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Fish passage research for Southern Hemisphereesplagss significantly behind that for Northern Hspfhiere
species. This is despite there being a relativedi Iprevalence of diadromous species relying or &iecess
between marine and freshwater environments to catepheir life cycles. With an emphasis on New Zedl
experiences, this paper discusses some of theenlga associated with transferring knowledge anithade
from the Northern Hemisphere, and highlights thednéor novel approaches for progressing fish passag
research in the Southern Hemisphere. One of thé sigrsficant challenges is that many Southern Hgpimére
fish species undertake their main upstream migrates small bodied juveniles that range in sizenfid-60
mm. This precludes the use of most state-of-thésimtelemetry methods (e.g. PIT and acoustic taggfar
studying behavior, because tags are too largdsdt means there is a need for greater focus omntpact of
small instream structures, e.g. culverts, on cativigc A further constraint is that the fundamentéaology and
basic swimming capabilities of many Southern Heimésp fish species are poorly understood, limitihg t
ability to establish whether existing solutions dransferable. The unique behavior of some Southern
Hemisphere species (e.g. the ability to climb wefaxes) opens up new avenues of fish passagechsaad a
need for innovative approaches to finding solutidrs maximize these opportunities there is a neaeshtbrace
inter-disciplinary approaches and improve knowleslgaring.

1 INTRODUCTION

To design effective fish passage solutions, thera need to understand the life cycles, habitafepeces,
behaviors and swimming abilities of the fish spedie be provided for. Knowledge of these charasties is
reasonably well researched for many Northern Helngispfish species, allowing the creation of reldtivrobust
design criteria for fishways. However, for many 8eun Hemisphere species this is not the casethand are
still notable knowledge gaps regarding basic ecokotd the capabilities of even some of the mostrmomfish
species. Furthermore, in contrast to the salmgmédiss that have historically been the focus oftmafcthe fish
passage research in the Northern Hemisphere, tiege significant number of species in the Southern
Hemisphere that undertake their main upstream mgi®as weak-swimming juveniles. Consequently, yran
the traditional fishway designs from the Northemnkisphere are largely ineffective for the nativecsps of the
Southern Hemisphere due to their differing biolagicharacteristics. These differences also proetdgdlenges
for transferring current state-of-the-art methodds that have evolved for large bodied fish to Suathern
Hemisphere.

The focus of this paper is to discuss some of thalenges associated with transferring knowledgd an
research methods from the Northern Hemispherestareh on Southern Hemisphere fish species. Additin
we look to highlight some of the opportunities ftmveloping novel and innovative techniques for usidading
and finding solutions for these unique species.

2 STATE-OF-THE-ART IN FISH PASSAGE RESEARCH

A variety of experimental and field-based approadieve evolved in the field of fish passage reseadvicich of
this innovation was originally driven by the needdevelop fish passage criteria for large-bodiealdammous
salmonids and is consequently orientated towardsacterizing their movements and behavior. Moremdyg,
interest has increased in understanding the regainés of other fish taxa, such as cyprinids anduiiits,



which has resulted in further methodological depeients. However, many of the approaches remain most
suited to large-bodied fish.

Biotelemetry methods have been fundamental to emihgrour understanding of fish behavior in and
around fishways. Passive Integrated Transpondér) (@bs have been widely used due to their relitileav
cost and suitability for a wide range of specidse Emall 8-12 mm PIT tags have further boostecstope of
this technology for tracking smaller fish, but femall-bodied fish <60 mm in length, the size of thgs still
limits their applicability. Acoustic and radio tagg offer the opportunity to actively track indiudl fish
behavior, providing more detailed information oe tiesponse of fish to different stimuli, but thetéey life and
physical size still limits the size of fish able b tracked. For large-bodied fish, the combinatidrhigh
resolution acoustic tracking with hydraulic modadjiis proving to offer valuable insights into fiskehavior at
and around barriers and fishways [1]. New techrsgsiech as accelerometry and electromyogram telgmetr
offer the opportunity for greater insight into switimg behavior and the energetics of fish in fishsvgg].

Advances in technology for measuring the physibalracteristics of flow within and around fishwayfeo
the opportunity to better understand fish behawimder different hydraulic stimuli. Acoustic Doppler
velocimetry (ADV) and particle imaging velocimetfiylV) offer the ability to characterize hydrauliashigher
spatial and temporal resolutions than ever befdfben combined with videography, this has helpedam
greater insight in to the significance of turbulerand three-dimensional flow characteristics fadamtanding
fish behavior and their ability to pass differemtistures [3].

Greater computational capabilities have also opamgdptions for improved modelling studies to help
inform the design of fishways. Computational fludgnamics (CFD) offer the ability to simulate hydiau
dynamics in two and three dimensions, helping tdeustand the evolution of flow fields under differdlows
and fishway designs. The capability to link thidigh behavior through bioenergetic and agent basedelling
facilitates an improved mechanistic understandifidish responses to hydraulic and physical stimahd
therefore in how fishways can be improved to enbaheir efficiency [4].

What is clear is that there is a need to adopt ipleltcomplementary approaches for elucidating the
biological requirements that define the design iemoents of fishways. There is a need to integbath field
and laboratory based experimental work with in-gitapirical observations of fish behavior. Furtherepcan
integrated ecohydraulic approach that combines Htmthogical and engineering techniques is requited
optimize outcomes. To date, much of the developnrettis field has occurred in the Northern Hemiseh
with a focus on large-bodied, strong swimming figlecies. There has been recent progress in adaoting of
these methodologies to weaker swimming and smidller but the contrasting biological charactersté many
temperate Southern Hemisphere species presentsicsigh challenges for transferring these methodd a
advancing the science of fish passage researtie iBauthern Hemisphere.

3 KEY CHALLENGESFOR FISH PASSAGE RESEARCH IN THE SOUTHERN
HEMISPHERE

Despite many years of underpinning research, tlicaefy of many fishways operating in the Northern
Hemisphere is still sub-optimal, particularly witspect to catering for multiple species. Key arajes include
understanding attraction flows, quantifying andimgting passage efficiency, developing solutionsdomplex
species assemblages, and catering for downstregmation. State-of-the-art techniques, and partitylthe
adoption of ecohydraulic approaches that combinelogical and engineering methods, are essential to
progressing these challenges. However, the diffebimlogical characteristics of some of the key tBetn
Hemisphere species means that transferring existiethods and approaches for undertaking fish passag
research is not always suitable or feasible. Sonieeokey challenges are:
« The fundamental ecology of many species is poartjeustood because they have not been well
studied,;
e The main upstream migrations of some of the kegisgdake place during the juvenile life-stage when
fish are small and weak swimming;
« The swimming capabilities of many species havebeen well quantified;

« Some fish have evolved alternative means of locampe.g. climbing, for overcoming obstacles.
The implications of these challenges for prograsfish passage research in the Southern Hemisphere
discussed below.



3.1 Fundamental ecology ispoorly understood

A key aspect of designing effective fishways isktmw when fish are migrating and where they areingm
from and going to. In the absence of this knowledlgis difficult to know what species need to kmered for,
what size they will be at the time of migration,attilow conditions the fishway needs to be optirdifer and
where in a catchment passage has to be providexe Ere many Southern Hemisphere species for vhade
fundamental ecological characteristics are stllitreely poorly understood. For example, the spagrtiabitat

of the pouched lampreyGéotria australis) and the largest of the galaxiid species, thetdiakopu Galaxias
argenteus), have only been discovered in the last three sy§al Furthermore, new species continue to be
discovered, with fourteen taxonomically indeterntntaxa included in the most recent national thraakings

in New Zealand. To support fish passage reseahnehe tis therefore a need to enhance knowledgeesétkey
life-cycle characteristics and habitat requirements

3.2 Upstream migration asweak swimming juveniles

Another feature of many native freshwater fish gmedn the Southern Hemisphere is the prevalence of
diadromy. In New Zealand, the majority of the megtespread native fish species have a diadroméisycle,
with the main upstream migration most frequentlgwdng during the juvenile life-stage, when figle amall-
bodied and 15-60 mm total length. This presentspenticular challenges for fish passage reseairicthyf; due

to the small size and weak swimming ability of #ndish at the time of migration, seemingly smalsibctions

in waterways can significantly impede upstream pgssBaker [6], for example, demonstrated thatHeaights

of as little as 100 mm restricted passage of jugecdommon bully Gobiomorphus cotidianus) and inanga
(Galaxias maculatus). Consequently, there is a need to consider faasg@ge solutions that cover a much wider
range of obstacles compared to those for adult@dtis which would have no problem overcoming alialight

of 100 mm. Secondly, the small body size of fislthattime of migration means that biotelemetry radthare
largely excluded as an option for studying fish d&@gbr during migration for many species. The adveht
smaller tags has increased the scope for adoptoiglémetry methods for investigating adult lifags and
large bodied species. However, alternative metlawoestill required for elucidating in-situ behawaf juvenile
migrants. The use of Dual Frequency Identificat8omar (DIDSON) has shown some promise in this dref,
the ability to distinguish between species of srhallied fish such as juvenile galaxiids is stiliniied.
Experimental methods that utilize high resolutiodeegraphy for monitoring fish behavior offer anath
possible avenue for dealing with the challengesarking with small fish. Netting allows evaluatiofinumbers

of fish moving, but is restricted in terms of mamihg detailed behavioral information.

3.3 Swimming capabilities are poorly quantified

Optimal design of fishways requires knowledge cafhfiswimming performance. Variation in swimming
performance between fish species is high and thergfresents one of the main challenges in catéoingulti-
species assemblages. While considerable work hasdaried out to understand the swimming perfooaaf
many of the key Northern Hemisphere species, etialuaf swimming performance in Southern Hemisphere
species has been relatively limited. There aredablished studies of swimming performance for Nexaland
fish species, for example, and these are limiteth wespect to the number of species, life stageb an
environmental parameters tested [7, 8]. This lintie ability to theoretically evaluate the suitapilof
traditional fishway designs for use in the SouthElemisphere. It also constrains the ability to mefrobust
fishway design criteria for native species, conttitg to a lack of confidence in proposed solutiams
guidelines. Furthermore, it limits the ability t@wklop mechanistic models of fish performance atilize
bioenergetic approaches for understanding fish\iehal here is a significant need for researchhis area that
also takes into account the potential role of tigbce in influencing swimming capabilities.

3.4 Alternative forms of locomotion

A relatively unique feature that has evolved in so8outhern Hemisphere species is the ability imkchvet
surfaces during the juvenile life stage. In NewlZed, this occurs in the widespread spe@akaxias fasciatus,

G. brevipinnis, G. argenteus and G. postvectis, and also inGobiomorphus huttoni, in addition to the anguillid
species. Migratory adult pouched lamprey also mssske ability to climb wetted surfaces. New Zedlan
waterways are often characterized as being relgtsrort and steep, and it is thought that the igraent of
the capability to climb may be related to the némdvercome the challenges of migrating inland dolta



habitats in the middle to upper reaches of thesasts. The utilization of this alternative formlo€omotion
presents a challenge in terms of understandingcaadacterizing the different climbing strategiespexcially
between large and small-bodied species. It alsoimes) a different way of thinking about optimizirigh
passage, with different features required to tatteamtage of this strategy that may not be condisiétn
traditional approaches for fishway design.

4 THE NEED FOR NOVEL SOLUTIONSAND INNOVATIVE APPROACHES

In the face of continued development of waterwayghie Southern Hemisphere, there is a need fodrapi
progress towards developing robust and effectish fiassage design criteria that cater specifidallythe
unique characteristics of diverse native fish comities. Due to some of the features identified ahalirect
transfer of existing state-of-the-art fish passeggearch methods will not always be possible. Gprestly,
there is a need to seek out novel and innovatiyeo@ehes for advancing fish passage knowledge. |Beivne
techniques for studying and characterizing the iehaf small-bodied fish is a key priority andfimdamental

to progressing fish passage research in the Souttemisphere. Finding ways of capturing and exjplgithe
climbing capabilities of some species also offees @apportunity for new avenues of research. Takihgantage

of this capability has been the basis of severaliss in New Zealand that have resulted in novkltiems for
enhancing passage of these fish species at instsaaiers [9, 10].

5 SUMMARY

Embracing the interdisciplinary approaches typifieg the ecohydraulic discipline should be centmal t
progressing fish passage research in the Southemridpghere. It is the integration of biological amjineering
techniques that have driven new advances in the diefish passage research. There is a need ndaotoat
how existing state-of-the-art techniques can besfeared and adapted for use on Southern Hemisgipeies
and to seek new methods that suit the unique ctaaistics of some of these fish communities.
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