a provisional macroinvertebrate survey be retained in the
programme, to be implemented should water quality monitoring indicate an issue.

17

References
Dunning KJ, 2003: Biomonitoring of the Haehanga Stream in relation to discharges from the Global
Vermiculture site at Uruti. TRC report no. KD136.
Hope KJ, 2005a: Biomonitoring of the Haehanga Stream in relation to discharges from the Perry
Environmental Limited composting site at Uruti. TRC report no. KH12.
Hope KJ, 2005b: Biomonitoring of the Haehanga Stream in relation to discharges from the Perry
Environmental Limited composting site at Uruti, March 2005. TRC report no. KH025.
Hope KJ, 2006: Biomonitoring of the Haehanga Stream in relation to discharges from the Perry
Environmental Limited composting site at Uruti, November 2005. TRC report no. KH073.
Hope KJ, 2006: Biomonitoring of the Haehanga Stream in relation to discharges from the Perry
Environmental Limited composting site at Uruti, March 2006. TRC report no. KH078
Jansma B, 2007: Biomonitoring of the Haehanga Stream in relation to discharges from the Perry
Environmental Limited composting site at Uruti, February 2007. TRC report no. BJ020.

Jansma B, 2007: Biomonitoring of the HaehangaStream in relation to dischargesfrom the Perry
Environmental Limited composting site at Uruti, May 2007. TRC report no. BJ030.

Jansma B, 2008a: Biomonitoring of the HaehangaStream in relation to discharges from the Perry
Environmental Limited composting site at Uruti, December2007. TRC report no. BJ050.
Jansma B, 2008b: Biomonitoring of the Haehanga Stream in relation to discharges from the Perry
Environmental Limited composting site at Uruti, May 2008. TRC report no. BJ051.

Jansma B, 2008c: Biomonitoring of the Mangati Stream, in relation to the Bell Block industrial area, February
2008. TRC report BJ043.
Jansma B, 2009a: Biomonitoring of the Haehanga Stream in relation to discharges from the Remediation
(NZ) Limited composting site at Uruti, January 2009. TRC report no. BJ055.
Jansma B, 2009b: Biomonitoring of the Haehanga Stream in relation to discharges from the Remediation
(NZ) Limited composting site at Uruti, April 2009. TRC report no. BJ056.
Jansma B, 2011a: Biomonitoring of the Haehanga Stream in relation to discharges from the Remediation
(NZ) Limited composting site at Uruti, November 2010. TRC report no. BJ148.

Jansma B, 2011b: Biomonitoring of the HaehangaStream in relation to dischargesfrom the Remediation
(NZ) Limited composting site at Uruti, April 2011. TRC report no. BJ149.
Jansma B, 2012: Biomonitoring of the Haehanga Stream in relation to discharges from the Remediation
(NZ) Limited composting site at Uruti, May 2012. TRC report no. BJ175.

Jansma B, 2013: Biomonitoring of the HaehangaStream in relation to dischargesfrom the Remediation
(NZ) Limited composting site at Uruti, November 2012. TRC report no. BJ209.
Jansma B, 2013: Biomonitoring of the Haehanga Stream in relation to discharges from the Remediation
(NZ) Limited composting site at Uruti, April 2013. TRC report no. BJ210.
Jansma B, 2015: Biomonitoring of the Haehanga Stream in relation to discharges from the Remediation
(NZ) Limited composting site at Uruti, January 2015. TRC report no. BJ258.
Jansma B, 2015: Biomonitoring of the Haehanga Stream in relation to discharges from the Remediation
(NZ) Limited composting site at Uruti, December 2015. TRC report no. BJ286.

18

Quinn, JM, Steele, GL, Hickey, CW &Vickers, ML Upper thermal tolerances of twelve NewZealand stream
invertebrate species. New Zealand Journal of Marine and Freshwater Research 28: 391-397.

Stark JD, 1985: A macroinvertebrate community index of water quality for stony streams. Water and Soil
Miscellaneous Publication No. 87.

Stark JD, 1998: SQMCI: a biotic index for freshwater macroinvertebrate coded abundance data. New
Zealand Journal of Marine and Freshwater Research 32(1): 55-66.

StarkJD, 1999: An evaluation ofTRC's SQMCIbiomonitoring index. Cawthron Institute, Nelson. Cawthron
Report No. 472.

Stark JD, Boothroyd IKG, Harding JS, Maxted JR, Scarsbrook MR, 2001: Protocols for sampling
macroinvertebrates in wadeable streams. New Zealand Macroinvertebrate Working Group Report
No. 1. Prepared for the Ministry for the Environment. Sustainable Management Fund Project No.
5103. 57p.
StarkJD and Maxted JR, 2004. Macroinvertebrate community indices for Auckland's soft-bottomed streams
and applications to SOE reporting. Prepared for Auckland Regional Council. Cawthron Report No.
970. Cawthron Institute, Nelson. ARC Technical Publication 303. 59p.
Stark J D and MaxtedJR, 2007. A biotic index for New Zealand's soft bottomed streams. New Zealand

Journal of Marine and Freshwater Research 41(1).

Stark JD and Maxted JR, 2007a. A user guide for the macroinvertebrate community index. Cawthron
Institute, Nelson. Cawthron Report No. 1166.

Thomas B & JansmaB, 2014:Biomonitoring of the HaehangaStream in relation to dischargesfrom the
Remediation (NZ) Limited composting site at Uruti, December 2013. TRC report BT018.
TRC, 1999: Some statistics from the Taranaki Regional Council database (FWB) of freshwater
macroinvertebrate surveys performed during the period from January1980 to 31 December
1998(statistics updated to 1 October 2016). State of the Environment Monitoring Reference Report.
Technical Report 99-17.

TRC, 2015: FreshwaterMacroinvertebrate Fauna Biological Monitoring Programme Annual State of the
Environment Monitoring Report 2014-2015. Technical Report 2015-66.

19

