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Introduction

Some of the headwater streams and rivers of the Rangitikei River that 

originate in the Ruahine Ranges have populations of the threatened 

blue duck/whio (Hymenolaimus malacorhynchos).  This duck species 

is restricted mainly to fast-flowing and turbulent rivers and streams in 

forested hill country and mountains.  Numbers have declined significantly 

since European settlement due to land use change and introduced 

predators (Heather & Robertson, 1996).  Blue duck dabble, dive and 

up-end in swift white water to feed on aquatic invertebrates which make 

up most of their diet.  They eat mostly caddisfly larvae, but also mayfly, 

stonefly, and chironomid larvae that they find on the downstream sides 

of stones and boulders.  Occasionally they take emerging adult insects 

on the surface as well as some algae and fruit (Heather & Robertson, 

1996).

While predators are likely the main determinant of breeding success 

of whio, their food supply is also vitally important.  There is concern 

to what the impacts of the invasive algae, Didymosphenia geminata 

would be on duck populations.  There is the potential that this algae, 

if introduced to the blue duck rivers of the Ruahine Ranges, would alter 

the benthic macroinvertebrate community and thus impact on the blue 

duck diet.

This survey provides a snapshot of the macroinvertebrate and algal 

communities of four sites on headwater streams of the Rangitikei River 

catchment within the Ruahine Forest Park.  These sites were in streams 

known to have populations of whio. Should Didymosphenia geminata 

ever become established, this data will provide an indication of previous 

conditions.
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Figure 1: The four sites on the Waiokotore Stream, Potae Stream, and Mangatera 

River surveyed for macroinvertebrates and algae on February 25 and 26, 2009.
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Methods

The four sites were selected as they were in close-proximity and had 

resident blue ducks (Figure: 1).  A helicopter was used to access the 

area.

In-stream and riparian characteristics were assessed using the Qualitative 

Habitat Assessment Procedure developed by Environment Waikato (Collier 

& Kelly 2005).  This procedure is derived from the revised USEPA Rapid 

Bioassessment Protocol and modified to suit local stream conditions. 

To assess stream habitat, the observer estimates the condition of each 

characteristic over at least a 100 m reach.  Two data sheets are completed 

at each site, a Field Assessment Cover Form and a Habitat Assessment 

Field Data Sheet (see Appendix). 

The Field Assessment Cover Form describes general watershed and in-

stream characteristics.  The coordinates of the sampling site were 

determined using NZMS 260 topographic maps and a Garmin Etrex Vista 

GPS unit. Stream wetted width was measured at five transects and water 

depths at the points where invertebrate samples were taken.  Water 

velocity was estimated using a velocity head rod at the same points 

where depths were measured.  Spot measures of temperature, specific 

conductivity, pH and dissolved oxygen were recorded with Extech ExStik 

II handheld meters.  Other parameters such as the nature of the stream-

bottom substrata and in-stream plant cover were estimated visually. 

The Habitat Assessment Field Data Sheet comes in two variants, one for 

hard-bottomed and another for soft-bottomed streams.  In this survey all 

sites were hard-bottomed.  This form involves nine in-stream and riparian 

characteristics that the observer rates from optimal to poor on a 20 point 

scale (Table: 1, Collier & Kelly 2005).  These are then summed to derive 

an overall score for the assessed site.  The theoretical maximum possible 

score indicating optimal habitat is 180 while the minimum possible score 

indicating very poor habitat is 9.

Table 1: The nine in-stream and riparian characteristics included on the Habitat 

Assessment Field Data Sheet for hard-bottomed streams (Adapted from Collier & 

Kelly, 2005).

Characteristic	 Assesses	 Importance

1. Riparian vegetative zone width	 Assesses the extent of natural vegetation 	 The vegetative zone is a buffer to pollutants		

	 from the edge of the stream bank out 	 entering a stream from runoff, controls		

	 through the riparian zone.	 erosion, provides habitat and organic matter 		

		  input and provides shade. Generally, the 		

		  wider, the better.

2. Vegetative Protection	 Evaluates the amount and type of 	 The root systems of plants growing on stream	

	 vegetative protection present on the 	 banks help hold soil in place and reduce the		

	 bank and near-stream part of the 	 potential for bank erosion.			 

	 riparian zone.

3. Bank stability	 Assesses the erosion or potential erosion	 Eroded banks indicate a problem of sediment 	

	 of stream banks.	 movement and deposition.
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Characteristic	 Assesses	 Importance

4. Frequency of riffles or bends	 Measures the sequence or frequency of	 Riffles are a source of high-quality habitat and 	

	 riffles. 	 diverse fauna. Generally, a high frequency of 		

		  riffles enhances the diversity of the stream 		

		  community.

5. Channel alteration	 A measure of large-scale changes in the 	 Many streams have been straightened, 		

	 shape of the stream channel. 	 deepened and channelized. Such streams have 	

		  reduced habitat heterogeneity.

6. Sediment deposition	 Measures sediment accumulation and 	 Sediment deposition results from the large-		

	 changes to the stream bottom resulting	 scale movement of sediment. High levels of 		

	 from deposition. 	 deposition are symptomatic of and unstable 		

		  habitat that may be unsuitable for many 		

		  organisms.

7. Velocity/Depth regimes	 Assesses the diversity of flow environments. 	 The most diverse hard-bottomed streams have 	

		  slow-deep, slow-shallow, fast-deep and fast-	

		  shallow flow environments. Greater habitat 		

		  diversity generally equals greater taxonomic 		

		  diversity.

8. Abundance and diversity of habitat	 Assesses the relative quantity and variety 	 The more diverse the range of microhabitats 		

	 of natural instream features. 	 (e.g. cobble, large rocks, logs, branches, leaf 		

		  packs) the greater the diversity of aquatic 		

		  organisms. 

9. Periphyton growth	 Assesses the presence/absence of 	L ower algal biomass is preferable to high 		

	 periphyton growth on the stream bed. 	 levels which can smoother the stream bed.

Benthic macroinvertebrates were sampled by taking five Surber samples (0.1 m2 area, 500 µm mesh 

size) from within riffles at each site.  Samples were preserved in iso-propyl alcohol and washed 

through a 500 µm sieve prior to sorting and identification.  Macroinvertebrates were identified 

to the lowest possible level using Smith & Ward (2005) and Winterbourn, Gregson & Dolphin 

(2006). Chironomids were identified to sub-family where possible.  Several macroinvertebrate 

metrics were calculated.  The Macroinvertebrate Community Index (MCI) and its quantitative 

variant (QMCI) are biotic indices commonly used in New Zealand to assess organic enrichment 

in stony riffles in streams and rivers (Boothroyd & Stark, 2000).  The Ephemeroptera (mayflies), 

Plecoptera (stoneflies) and Trichoptera (caddisflies) orders (EPT) are considered to be the most 

sensitive to declines in water and habitat quality in stony-bottomed streams and rivers.  The 

percentage of EPT individuals and taxa are used to indicate the relative dominance of these insect 

orders.  EPT animals tend to be found in greater numbers in less degraded streams.  Hydroptilid 

trichoptera were excluded from the EPT calculations as they are algal piercers and thrive in high-

algae environments and as such are often found in great numbers in degraded streams.

Periphyton was sampled by taking scrapings from four cm diameter circles from four rocks using 

scalpels.  Rocks from close to the invertebrate sampling points were randomly selected.  All the 

samples at each site were pooled.  The periphyton samples were frozen as soon as possible and 

sent to NIWA for chlorophyll-a, ash-free dry weight (AFDW) and relative abundance analysis using 

the methodologies described in Biggs & Kilroy (2000).
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Results

P h y sicochemica           l 

The sampling sites were all hard-bottomed dominated by gravel, cobble 

and boulder size substrate (see Appendix for size classes).  Organic 

material and in-stream plant cover was minimal (Table: 2).  It should be 

noted however that the Waiokotore Stream site had riffles with some 

moss cover that were sampled for macroinvertebrates (Figure: 2).  At 

the macroinvertebrate sampling sites the streams were shallow, swift and 

highly oxygenated.  All sites were within the Ruahine Forest Park and 

surrounded in native forest.  The Mangatera River at Colenso Hut site 

was within a wide flood channel covered in exotic lupin shrubs.

Table 2:  The physciochemical parameters of four stream sites sampled in the 

Ruahine Ranges, February 2009.

	 Waiokotore Stream	 Potae Stream 	 Mangatera River 	 Mangatera River		

	 (at Waiokotore	 (might actually be 	 (downstream of 	 (at Colenso Hut)		

	bi vouac) (Fig. 2 & 3)	a  tributary of 	 Potae Stream 	 (Fig. 8 & 9)			 

		  Potae Stream) 	conf luence)					   

		  (Fig. 4 & 5) 	 (Fig. 6 & 7)

Sampling date	 25 Feb 2009, 8.40 am	 25 Feb 2009, 4.40 pm	 26 Feb 2009, 12.20 pm	 26 Feb 2009, 10 am		

& time

Coordinates	 E: 2778018, N: 6168233	 E: 2780372, N: 6166298	 E: 2778792, N: 6166053	 E: 2779432, N: 6165648

Altitude	 780 m	 750 m	 680 m	 710 m

Stream-bottom	 Compaction: mostly a 	 Compaction: moderately	 Compaction: moderately	 Compaction: no packing/	

substrata	 loose assortment with 	 packed with some overlap.	 packed with some overlap.	 loose assortment easily		

	 little overlap.	 Embeddedness: <5%	 Embeddedness: <5%	 moved. 			 

	 Embeddedness: 51-75%			   Embeddedness: <5%

Substratum size	 Boulder 15%	 Boulder 20%	 Boulder 60%	 Boulder 5%			 

	 Cobble 35%	 Cobble 30%	 Cobble 30%	 Cobble 30%			 

	G ravel 25%	G ravel 40%	G ravel 9%	G ravel 60%			 

	 Sand 25%	 Sand 10%	 Sand 1%	 Sand 5%			 

	 Silt trace	 Silt trace

Organic material	L arge wood: <5%	L arge wood: <5%	L arge wood: <5%	L arge wood: <5%		

(% cover)	 Coarse detritus: <5%	 Coarse detritus: <5%	 Coarse detritus: <5%	 Coarse detritus: <5%		

	 Fine organic deposits: 	 Fine organic deposits: 	 Fine organic deposits:	 Fine organic deposits:	  	

	 <5%	 <5%	 26-50% 	 <5%

Instream plant 	 Filamentous algae: <5%	 Filamentous algae: <5%	 Filamentous algae: <5%	 Filamentous algae: <5%		

cover  (% of stream	 Macrophytes: <5%	 Macrophytes: <5%	 Macrophytes: <5%	 Macrophytes: <5%		

bed)	 Mosses/Liverworts: <5%	 Mosses/Liverworts: <5%	 Mosses/Liverworts: <5%	 Mosses/Liverworts: <5%

Temperature	 9.6 °C	 12.4 °C	 14 °C	 10.8 °C

pH	 9.15	 9.26	 8.32	 8.7

Conductivity	 226 µS/cm	 220 µS/cm	 150.2 µS/cm	 90.2 µS/cm

Dissolved oxygen	 97.8%, 11.08 mg/L	 88.3%, 9.3 mg/L	 96.6%, 9.65 mg/L	 95.6%, 10.29 mg/L

Stream width (m)	 Mean: 8.6,	 Mean: 1.6	 Mean: 5.14	 Mean: 7.18			 

	 Range: 5.3 – 11.1	 Range: 1.35 – 2.1	 Range: 4.1 – 7.2	 Range: 5.3 – 9.1
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	 Waiokotore Stream	 Potae Stream 	 Mangatera River 	 Mangatera River		

	 (at Waiokotore	 (might actually be 	 (downstream of 	 (at Colenso Hut)		

	bi vouac) (Fig. 2 & 3)	a  tributary of 	 Potae Stream 	 (Fig. 8 & 9)			 

		  Potae Stream) 	conf luence)					   

		  (Fig. 4 & 5) 	 (Fig. 6 & 7)

Depths (m)	 Mean: 0.28	 Mean: 0.16	 Mean: 0.27	 Mean: 0.16			 

	 Range: 0.19 – 0.46	 Range: 0.15 – 0.18	 Range: 0.14 – 0.39	 Range: 0.09 – 0.24

Velocity (m/s)	 Mean: 0.61	 Mean: 0.57	 Mean: 0.88	 Mean: 0.68			 

	 Range: 0.44 – 0.99	 Range: 0.31 – 0.77	 Range: 0.70 – 1.1	 Range: 0.44 – 0.89

Riparian character:	 Within the Ruahine Forest 	 Within the Ruahine Forest	 Within the Ruahine Forest	 Within the Ruahine		

	 Park. Native beech forest 	 Park. Native beech forest	 Park with native beech	 Forest Park with native		

	 and shrubs partly shade 	 and shrubs significantly	 forest and shrubs. Open	 beech forest and shrubs.		

	 the channel. The study 	 shade the channel.	 canopy.	L upin covers the banks		

	 reach is in a steep sided 			   immediately next to the		

	 canyon.			   channel.

Figure 2: The Waiokotore Stream had some swiftly flowing patches of moss-

covered substrate.
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Figure 2. The Waiokotore Stream had some swiftly flowing patches of moss-covered substrate. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The Waiokotore Stream was surrounded in native vegetation. 
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Figure 3: The Waiokotore Stream was surrounded in native vegetation.

Figure 4: The Potae Stream site was the smallest stream sampled. This may have 

been a tributary of the actual Potae Stream.
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Figure 3. The Waiokotore Stream was surrounded in native vegetation. 
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Figure 4. The Potae Stream site was the smallest stream sampled. This may have been a tributary of 
the actual Potae Stream. 
 
 
 
 

Figure 5. The Potae Stream site just 
upstream of the confluence of what 
may be the actual Potae Stream. 
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Figure 5: The Potae Stream site just upstream of the confluence of what may be 

the actual Potae Stream.

Figure 6: The Mangatera River site downstream of the confluence with Potae 

Stream. The flow was very swift here.
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Figure 4. The Potae Stream site was the smallest stream sampled. This may have been a tributary of 
the actual Potae Stream. 
 
 
 
 

Figure 5. The Potae Stream site just 
upstream of the confluence of what 
may be the actual Potae Stream. 
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Figure 6. The Mangatera River site downstream of the confluence with Potae Stream. The flow was 
very swift here. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. At the Mangatera River site downstream of the confluence with Potae Stream, large 
limestone boulders caused the formation of debris dams.  
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Figure 7: At the Mangatera River site downstream of the confluence with Potae 

Stream, large limestone boulders caused the formation of debris dams. 

Figure 8: The Mangatera River site at Colenso Hut has a wide flood channel 

covered predominantly in lupin.
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Figure 6. The Mangatera River site downstream of the confluence with Potae Stream. The flow was 
very swift here. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. At the Mangatera River site downstream of the confluence with Potae Stream, large 
limestone boulders caused the formation of debris dams.  
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Figure 8. The Mangatera River site at Colenso Hut has a wide flood channel covered predominantly in 
lupin. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Facing downstream at the Mangatera River at Colenso Hut site. The hut can be seen in the 
mid-right of the photo.  
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Figure 9: Facing downstream at the Mangatera River at Colenso Hut site. The hut 

can be seen in the mid-right of the photo. 

Overall, the Qualitative Habitat Assessment scored the four sampled sites 

highly considering the maximum score is 180.  The streams had high 

quality riparian conditions and high in-stream habitat diversity (Table: 

3).

Table 3: Qualitative Habitat Assessment results of four stream sites sampled in 

the Ruahine Ranges, February 2009 (maximum score = 20, minimum score = 1). 
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Figure 8. The Mangatera River site at Colenso Hut has a wide flood channel covered predominantly in 
lupin. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Facing downstream at the Mangatera River at Colenso Hut site. The hut can be seen in the 
mid-right of the photo.  

	 Waiokotore Stream	 Potae Stream	 Mangatera River	 Mangatera River 	

	 (at Waiokotore 	 (might actually be	 (downstream of	 (at Colenso Hut)	

	bi vouac)	a  tributary of 	 Potae Stream				  

		  Potae Stream)	conf luence)

1.	Riparian vegetative zone	 20	 20	 20	 20		

	 width

2.	Vegetative protection	 20	 20	 20	 10

3.	Bank stability	 19	 19	 15	 10

4.	Frequency of riffles	 18	 19	 20	 18

5.	Channel alteration	 20	 20	 20	 20

6.	Sediment deposition	 14	 19	 18	 14

7.	Velocity & depth regimes	 17	 14	 19	 10

8.	Abundance and diversity	 15	 18	 19	 16		

	 of habitat

9.	Periphyton	 10	 9	 14	 14

Total	 153	 158	 165	 132
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M acroin      v ertebrates        

The Waiokotore Stream site had a higher density of macroinvertebrate 

than the other sites and also a greater number of taxa (Table: 4).  Some 

samples from this site were from moss-covered substrate and these tended 

to contain large numbers of macroinvertebrates.  The MCI and QMCI 

scores of all four sites indicated “clean water”.  All sites were above 

the minimum QMCI score of 6 stated in the Proposed One Plan for this 

sub-catchment of the Rangitikei River.  At all the sampled sites, except 

the Waiokotore Stream, the EPT orders comprised greater than 90% of 

all individuals captured (Table: 4).

Table 4:  Mean macroinvertebrate metrics of four stream sites sampled in the 

Ruahine Ranges, February 2009 (n = 5). S.D. = standard deviation. 

	 Waiokotore Stream	 Potae Stream 	 Mangatera River 	 Mangatera River		

	 (at Waiokotore	 (might actually be 	 (downstream of 	 (at Colenso Hut)		

	bi vouac)	a  tributary of 	 Potae Stream 					   

		  Potae Stream) 	conf luence)

Total individuals	 1195.6, (S.D. 1010.1)	 337.2, (S.D. 257.5)	 231.4, (S.D. 146.7)	 281.6, (S.D. 57.4)		

(per 0.1 m2)	 (Range: 325 – 2796)	 (Range: 49 – 624)	 (Range: 28 – 418)	 (Range: 194 – 336)

Total taxa	 24.6, (S.D. 3.8)	 19.6, (S.D. 9.1)	 13.8, (S.D. 1.9)	 17.8, (S.D. 3.3)		

(per 0.1 m2)	 (Range: 21 – 29)	 (Range: 6 – 30)	 (Range: 11 – 16)	 (Range: 14 – 21)

MCI	 122.4, (S.D. 8.6)	 152.6, (S.D. 13.3)	 144.3, (S.D. 7.4)	 135.9, (S.D. 6.4)		

	 (Range: 116.2 – 137.1)	 (Range: 141.3 – 172.5)	 (Range: 136.4 – 153.8)	 (Range: 124.8 – 140)

QMCI	 6.1 (S.D. 1.2)	 8.1, (S.D. 0.2)	 8.3, (S.D. 0.2)	 8.2, (S.D. 0.3)			

	 (Range: 4.4 – 7.2)	 (Range: 7.9 – 8.4)	 (Range: 8.0 – 8.6)	 (Range: 7.8 – 8.7)

% EPT individuals	 68.3, (S.D. 17.4)	 91, (S.D. 5.3)	 91.3, (S.D. 4.1)	 93.6, (S.D. 3.5)		

	 (Range: 37.9 – 81.8)	 (Range: 87.8 – 95.9)	 (Range: 85.7 – 95.6)	 (Range: 90.2 – 98.9)

% EPT taxa	 60.0, (S.D. 5.5)	 65.9, (S.D. 9.1)	 68.4, (S.D. 10)	 68.3, (S.D. 7.2)		

	 (Range: 53.6 – 66.7)	 (Range: 59.1 – 81.3)	 (Range: 60 – 84.6)	 (Range: 61.9 – 78.6)

Samples from the Waiokotore Stream had high numbers of the cased caddisflies, Confluens 

hamiltoni and Zelolessica cheira which are taxa often associated with moss-covered substrates in 

swiftly flowing streams.  This was also the only site to have significant numbers of Chironomidae 

larvae, predominantly Orthocladiinae (Table: 5).  Potae Stream (possibly a tributary of the actual 

Potae Stream) was the smallest stream sampled, and was dominated by EPT taxa, especially the 

cased caddis Beraeoptera roria (Table 5).  The two sites on the Mangatera River were dominated 

numerically by the mayfly Deleatidium sp. and stonefly Zelandoperla sp. (Table: 5).  
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A l g ae

Ash-free dry weight and chlorophyll-a concentrations were much higher 

at the Waiokotore Stream compared to the other three sites (Table: 6). 

The moss content of the algal sample at this site contributed to these 

high values. This was also the only site to have chlorophyll-a levels 

higher than the suggested maximum of the Proposed One Plan (0.012 

mg/cm2) for this Rangitikei River sub-catchment, again because of the 

moss content. This site also had a higher number of taxa and was the 

only site where green filamentous and cyanobacteria taxa were found 

(Table: 6 & 7).

At all sites the algal community was dominated by diatoms and at Potae 

Stream and the two Mangatera River sites, diatoms were the only algal 

group present in samples (Table: 7). The Waiokotore Stream sample 

was of special interest to NIWA who have kept the sample as reference 

material. It has an interesting mixture of species (e.g. two species of 

Cocconeis), is relatively diverse and has a couple of diatom species that 

could not be definitely identified without acid-cleaning the sample (pers. 

com. Cathy Kilroy, NIWA).

Table 6:  Algal metrics of four steam sites sampled in the Ruahine Ranges, 

February 2009.

	 Waiokotore Stream	 Potae Stream	 Mangatera River	 Mangatera River 	

	 (at Waiokotore 	 (might actually be	 (downstream of	 (at Colenso Hut)	

	bi vouac)	a  tributary of 	 Potae Stream				  

		  Potae Stream)	conf luence)

Ash-free dry weight	 5.13	 0.35	 0.25	 0.24			 

(mg/cm2)

Chlorophyll a	 0.02934	 0.00166	 0.00080	 0.00030			 

(mg/cm2)

Total taxa 	 17	 9	 8	 9			 

(per sample)
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Conclusions

•	 As one would expect of headwater streams within the Ruahine Ranges, 

the study streams had high quality riparian conditions (e.g. native 

forest) although exotic lupins had colonised the wide flood channel 

of the Mangatera River at Colenso Hut site. 

•	 The water at all sites was highly oxygenated, swift and shallow with 

a stony stream bed. The Environment Waikato Qualitative Habitat 

Assessment scored all sites highly. 

•	 All sites had a macroinvertebrate community indicative of high habitat 

and water quality. MCI and QMCI scores indicated ‘clean water’ and 

all sites were dominated by the sensitive EPT (mayflies, stoneflies, 

caddisflies) invertebrates. The Waiokotore Stream site had the highest 

densities of invertebrates and the greatest number of taxa. This was 

likely related to the moss-covered substrate of this site providing a 

more complex habitat and food source than the smooth rocks sampled 

at other sites. 

•	 Algal biomass was low at all sites except Waiokotore Stream where 

the high moss content of samples contributed to higher ash-free dry 

mass and chlorophyll-a levels. All sites were dominated by diatoms 

as is often the case in streams draining forested catchments with no 

artificial nutrient inputs. 

•	 Overall, the four sites sampled in the Ruahine Forest Park could 

be considered to be pristine and not significantly different in terms 

of macroinvertebrates and algae than they were prior to human 

settlement. 

•	 All sites have abundant macroinvertebrate food and swift-flowing 

feeding habitat for whio.
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Appendix 
Environment Waikato Field Assessment Cover Form 
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Qualitative Habitat Assessment Field Data Sheet 
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