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SUMMARY OF EVIDENCE 

1. Twenty native freshwater fish are recorded from BOP region, eight of which have a 

conservation status of ‘At Risk – Declining’, while two (10%) have a conservation 

status of ‘Threatened – Nationally Vulnerable’.  The most commonly recorded fish 

species include longfin and shortfin eels (found at 38% and 27% of sites, 

respectively), followed by common bully, rainbow trout and redfin bully (21%, 21% 

and 19% of sites, respectively). 

2. Native fish require different habitats for different stages of their life cycle (i.e., 

spawning, nursery, juvenile and adult habitat).  However, the specific habitat 

requirements for each life history stage of many native freshwater fish species is not 

well known, especially spawning and nursery habitat requirements. 

3. Fifteen of the twenty native freshwater fish taxa (75%) recorded from the BOP 

region are diadromous – meaning they migrate between freshwater environments 

and the sea during some part of their life cycle.  Therefore, unimpeded access to 

and from the sea is required for all these diadromous taxa.  For certain species, it is 

recognised that these movements between freshwater and marine environments 

(and vice versa) are facilitated by elevated flows (e.g., migrant eels tend to migrate 

downstream during high flow periods). 

4. Flow is a major determinant of the physical habitat in streams and rivers, and 

thereby has a major influence on aquatic communities.  There are several 

ecologically important components of the flow regime, specifically with regards to 

fish: large floods, small floods and freshes, low flows, flow recessions and flow 

variability.  The general influence of these components of the flow regime on 

native fish is reasonably well documented.  For example, it is recognised that 

elevated flows can stimulate up-and downstream migrations, spawning and egg 

hatching.  Notwithstanding this fact, there is still, however, a dearth of information 

on the specific flow thresholds that ‘trigger’ life history events for many of the 

native fish taxa (e.g., spawning and egg hatching/emergence cues). 

5. As mentioned above, most native fish undertake migrations at various stages of 

their life cycle.  Therefore, migrating fish (especially smaller taxa, particularly in 

their juvenile stages) are at risk of being entrained into water intake infrastructure 

without appropriate fish screening at the intake.  I, therefore, recommend that fish 

screening measures should be imposed on all intake structures. 
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6. Accurately predicting a long-term, ecosystem, community or population level 

response to a specific flow alteration is very difficult due to (i) our current limited 

understanding of the biology of many of New Zealand’s native freshwater fish, and 

(ii) the uncertainties and complexities around setting environmental flows. 

7. I have conferred with Mr Maurice Duncan, Hydrologist.  It is my opinion that his 

evidence and recommendations in relation to minimum flows and interim surface 

water allocation thresholds will: 

a) result in an approach that is sufficient to sustain in-stream ecological values; 

and 

b) help ensure such that the flow regime of under-allocated rivers more closely 

resembles a natural flow regime and will help avoid any further departure of 

flows (from a natural flow regime) in over-allocated rivers. 

INTRODUCTION 

8. My full name is Thomas Joseph Drinan.  I am employed by the Department of 

Conservation as a Freshwater Technical Advisor.  I have been in this position since 

March 2017. 

9. I hold a Bachelor of Science (Applied Ecology) and Doctor of Philosophy (PhD) 

degree from University College Cork.  My PhD thesis investigated the effects of 

conifer plantation forestry on the hydrochemistry and aquatic biota of peatland 

lakes. 

10. I am familiar with the native freshwater fish of the Bay of Plenty region, and their 

habitat requirements with respect to flow. 

11. I am authorised to give this evidence for the Director-General of Conservation in 

relation to the Proposed Plan Change 9 of the Bay of Plenty Regional Water and 

Land Plan. 

CODE OF CONDUCT 

12. I have read the code of conduct for expert witnesses as contained in the 

Environment Court’s Practice Note 2014, and I agree to comply with it.  My 

qualifications as an expert are set out above. 
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13. The data, information, facts and assumptions I have considered in forming my 

opinions are set out in my evidence to follow.  The reasons for the opinions 

expressed are also set out in the evidence to follow. 

14. Unless I state otherwise, this evidence is within my sphere of expertise and I have 

not omitted to consider material facts known to me that might alter or detract from 

the opinions that I express. 

15. In preparing this evidence, I have read and given consideration to the following: 

a) Region-wide Water Quantity – Proposed Plan Change 9 to the Bay of 

Plenty Regional Water and Land Plan (V3.8, dated 18 October 2016). 

b) Section 42A Report – Proposed Plan Change 9: Region-Wide Water 

Quantity (dated February 2018). 

SCOPE 

16. My evidence focuses on the native freshwater fish of waterways in the Bay of 

Plenty region, and includes the following; 

a) Their conservations status and significance in a national context; 

b) Their habitat requirements and life histories, especially with respect flow; 

c) Appropriate fish screening measures for intake structures. 

NATIVE FRESHWATER FISH IN THE BAY OF PLENTY REGION 

17. Twenty native freshwater fish taxa have been recorded from the Bay of Plenty 

region (hereafter referred to as BOP).  These include shortfin eel (Anguilla australis), 

longfin eel (Anguilla dieffenbachii), torrentfish (Cheimarricthys fosteri), dwarf galaxias 

(Galaxias aff. divergens ‘northern’), giant kōkopu (Galaxias argenteus), kōaro (Galaxias 

brevipinnis), banded kōkopu (Galaxias fasciatus), īnanga (Galaxias maculatus), shortjaw 

kōkopu (Galaxias postvectis), lamprey (Geotria australis), Cran’s bully (Gobiomorphus 

basalis), common bully (Gobiomorphus cotidianus), giant bully (Gobiomorphus gobioides), 

bluegill bully (Gobiomorphus hubbsi), redfin bully (Gobiomorphus huttoni), common 

smelt (Retropinna retropinna), black flounder (Rhombosolea retiaria), yellow-eyed mullet 

(Aldrichetta forsteri), estuarine triplefin (Forsterygion nigripenne), grey mullet (Mugil 

cephalus) and (New Zealand Freshwater Fish Database [NZFFD], retrieved 9 

August 2017).  Recorded distribution maps for each native freshwater fish taxon 
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present in the BOP region are shown in Appendix 1 (based on NZFFD records).  

Photographs of some the native freshwater fish taxa are shown in Appendix 2. 

18. In addition to the twenty native freshwater fish, eight introduced and naturalised1 

fish species have been recorded from the BOP region.  These include goldfish 

(Carassius auratus), koi carp (Cyprinus carpio), gambusia (Gambusia affinis), rainbow 

trout (Oncorhynchus mykiss), brook char (Salvelinus fontinalis), brown trout (Salmo 

trutta), rudd (Scardinius erythrophthalmus) and tench (Tinca tinca).  Grass carp 

(Ctenopharyngodon idella) are also recorded from this region. 

19. Eight of the twenty native freshwater fish taxa (40%) recorded from the BOP 

region have a conservation status of ‘At Risk – Declining’, while two (10%) – 

shortjaw kōkopu and lamprey – have a conservation status of ‘Threatened – 

Nationally Vulnerable’ under the New Zealand Threat Classification System 

(NZTCS) (Goodman et al. 2014).  The remaining ten fish species have a 

conservation status of ‘Not Threatened’.  The Threat Classification System assesses 

the conservation status of species according to the risk of extinction they face 

within New Zealand (Townsend et al. 2007).  The NZTCS is described further in 

the following section. 

20. Based on NZFFD records (1,820 records for the BOP region), the most commonly 

recorded fish in the region are longfin and shortfin eels (found at 38% and 27% of 

sites, respectively), followed by common bully, rainbow trout and redfin bully 

(21%, 21% and 19% of sites, respectively).  Shortjaw kōkopu and lamprey were 

recorded at only 2% and 1% of sites, respectively. 

21. Two megainvertebrates have also been recorded from the BOP region: 

kōura/freshwater crayfish (Paranephrops planifrons) and kākahi/freshwater mussel 

(Echyridella menziesii).  Kākahi have a conservation status of ‘At Risk – Declining’, 

while kōura are ‘Not Threatened’ (Grainger et al. 2014).  Kōura were recorded 

from 20% of sites, while kākahi were recorded from 6% of sites (NZFFD records). 

THE NEW ZEALAND THREAT CLASSIFICATON SYSTEM (NZTCS) 

22. The NZTCS is a national system led by the Department of Conservation (DOC).  

It uses objective criteria and information drawn from a range of experts to assess 

                                                 
1 Taxa that have become naturalised in the wild after being deliberately or accidentally introduced into New 
Zealand by human agency (Goodman et al. 2014). 
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the risk of extinction faced by New Zealand plants, animals and fungi.  Each taxon 

is placed in a category that reflects its level of risk.  The system is specifically 

designed for New Zealand’s unusual ecological and geographic conditions. 

23. The system is used to assess the status of any plant, animal or fungus that has a 

wild population established in New Zealand, and for which there is sufficient 

information available.  It uses the best available information on the population 

trend (rate of decline or increase) and the size of the population (or, if population 

size cannot be measured, the area occupied by that population) to place each taxon 

into a category that directly reflects its rate of extinction.  All listings are reviewed 

about every three to five years to detect changes in status over time. 

24. Species listed in the parent category ‘Threatened’ are grouped into the following 

three subcategories: ‘Nationally Critical’, ‘Nationally Endangered’, and ‘Nationally 

Vulnerable’ (Appendix 3).  Taxa in these three subcategories face a high risk of 

extinction in the wild. 

25. Species listed in the parent category ‘At Risk’ are grouped into the following four 

subcategories: ‘Declining’, ‘Naturally Uncommon’, ‘Recovering’ and ‘Relict’ 

(Appendix 3).  Declining taxa do not qualify as ‘Threatened’, because they are 

buffered by a large total population size and/or slower decline rate.  However, 

these taxa may be listed as ‘Threatened’ in the future if the declining trends 

continue.  The category ‘Naturally Uncommon’ is adopted to distinguish between 

biologically scarce and threatened taxa.  ‘Recovering’ allows for threatened taxa 

whose status is improving through management action, and ‘Relict’ is used to 

encompass taxa that have experienced very large historic range reductions and now 

exist as remnant populations that are not considered unduly threatened. 

26. The number of ‘Threatened’ and ‘At Risk’ native freshwater fish taxa has increased 

over time (Table 1).  This increase can be partially attributed to (i) a more accurate 

estimate of their population size and/or area of occupancy; (ii) loss and/or 

degradation of habitat due to land use intensification; (iii) competition and/or 

predation by introduced species; or (iv) increased genetic knowledge (Goodman et 

al. 2014).  Nevertheless, since 2001 there has been a notable increase in the number 

of freshwater fish species that are threatened with, or at risk of, extinction. 
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Table 1.  Changes in the conservation status of 'Threatened' and 'At Risk' 
freshwater fish taxa since 2001. 

 

 

 

 

 
27. Based on the 2013 listings, 74% of native freshwater fish taxa and 25% of 

freshwater invertebrate taxa have a conservation status of ‘Threatened’ or ‘At Risk’ 

(Goodman et al. 2014; Grainger et al. 2014).  Many of these threatened taxa are 

taonga species – īnanga, shortjaw kōkopu, giant kōkopu, kōaro (whitebait species), 

kanakana/piharau (lamprey), tuna (longfin eel) and kākahi (freshwater mussel).  

Also, some taxa form the basis of culturally, recreationally and commercially 

important fisheries. 

28. The most recent listing of the conservation status of New Zealand freshwater fish 

taxa under the New Zealand Threat Classification System was published in 2014 

(Goodman et al. 2014).  It should be noted, however, that the conservation status 

listing of New Zealand freshwater fish is currently being reviewed. 

HABITAT REQUIREMENTS AND LIFE HISTORIES WITH RESPECT TO 

FLOW 

29. Habitat requirements for the twenty native freshwater fish taxa in the BOP region 

are wide-ranging and variable.  For the sake of brevity, the habitat requirements and 

general biology of each of the twenty fish taxa are summarised in tabular format in 

Table 2. 

Category 2001 2004 2009 2013 

Total number of ‘Threatened’ fish taxa  10 10 15 23 

Total number of ‘At Risk’ fish taxa  16 20 20 19 
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Table 2.  Native freshwater fish values of the Bay of Plenty Region including conservation status, habitat requirements and general biology. 

Common name Taxa Conservation status1 Habitat requirements2 
Diadromous 
(Y/N)2, 3 

Spawning habitat and timing2, 3 

Shortfin eel Anguilla australis  Not Threatened 

Use a wide variety of habitats such as lakes, wetlands and 
low elevation rivers and streams.  Usually secretive and 
nocturnal, using cover such as aquatic macrophytes, large 
woody debris, tree roots, undercut banks, deep pools and 
large boulders.  Most abundant in low gradient waterways 
close to the coast. 

Y 
Marine – subtropical Pacific Ocean 
spawning grounds 

Longfin eel Anguilla dieffenbachii At Risk – Declining 

Like shortfin eels, also uses a wide variety of habitats.  
Juveniles and smaller adults live amongst gravels in riffles; 
larger adults forage in riffles.  Instream cover used by 
adult eels includes aquatic macrophytes, large woody 
debris, tree roots, undercut banks, deep pools and large 
boulders. 

Y 
Marine – subtropical Pacific Ocean 
spawning grounds 

Torrentfish Cheimarrichthys fosteri  At Risk – Declining 
Fast-flowing areas in the centre of riffles and rapids in 
open stony rivers.  Can penetrate long distances inland, 
especially females. 

Y 
Nov–May, with peak Jan–Apr; habitat 
unknown, but thought to lay eggs 
among rocky riffle habitat. 

Dwarf galaxias 
Galaxias aff. divergens 
‘northern’ 

At Risk – Declining 
Generally found in shallow, cobble-dominated riffle 
habitats in streams or along the margins of larger rivers, 
mainly in foothill catchments. 

N 

Sept-Oct peak, but likely to vary 
across the species’ extended 
geographic range.  Habitat not known, 
but thought to lay eggs among mineral 
substrates within or near adult habitat. 

Giant kōkopu Galaxias argenteus At Risk – Declining 

Adult fish live in deep, slow-flowing water with plenty of 
instream cover.  Instream cover such as; woody debris, 
macrophytes, undercut banks, and riparian vegetation are 
very important for giant kōkopu.  Juveniles live in similar 
habitat to the adults, but use faster-flowing backwaters 
close to riffles. 

Y* 
Apr–Aug, on low gradient stream 
banks amongst vegetation on riparian 
margins alongside adult habitat. 

Kōaro Galaxias brevipinnis At Risk – Declining 

Known as riffle dwellers, living in fast flowing shallow 
habitats with cobble and boulder substrates, in forested 
catchments.  Can also inhabit lakes (non-diadromous 
populations). 

Y* 
Apr–Jun; amongst gravels on river 
margins alongside adult habitat 
(partially submerged). 

Banded kōkopu Galaxias fasciatus Not Threatened 

Small stable streams with large cobble substrate, and 
pools.  Like giant kōkopu require good instream cover 
(e.g., undercut banks, large woody debris, marginal 
vegetation, etc.). 

Y* 
Apr–Jun; riparian margins alongside 
adult habitat. 

Īnanga Galaxias maculatus At Risk – Declining 
Live in a wide variety of pelagic habitats, but prefer areas 
where instream cover is available (e.g., macrophytes and 
marginal vegetation). 

Y* 
Feb–Jul, with peak Mar–May; riparian 
vegetation in tidal reaches. 
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Shortjaw kōkopu Galaxias postvectis  
Threatened – Nationally 
Vulnerable 

Densely forested streams with large cobble and boulder 
substrates, and stable pools. 

Y* 
Apr–Jul, with peak May–Jun; amongst 
litter and gravels on river margins 
alongside adult habitat. 

Lamprey Geotria australis  
Threatened – Nationally 
Vulnerable 

Adult use stream margins, large cobbles and boulders, and 
holes and crevices for cover.  Larvae (ammocoetes) 
occupy shallow, silty, slow-flowing margins and 
backwaters where they remain buried in the sediment 
during the day.  Juveniles can be found in riffles. 

Y 
Spring – early summer; under large 
boulders. 

Cran’s bully Gobiomorphus basalis Not Threatened 
Mostly in inland boulder/cobble-dominated streams.  
Solitary and often secretive. 

N 
Spring – summer; eggs laid in nests 
under large rocks. 

Common bully 
Gobiomorphus 
cotidianus 

Not Threatened 
Amongst gravel/cobble substrates in margins of gravel 
rivers, usually in areas of slower flow. 

Y* 
Oct–Feb; eggs laid in nests under 
rocks or amongst aquatic vegetation 
or instream debris. 

Giant bully 
Gobiomorphus 
gobioides  

Not Threatened 
Habitats containing plenty cover (e.g., overhanging banks, 
large rocks and large woody debris).  Highly solitary and 
territorial. 

Y 
Oct–Feb, not well known, but similar 
to other bullies (i.e., nests under rocks) 

Bluegill bully Gobiomorphus hubbsi  At Risk, Declining 
Gravelly streams and rivers.  Live amongst coarse gravel 
and cobble substrates in riffles and fast runs. 

Y 
Aug–Feb; eggs laid in nests within 
instream cover or under rocks. 

Redfin bully Gobiomorphus huttoni  At Risk – Declining 
Stable rivers and streams with moderate to swiftly flowing 
water.  Live amongst large cobble and boulder substrates 
in riffles and rapids. 

Y 
Aug–Nov; eggs laid in nests on flat 
surfaces on the underside of rocks in 
slower-flowing, shallow areas. 

Common smelt Retropinna retropinna  Not Threatened 

Still/gently flowing water in estuaries and lowland rivers; 
often in open waters and around margins of lakes.  Many 
form non-diadromous populations in estuarine/coastal 
and inland lakes. 

Y* 
Jan–Jul, with peak Mar–May; spawn 
on sand bars of lower river reaches. 

Black flounder Rhombosolea retiaria  Not Threatened 
Usually in slow flowing, low elevation habitats, but 
sometimes in rivers with coarse gravel substrates, and in 
rapid-flowing waters. 

Y Unknown 

Yellow-eyed mullet Aldrichetta forsteri  Not Threatened 
Mostly marine to estuarine, but penetrates upstream in 
low elevation rivers and coastal lakes, seldom far beyond 
the tidal influence. 

N – marine 
wanderer 

Marine 

Estuarine triplefin Forsterygion nigripenne Not Threatened Usually in estuaries. 
N – marine 
wanderer 

Marine 

Grey mullet Mugil cephalus Not Threatened 
Mostly marine to estuarine, although can penetrate up 
large northern rivers. 

N – marine 
wanderer 

Marine 

Notes: 1 Goodman et al. (2014); 2 McEwan (2015), and references therein; 3 Water Ways Consulting Limited (2017), and references therein; * These taxa can also form non-diadromous 
populations (i.e., facultatively diadromy). 
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30. In addition to the information provided in Table 2 above, native fish require 

different habitats for different stages of their life cycle (i.e., spawning, nursery, 

juvenile and adult habitat) (ontogenetic habitat shifts2).  Unfortunately, however, 

the habitat requirements for each life history stage of many native freshwater fish 

species is not well known, especially spawning and nursery habitat requirements. 

31. Diel and seasonal variation in habitat preferences have been shown for New 

Zealand’s native freshwater fish, whereby individuals have differing habitat 

preferences depending on time of day and season (David & Closs 2003; Davey et 

al. 2011).  Many fish switch between distinct sheltering or resting habitats during 

the day, to more active foraging behaviours at dusk or night (crepuscular activity) 

(e.g., giant kōkopu) (David & Closs 2003).  Davey et al. (2011) found that bluegill 

bullies and torrentfish preferred riffles during the daylight hours but increased their 

use of runs when active at night.  With respect to seasonal variation in habitat use, 

David & Closs (2003) found that giant kōkopu occupied areas of low flow 

velocities, relatively deep water and silty substrata when active during winter, 

whereas when active during summer, they occupied areas of higher water velocities, 

shallower depths and coarser substrata (i.e., actively selecting different habitats by 

season). 

32. Such temporal shifts in habitat preference means that to protect a particular fish 

taxon within a catchment, it is necessary to retain suitable habitat (and unimpeded 

access to it) for all stages and periods of that taxon’s life history, not just daytime 

adult habitat. 

33. Fifteen of the twenty native freshwater fish taxa (75%) recorded from the BOP 

region are diadromous – meaning they migrate between freshwater environments 

and the sea during some part of their life cycle (McDowall 1990).  Only two fish 

taxa are non-diadromous, dwarf galaxias and Cran’s bully, meaning they spend their 

entire life cycle in freshwater.  The remaining three fish taxa can be termed ‘marine 

wanderers’, as they are marine and estuarine species that often stray into 

freshwaters – yellow-eyed and grey mullet, and estuarine triplefin. 

34. The migratory patterns of these diadromous taxa can be further divided into three 

main categories: ‘catadromous’, ‘anadromous’ and ‘amphidromous’.  Catadromous 

                                                 
2 Ontogenetic changes in habitat are driven by shifting life history requirements, whereby different habitats 
are selected during various life history stages, often to avoid predators and/or improve foraging (and thereby 
maximise energy gains) (Sutherland 1996, cited in Ong et al. 2015). 
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species (eels) live in freshwater but migrate to spawn at sea.  Anadromous species 

(lamprey) spend most of their lives at sea then migrate upstream from the sea to 

spawn in freshwater.  Finally, amphidromous taxa (large galaxiids, īnanga and 

bullies (common, giant, bluegill and redfin), torrentfish and common smelt) spend 

part of their life at sea, but this marine stage is not directly related to spawning.  

Larval movement to the sea is facilitated by river flow, which is followed (several 

months later) by an upstream migration of juveniles back into freshwater, where 

they develop into adults and spawn (McDowall 1990).  Therefore, unimpeded 

access to and from the sea is required for all these diadromous fish taxa (i.e., 

maintaining open river mouths).  Furthermore, it is recognised that the freshwater 

plume provides a cue for the larvae of certain fish taxa to return to rivers from their 

marine larval pools (McDowall & Eldon 1980). 

35. Within the amphidromous fish taxa, however, it is recognised that there is flexibility 

in their migrations.  For certain amphidromous fish taxa, diadromy is facultative 

rather than obligatory, as local recruitment within freshwaters (with unimpeded 

connectivity to the sea) has been observed for many of the whitebait and a few 

Gobiomorphus taxa (David et al. 2004; Hicks et al. 2017).  The relative contributions 

of these non-diadromous individuals to the population size, structure, and 

resilience of the overall population is largely unknown; however, recent research 

suggests that non-diadromous recruitment could be the dominant strategy (>90% 

of recruits), at least in waterways where suitable pelagic freshwater habitat exists 

(Hicks et al. 2017).  This highlights the importance of such rearing habitats (e.g., 

standing water habitats in lower reaches [David et al. 2004]) for native fish, and 

particularly the need to maintain surface water connectivity to them. 

36. In addition, unimpeded access throughout the rivers networks is also vital to 

protecting native freshwater fish values.  Fish passage can be impeded by instream 

structures (culverts, fords, etc.) and natural barriers (waterfalls), while low flows can 

also impede fish passage via (i) disconnecting flowing reaches (intermittent 

sections), (ii) creating overly shallow reaches, and (iii) creating physico-chemical 

barriers (excessive temperature, inhibitive low dissolved oxygen [DO] 

concentrations) (Richardson 1994; Franklin 2014).  Low flow can lead to increased 

water temperatures, due to loss of thermal buffering (i.e., smaller waterbodies heat 

up easier than larger ones); this in turn can yield reduced DO concentrations as the 

solubility of DO decreases with increasing temperature.  Many native freshwater 

fish in New Zealand show a preference for cooler water temperatures (e.g., kōaro) 
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(Richardson 1994), and can only tolerate high temperature for short periods.  For 

example, the 27°C thermal plume of Huntly Thermal Power Station presented a 

migration barrier, which īnanga avoided by moving to the other side of the river 

(Stancliff et al.1989).  Lower flows can also yield certain in-stream structures less 

amenable to fish passage (e.g., passage depths at culverts can become too shallow 

for native fish to swim through at lower flows). 

37. Flow is a major determinant of the physical habitat in streams and rivers, and 

thereby has a major influence on aquatic communities (algae, invertebrates, fish, 

etc.) (Biggs et al. 2005; Poff et al. 2010).  Scientific research in New Zealand has 

identified several ecologically important components of the flow regime, 

specifically with regards to fish: 

a) Large floods: important for maintaining channel form and large-scale 

sediment transport.  They are often referred to channel-forming flows, and 

are likely to be in the order of an annual flood flow (Clausen & Plew 2004).  

For example, Jellyman et al. (2013) noted that bed-moving disturbance 

events had a major influence on fish biomass and assemblage structure in 

20 streams in Canterbury. 

b) Small floods and freshes: important for mobilising fine sediment for certain 

areas, removing periphyton and other aquatic vegetation, and can assist fish 

passage.  These flows generally ‘flush’ and ‘reset’ the river bed by removing 

silt and algal coatings, and inhibit vegeattion from coloninsing areas not 

covered by flowing water (Jowett & Biggs 2006).  These ‘flushing flows’ are 

generally in the order of 3–6 times the median flow (Clausen & Biggs 1997). 

c) Low flows: the period of minimum wetted habitat availability.  The MALF 

is recognised as an ecologically-influential flow statistic for native fish, at 

least where habitat declines through the MALF (Jowett et al. 2008).  Jowett 

et al. (2005) showed that in the Waipara River, where habitat is limited at 

low flow, reduced fish abundances over summer and autumn were 

consistent with the magnitude and duration of low flows.  The reductions 

were significant in the year of lowest flow, while less change was observed 

in the year when low flows were highest.  At the habitat guild level, 

abundances of species with high water velocity preferences decreased 

during periods of low flow, whereas abundances of species with low 

velocity preferences increased.  Extremely low flows, and subsequent drying 

reaches that form barriers to predatory trout, are also suggested as 



13 

important factors that contribute to the protection of non-migratory 

galaxiid populations (Woodford & McIntosh 2013). 

d) Flow recessions (higher than usual flow in the few days or weeks following 

a flood): these periods on the hydrograph (descending limb) offer increased 

habitat area and food supply additional to the wetted area available at the 

MALF (utilising lateral floodplain habitats such as off-channel lakes and 

wetlands – Chisnall & Hayes 1991; Górski et al. 2014).  Additionally, the 

duration of flow recessions can also have a major influence on fish 

communities by affecting migration and spawning potential.  Many native 

fish migrate and/or spawn during elevated flows; therefore, if abstractions 

yield quicker flow reductions than normal, this may lead to reduced 

migration and/or spawning opportunities.  For example, terrrestrial, flood-

derived food items are an important food source for eels and other native 

fish (Main et al. 1988; Jellyman 1989). 

e) Flow variability, across a range of scales: this describes the almost constant 

flow variability in a river over time.  This area has received much attention 

in ecohydrology research, specifically with regards to determining flow 

management regimes.  Flow variability is considered to be an essential 

element of the flow regime that should be maintained, avoiding long 

periods of artificial ‘flat-lining’ at the minimum flow (Jowett & Biggs 2006).  

Recent research on the presence or absence of migratory and non-

migratory native fish in New Zealand found that flow variability was a more 

important determinant of community structure, in comparison with low 

flows (Crow et al. 2013).  The authors of that study state the importance of 

flow variability in structuring freshwater fish communities: “Our findings 

support the premise that although physical habitat may be one aspect influencing fish 

communities, other aspects such as flow variability should also be considered.” 

38. The influence of these large-scale components of the flow regime (listed above) on 

native fish is reasonably well documented.  For example, it is recognised that 

elevated flows can stimulate up-and downstream migrations, spawning and egg 

hatching (e.g., Allibone and Caskey 2000; Boubée et al. 2001; David & Closs 2002; 

Jellyman et al. 2002; Charteris et al., 2003; McDowall & Charteris 2006; Franklin et 

al. 2015).  For example, īnanga spawn on riparian vegetation in tidally influenced 

lower reaches of waterways during high ‘spring’ tides, and rely on subsequent 

inundation to stimulate hatching (McDowall 1990).  If this subsequent re-
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inundation does not occur within about six weeks (Benzie 1968) (e.g., due to 

excessively high water abstraction rates), then mass egg mortality can be expected. 

39. However, there is still a dearth of information on the specific flow thresholds that 

‘trigger’ life history events for many of the native fish taxa (i.e., up/down/within 

stream migrations, spawning and egg hatching/emergence cues).  This is evidenced 

by the fact that the first observation of giant kōkopu (Franklin et al. 2015) and 

lamprey spawning habitat (Baker et al. 2017), as well as torrentfish larvae (Jarvis et 

al. 2017) are all recent discoveries. 

40. Based on the research of Charteris et al. (2003) and the more recent study by 

Franklin et al. (2015), large-bodied galaxiids (and īnanga) taxa may be more 

sensitive to altered flow regimes, at least with respect to accessing spawning habitat 

and successful egg hatching.  These taxa, four of the five of which are listed as 

‘Threatened’ or ‘At Risk’ (Goodman et al. 2014), deposit eggs in habitats only 

temporarily submerged by elevated water levels, where they develop terrestrially, 

before hatching when the eggs are re-inundated during later high flows (or ‘spring’ 

tides in the case of īnanga) (McDowall & Charteris 2006).  In contrast, bullies 

(Gobiomorphus spp.) and torrentfish (unconfirmed, but likely – Warburton 2015) are 

mainly benthic spawners, and may not be as sensitive to alterations to mid-range 

flows (i.e., spawning and egg hatching may occur over a wider range of flows).  In 

fact, recent research on bullies shows distinct diel patterns of larval drift (Jarvis & 

Closs 2015), which suggests that time of day, rather than physical disturbance by 

high flow events, may be the main determinant for hatching and larval migrations.  

The exact mechanism(s) driving such diel patterns of larval drift in bullies remains 

unclear however. 

41. Jarvis & Closs (2015) do, however, highlight the importance of riffle habitats as 

refugia for migrating bully larvae, at least in their study river.  Such habitats, are 

most at risk from water abstractions, as these habitats experience the most rapid 

areal reduction as flows decline (Magoulick & Kobza, 2003).  Recent research 

shows that certain amphidromous larvae migrate for only a few hours per day 

(Jarvis & Closs 2015), and undertake swimming behaviours (swimming upward 

within the water column) to maximise movement downstream using stream flow 

(Jarvis et al. 2017).  Jarvis et al. (2017) also noted that time to death for bluegill 

bully larvae in freshwater was less than one week.  Therefore, if water abstractions 

lead to reduced water velocities, which in turn yields longer migration times for 

amphidromous larvae, then this will adversely affect their population(s). 
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42. Native fish have specific flow requirements, that vary in both space and time.  

Accurately predicting a long-term, population-level response to a specific flow 

alteration is very difficult due to (i) our current limited understanding of the biology 

of many of New Zealand’s native freshwater fish (especially amphidromous taxa), 

and (ii) the uncertainties and complexities around setting environmental flows 

(Booker & Graynoth 2009; Snelder et al. 2011; Acreman et al. 2014; Snelder et al. 

2014). 

43. The specific flows that ‘trigger’ certain life history events vary between taxa and 

among age classes.  Similarly, fish are at a high trophic level in aquatic food chains, 

the effects of altered flows on lower trophic levels (e.g., macroinvertebrates – prey 

for many native fish) also needs to be considered (amongst other non-target taxa). 

44. Furthermore, the hydrological regime of a river interacts with its channel geometry 

(i.e., channel confinement, cross-sectional shape and slope), such that hydraulic 

conditions (water velocity, depth and wetted width) vary both within (laterally and 

longitudinally) and between waterways (Leopold & Maddock 1953; Leopold & 

Wolman 1957; Jowett & Duncan 1990).  Therefore, for a given hydrological 

alteration in two rivers (e.g., flow reduction of 30% of MALF), the response in 

hydraulic conditions between the two will vary due to differing hydrological–

hydraulic relationships.  For example, reducing flow in a river reach with a 

predominantly trapezoidal cross-section will affect hydraulic variables very 

differently to a river reach with a predominantly semi-elliptical cross-section due to 

differences in hydraulic radii3 (e.g., a deep, high-banked, narrow mountain stream 

versus a broad, shallow lowland river). 

FISH SCREENING 

45. As mentioned above, most native fish undertake migrations up-, downstream and 

within waterways at various stages of their life cycle.  Therefore, migrating fish are 

at risk of being entrained into water intake infrastructure without appropriate fish 

screening at the intake. 

46. The largest migrating fish taxa are eels, and these are probably easily excluded from 

intake structures.  However, most freshwater fish are smaller (mainly <150 mm as 

adults, and <10 mm as juveniles), and it is these smaller taxa (particularly their 

                                                 
3 A measure of water depth in a channel defined as cross-sectional area of flowing water divided 
by the length of wetted perimeter (Leopold & Maddock 1953). 
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juvenile stages) that require most attention with regards to fish screening (Charteris 

2006). 

47. The current plan (Rule 41; Permitted – Take and Use of Surface Water) provides 

guidance on mesh aperture size for screening water intake infrastructure: a 

maximum of 5-mm mesh aperture size in tidal areas of rivers and streams, and a 

maximum of 3-mm in non-tidal areas, with an intake velocity through the screen 

not exceeding 0.3 ms-1.  While the upper limit of 5-mm mesh may be adequate for 

larger fish, it provides little protection for smaller juveniles and larvae.  For 

example, kōaro spawn in the mid-upper reaches of waterways, and therefore their 

larvae are highly susceptible to entrainment through 5-mm aperture size mesh. 

48. A review of the field investigations of six fish screens at irrigation takes by Bonnett 

et al. (2014) stated that “the maximum aperture size (3 mm side-of-square or 2 mm bar 

width) recommended in the (2007) Guidelines4 was not conclusively tested by these trials, but 

otherwise remains appropriate for conventional mesh or plate screens, as it will prevent the passage 

of most juvenile salmonids and native fish”.  Therefore, it is recommended that a 

precautionary approach be applied whereby all screens should be fitted with the 

smaller mesh aperture size, regardless of location along a watercourse (i.e., tidal or 

non-tidal). 

49. In addition, the approach velocity5 should not exceed 0.12 ms-1, and the screen 

sweep velocity6 should exceed approach velocity (Jamieson et al. 2007), and should 

preferably exceed 0.5 ms-1 (Charteris 2006).  Although higher than the intake 

velocity stated in the Plan (0.3 ms-1), Bonnett et al. (2014) did note that “approach 

velocities of 0.4 m/s caused significant impingement”.  It is well recognised (based on the 

swimming abilities of many of New Zealand’s native freshwater fish) that a greater 

level of protection will be afforded by approach velocities less than 0.3 ms-1 

(Charteris 2006, and references therein). 

50. Studies have shown that entrainment of larvae into irrigation systems can pose a 

significant threat to amphidromous taxa, with losses being recorded in the range of 

42% under normal conditions, climbing to 100% during periods of low flow 

(Benstead et al. 1999).  The small size of amphidromous larvae (up to a few mm in 

                                                 
4 Fish screening: good practice guidelines for Canterbury (Jamieson et al. 2007). 
5 ‘Approach velocity’ refers to the speed of water onto and through the screen.  The approach velocity should 
be low enough for fish to escape the screen by swimming upstream against the flow (Bonnett et al. 2014). 
6 ‘Sweep velocity’ refers to the speed of water across the face of a screen (i.e., at right-angles to the approach 
velocity) to promote the transport of fish toward a bypass.  The sweep velocity across a screen should be at 
least as fast as the approach velocity, and preferably even faster (Bonnett et al. 2014). 
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length after hatching) means that currently used mesh aperture size screens (3 and 5 

mm) are ineffective at preventing larval entrainment.  Charteris (2006) notes that 

fine mesh screens, in the order of 0.3 mm aperture size mesh, would be needed to 

prevent the entrainment of native larval fish.  However, amphidromous larvae are 

also at higher risk of impingement on smaller aperture size mesh due to their 

limited swimming ability. 

51. As pointed out by Bonnett et al. (2014), it is obvious that further research is needed 

on various aspects of native fish biology to ensure that the 2007 guidelines are 

appropriate for native fish.  Nevertheless, in the interim, one option that should be 

considered is ceasing water abstractions in the lower reaches of waterways post-

sunset.  This management option, whilst minimising disruption for human 

activities, may improve larval survival of native fish larvae, as recent research 

suggests that a post-sunset peak in larval drift may be widespread, at least for 

amphidromous taxa (Jarvis & Closs 2015, and references therein). 

52. Depending on the type of intake structure, a fish bypass system may be required 

(i.e., if fish are removed from the main body of the river, a fish bypass must be 

provided).  If required, it is recommended that the design of such fish bypasses 

should follow the recommendations in Jamieson et al. (2007). 

CONCLUSION 

53. Flow is one of the three main components (as well as water quality, and habitat 

[instream and riparian]) that comprises the physico-chemical habitat template of 

streams and rivers.  These three components can be likened to a three-legged stool, 

which provide a seat (platform) upon which the aquatic ecosystem and its 

constituent biotic communities inhabit and interact.  Any alteration to this leg of 

the stool, in either space or time, will impact its support, and thereby its influence 

on the aquatic ecosystem; the relative influence of which being scaled on the degree 

of hydrological alteration. 

54. It is very difficult to accurately determine how flow alterations will affect certain 

key habitats such as temporary rivers (Larned et al. 2010) and lateral habitats 

(connectivity to off-channel wetlands and ponds, side-braids, etc.).  This difficulty 

in predicting response to flow alterations is especially the case for higher trophic 

level taxa (such as fish and riverine birds), as their behaviour and life-histories are 

complex and is not solely dependent on flow.  The need to further our 
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understanding of fish-flow relationships for the conservation of aquatic biota is 

well-recognised in New Zealand (Closs et al. 2016). 

55. Considering these uncertainties, and having conferred with Mr Duncan, it is my 

opinion that his evidence and recommendations in relation to minimum flows and 

interim surface water allocation thresholds will: 

a) result in an approach that is sufficient to sustain in-stream ecological values; 

and 

b) help ensure such that the flow regime of under-allocated rivers more closely 

resembles a natural flow regime and will help avoid any further departure of 

flows (from a natural flow regime) in over-allocated rivers. 

 

 
 
Thomas Joseph Drinan 

7th of March 2018 
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APPENDIX 1 – RECORDED NATIVE FRESHWATER FISH DISTRIBUTIONS FROM THE BOP 

REGION (NZFFD RECORDS).  LISTED ALPHABETICALLY BY SCIENTIFIC NAME. 
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APPENDIX 2 – PHOTOGRAPHS OF SOME OF THE NATIVE FRESHWATER 

FISH PRESENT IN THE BOP REGION 

 
Shortfin eel 

 
Torrentfish 

 
Giant kōkopu 

 
Kōaro 

 
Īnanga 

 
Lamprey 

 
Giant bully 

 
Redfin bully 

 
Note: All images Crown Copyright: Department of Conservation Te Papa Atawhai. 
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APPENDIX 3 – NEW ZEALAND THREAT CLASSICIFICATION SYSTEM 

 

 

Figure 1.  New Zealand Threat Classification System categories (Townsend et al. 2007; 
source: Department of Conservation7). 
 

                                                 
7 http://www.doc.govt.nz/nature/conservation-status/, accessed 27 September 2017. 

http://www.doc.govt.nz/nature/conservation-status/

