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Executive summary 

� Species possess biological traits that reflect how they are born, live (including how 

they grow, feed, move, disperse and reproduce) and die. 

� There is growing interest in the use of macroinvertebrate species traits as an 

assessment tool for monitoring human impacts on stream ecosystems. 

� The use of species traits offers a fundamentally different way of examining ecosystem 

responses to human impacts than taxonomic-based measures, as traits reflect life 

history, physiology and the functional role that species play within the ecosystem and 

how disturbance affects these through direct effects on organism performance. 

� Species traits may also be useful for establishing mechanistic linkages between biotic 

responses and environmental conditions. 

� The New Zealand Freshwater Macroinvertebrate Trait Database comprises 16 

biological traits, representing life history, morphology, mobility and resource 

acquisition trait categories of New Zealand’s aquatic macroinvertebrates. 

� An extensive review of the New Zealand and overseas published and grey literature 

was undertaken to derive trait information. Unpublished data, personal observations 

and expert opinion were also used to derive and/or confirm initial trait information 

and to update the database. 

� Each trait is defined by a set of states or modalities, which describe the range of 

possible values for each trait. 

� Once the trait information was compiled, an extensive process was undertaken to 

assign affinity scores for each taxon, for each trait modality. The affinity score 

represents the association that the taxon has with a particular trait modality. 

� Because various sources of information are used to derive the traits, and taxa may 

show an association with more than one trait modality, ‘fuzzy coding’ is used to 

quantify the affinity of each taxon for each modality that contributed to a trait. 

� The functional composition of a set of sites can be described in terms of trait % 

abundance, by multiplying the abundance (or log abundance) of species at the sites by 

the affinities of those species for the various trait modalities (i.e., the trait database). 

� The New Zealand Freshwater Macroinvertebrate Trait Database has been used in a 

range of applications. 
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1 Introduction 

Species possess biological traits that reflect how they are born, live (including how they grow, feed, 

move, disperse and reproduce) and die. We assume that these traits have evolved as a consequence 

of selective pressures exerted by the organism’s environment (Southwood 1977, 1988). Certain 

suites of traits allow species to be successful in a given environment. Species that do not have the 

required traits do not survive and disappear from the community. 

There is growing interest in the use of macroinvertebrate species traits as an assessment tool for 

monitoring human impacts on stream ecosystems (Dolédec et al. 2006; Dolédec et al. 1999; Stark & 

Phillips 2009; Statzner et al. 2005; Archaimbault et al. 2010; Magbanua et al. 2013; Phillips and Reid 

2012a, b; Clapcott et al. 2017). The use of species traits offers a fundamentally different way of 

examining ecosystem responses to human impacts than taxonomic-based measures, as traits reflect 

life history, physiology and the functional role that species play within the ecosystem and how 

disturbance affects this through direct effects on organism performance (McGill et al. 2006). The 

habitat template model (Southwood 1977, 1988) provides the theoretical basis for this approach. It 

predicts that where environmental conditions are similar, species trait composition should also be 

similar, regardless of biogeographical differences in taxonomic composition. Townsend and Hildrew 

(1994) adapted this model for streams, suggesting that benthic communities should consist of 

species possessing traits well suited to both the temporal and spatial variability of their local 

habitats. This model has been used in numerous studies to examine the relationships between traits 

and environmental drivers (e.g., Scarsbrook & Townsend 1993; Statzner et al. 1997; Townsend & 

Scarsbrook 1997; Heino 2005; Beche et al. 2006). The approach is simple, intuitive and the effects of 

individual stressors are often a priori predictable. In general, traits have been found as effective, and 

in some cases, more effective, than traditional biomonitoring methods in differentiating human 

impacts (Dolédec et al. 2006; Magbanua et al. 2010; Rubach et al. 2010), even over large geographic 

areas (Charvet et al. 2000; Statzner et al. 2001; Lamouroux et al. 2004; Statzner et al. 2005; Dolédec 

et al. 2011). 

Species traits may also be useful for establishing mechanistic linkages between biotic responses and 

environmental conditions (Baird et al. 2010; Culp et al. 2010; Van den Brink et al. 2010). For example, 

the kinds of food (energy) sources available at a site will determine the kinds of feeding mechanisms 

that will be successful. In contrast, taxonomic-based measures generally only indicate that an 

ecological change has occurred (Culp et al. 2010). Due to the mechanistic basis of the trait approach, 

the species trait approach has been proposed for use in ecological risk assessment (Baird et al. 2010; 

Culp et al. 2010; Van den Brink et al. 2010). A trait-based approach could also provide a framework 

for mechanistically connecting the occurrence of traits in a community to major environmental 

drivers, e.g., fine sediment (Pollard & Yuan 2010) or toxic contaminants (Liess et al. 2008). This 

mechanistic framework may help us better understand and predict response patterns associated 

with particular stressors, a goal of particular interest for environmental managers. 

This report describes the basis for New Zealand Freshwater Macroinvertebrate Trait Database. It 

summarises the traits and modalities used, how these traits and modalities were selected, how 

species information was converted into affinity scores and the mechanics of calculating a trait by site 

matrix from a taxon by site (community composition) matrix. Finally, it lists examples of the use of 

trait-based assessments of macroinvertebrates in a variety of research, management and policy 

applications. The New Zealand Freshwater Macroinvertebrate Trait Database is located at 

https://www.niwa.co.nz/aquatic-invertebrate-traits-database. 
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2 Background to the New Zealand Freshwater Macroinvertebrate 

Trait Database 

2.1 Trait categories and traits 

The New Zealand Freshwater Macroinvertebrate Trait Database comprises 16 biological traits, 

representing life history, morphology, mobility and resource acquisition trait categories of New 

Zealand’s aquatic macroinvertebrates (Table 2-1). These traits describe different aspects of the life 

history of organisms (e.g., size, number of reproductive cycles) or features that confer resilience or 

resistance beyond that provided by life history traits (e.g., attachment, body shape), as well as more 

general biological and physiological features (e.g., feeding habits, respiration). The choice of which 

traits to include was based on a review of earlier New Zealand studies (e.g., Townsend & Scarsbrook 

1997), combined with those derived from a review of international literature at that time (e.g., Poff 

et al. 2006; Vieira et al. 2006). While a more extensive range of potential traits is possible (e.g., such 

as those listed in the USEPA trait database (Table 2-2), the limited availability of relevant data for 

New Zealand taxa restricted the potential range of traits for which information could be derived. 

Table 2-1: Trait categories, traits and their descriptions included in the New Zealand Freshwater 

Macroinvertebrate Trait Database.  

 

Trait category Trait name Description 

Life history 

Aquatic stages Are all stages of the life cycle of the animal 

aquatic? E.g., all stages of Dytiscidae are 

aquatic, whereas only larvae of Megaloptera 

are aquatic. 

Egg/egg mass Do the eggs float freely on the water surface 

or stream bed or are they cemented to rocks 

and other debris or to plant material? Are 

they retained within the body (protected)? 

Life duration How long do adults live? Short (e.g., 1 day) to 

long (e.g., >1 year)? 

Number of reproductive cycles per 

individual 

How many times does an animal reproduce 

before it dies? 

Oviposition site Where are the eggs deposited? On or under 

water, on land or are they inserted into 

plants (endophytic)? 

Potential number of descendants 

per reproductive cycle 

Generally measured as the number of eggs 

(or number of individuals if live-bearing) 

produced per reproductive cycle. 

Potential number of reproductive 

cycles per year (voltinism) 

May be less than once a year (semi-voltine), 

once a year (univoltine) or greater than once 

a year (plurivoltine). This measure is known 

to vary with temperature and hence latitude. 
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Trait category Trait name Description 

Reproductive technique May be sexual (male and female), asexual 

(budding or cloning) or hermaphroditic (male 

and female sexual organs present on the 

animal). 

Mobility 

Attachment to substrate How does the animal move within its habitat? 

Does it swim, crawl, burrow or is it attached? 

Dissemination potential How far can the larvae, pupae and adults 

move? Up to 10 m (low dissemination 

potential), 1 km (medium) or >1 km (high 

dissemination potential). 

Morphology 

Body flexibility How flexible is the animal? Not flexible 

(<10°), low (>10–45°) or high (>45°)? E.g., 

snails are not flexible, worms have high 

flexibility. 

Body form What is the shape of the animal? Is it 

streamlined, flattened (dorso-ventral or 

lateral), cylindrical or spherical? 

Potential maximum size Refers to the maximum recorded size of the 

animal. 

Respiration of aquatic stages How is oxygen acquired? If in dissolved form, 

then respiration may be via gills or general 

body surface (tegument and spiracles). If in 

gaseous form from the atmosphere, then a 

respiratory siphon, plastron (temporary air 

storage) or other structures may be used. 

Resource acquisition 

Dietary preferences Is a particular species or type of food 

required (e.g., wood feeder, periphyton) or is 

it more generalised? 

Feeding habits How does the animal feed? Is it a shredder, 

scraper, deposit-feeder, filter-feeder, 

predator or algal piercer? 
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Table 2-2: Trait categories and traits included in the US Freshwater Invertebrate Trait Database.1 

Trait category Traits included 

Morphology Includes body size, shape and armouring, respiration 

mode, morphological adaptations (suckers, friction, 

hooks, silk, ballast, hairy), and attachment. 

Life history Includes emergence behaviour including timing and 

synchronization, oviposition behaviour, fecundity, 

egg type, voltinism, development speed, adult 

lifespan, hatch time, ability to exit, and ability to 

survive desiccation. 

Resource Acquisition Preference Includes functional feeding group, habitat, flow 

preference, microhabitat substrate preference, and 

lateral and vertical habitat position in water column. 

Mobility Includes occurrence in drift, larval and adult 

dispersal distances including flying, crawling and 

swimming ability. 

Tolerance Includes thermal preference, oxygen, pH, salinity, 

turbidity and organic enrichment. 

 

2.2 Compiling the trait information 

A review of the New Zealand and overseas published and grey literature was undertaken to derive 

trait information for each taxon, with a focus on information at the MCI (Macroinvertebrate 

Community Index, Stark & Maxted 2007) level. This was primarily genus for insects, most crustaceans 

and molluscs, and family or higher level for some crustaceans and all “lower” taxa. Species-level 

information was derived wherever possible. Scientific publications, reports, taxonomic keys and 

notes were used to derive this information (Appendix A). In some cases, information at the family or, 

occasionally, order level was used. Species-level resolution is typically not necessary for trait-based 

analytical approaches used in bioassessment programs (Vieira et. al. 2006). Taxonomic resolution at 

the genus and family levels has resulted in successful application of traits to characterize aquatic 

communities for bioassessment purposes (Dolédec et. al. 1998, 2000; Gayraud et. al. 2003). In 

addition to the literature search, unpublished data, personal observations and expert opinion were 

used to derive and/or confirm initial trait information and to update the database. The latest update 

of the database largely reflects changes to affinity scores for some taxa based on personal 

observations, expert opinion and information derived from more recent publications (B. Smith, pers. 

comm., Feb 2018). In addition, the taxa list has increased from 202 to 495, primarily through the 

addition of species from Ephemeroptera, Plecoptera and Trichoptera. 

 

 

                                                 
1 Sourced from https://www.epa.gov/risk/freshwater-biological-traits-database-traits#tab-1 on 19 February 2018. 
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2.3 Trait states or modalities 

Each trait is defined by a set of states or modalities, which describe the range of possible values for 

each trait. For example, the trait “maximum potential size” was assigned the modalities <=5 mm, >5–

10 mm, >10–20 mm, >20–40 mm and >40 mm. Similarly, non-numeric trait modalities can be 

allocated. For example, the trait “egg mass”, which relates to oviposition site was assigned the 

modalities “free”, “cemented” or “female bears eggs in/on body”. A combination of numeric and 

non-numeric modalities is also possible. For example, “dissemination potential” includes the 

modalities “low (10 m)”, “medium (1 km)” and “high (>1 km)”. The cut-off points between modalities 

is guided by the range of possible values, identified through a review of literature, as well as expert 

opinion.  

2.4 Trait affinity scores 

Once the trait information was compiled, an extensive process was undertaken to assign affinity 

scores for each taxon, for each trait modality. The affinity score represents the association that the 

taxon has with a particular trait modality. Because various sources of information are used to derive 

the traits, and taxa may show an association with more than one modality, ‘fuzzy coding’ is used to 

quantify the affinity of each taxon for each modality that contributed to a trait (Chevenet et al. 

1994). Fuzzy coding allows data from a variety of sources (e.g., quantitative, qualitative, 

observational) to be used and compared statistically. Affinities in the New Zealand traits database 

are coded using integers from 0 to 3, representing the strength of affinity for each trait modality. An 

affinity score of zero indicates no association of the taxon with a trait modality, whilst a score of 

three indicates a high affinity for a given trait modality. This approach also acknowledges the 

variability in traits that often occurs at different life stages, and that some taxa have broad 

preferences while others are more specialised. For example, a species that is predominantly a 

predator but feeds by scraping algae in early instars would be given an affinity of three for the 

feeding modality 'predator' and one for the modality 'scraper'. Fuzzy coding represents a more 

realistic characterization of trait states, especially for those organisms with ontogenetic shifts in trait 

states. Furthermore, fuzzy coding can be used to consolidate information on trait states at lower 

levels of taxonomic resolution. For example, if organisms are identified to the family level, trait 

affinity scores can be used to express the diversity of states occurring among the member genera. To 

give the same weight to each species and each trait, affinity scores typically are standardized so that 

the sum for a given species and a given trait equals one (Chevenet et al. 1994). We scored traits as 

zero for any modality of a given trait for which information was not available.  
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3 Using the New Zealand Freshwater Macroinvertebrate Trait 

Database 

The functional composition of a set of sampling sites can be described in terms of trait % abundance, 

by multiplying the abundance (or log abundance) of species at the sites by the affinities of those 

species for the various trait modalities (i.e., the trait database). The resulting trait-by-site array 

contains the relative frequency of each modality per trait in each site (Figure 3-1).  

 

 

Figure 3-1: How to calculate trait frequency.   Source: Storey (2017). 

 

Once the trait-by-site-array is calculated the dataset is ready for analysis. Some examples of the 

application of the New Zealand Freshwater Macroinvertebrate Trait Database (including earlier 

versions) are listed below:  

� Assessment of landuse impacts at local (Doledec et al. 2006) and broad (Doledec et al. 

2011) scales. 

� Investigation of its potential as an indicator under the National Policy Statement on 

Freshwater Management 2014 (Clapcott et al. 2017). 

� Assessment of the effects of landuse on multiple stressors (Wagenhoff et al. 2011, 

2012; Magbanua et al. 2013; Lange et al. 2014). 

� Differentiating effects of different farming practices on aquatic communities 

(Magbanua et al. 2010). 

� Potential for application in Regional Council monitoring (Phillips & Reid 2012a, b). 
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� Use in explaining seasonal variation in the Macroinvertebrate Community Index (Stark 

& Phillips 2009). 

� Testing the Habitat Template Theory (Scarsbrook & Townsend 1993; Townsend et al. 

1997). 
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4 Acknowledgements 

The authors gratefully acknowledge the contributions of the following: 

Mike Scarsbrook, Colin Townsend, Sylvan Doledec, Mike Winterbourn, John Harding, John Quinn and 

Richard Storey. 

This work has received funding support from the following organisations: 

• NIWA (NSOF grant to NP). 

• New Zealand Department of Conservation (TFBIS Grant to NP). 

• Royal Society of New Zealand (International Science and Technology Linkages Fund) (Grant to 

NP). 

• Ministry of Business, Innovation and Employment (MBIE) (Aquatic Rehabilitation and 

Protection Programme, Project FWRP1803). 

 



  

New Zealand Freshwater Macroinvertebrate Trait Database  13 

5 References 

Archaimbault, V., Usseglio-Polatera, P., Garric, J., Wasson, J.-G., Babut, M. (2010) Assessing 

pollution of toxic sediment in streams using bio-ecological traits of benthic 

macroinvertebrates. Freshwater Biology, 55(7): 1430–1446.  

Baird, D.J., Baker, C.J.O., Brua, R.B., Hajibabaei, M., McNicol, K., Pascoe, T.J., de Zwart, D. 

(2010) Toward a knowledge infrastructure for traits-based ecological risk assessment. 

Integrated Environmental Assessment and Management, 7(2): 209–215. 

Beche, L.A., McElravy, E.P., Resh, V.H. (2006) Long-term seasonal variation in the biological 

traits of benthic-macroinvertebrates in two Mediterranean-climate streams in 

California, U.S.A. Freshwater Biology, 51(1): 56–75. 

Charvet, S., Statzner, B., Usseglio-Polatera, P., Dumont, B. (2000) Traits of benthic 

macroinvertebrates in semi-natural French streams: an initial application to 

biomonitoring in Europe. Freshwater Biology, 43: 277–296. 

Chevenet, F., Doledec, S., Chessel, D. (1994) A fuzzy coding approach for analysis of long-

term ecological data. Freshwater Biology 31, 295–309. 

Clapcott, J., Wagenhoff, A., Neale, M., Storey, R., Smith, B., Death, R., Harding, J., Matthaei, 

C., Quinn, J., Collier, K., Atalah, J., Goodwin, E., Rabel, H., Mackman, J., Young, R. (2017) 

Macroinvertebrate metrics for the National Policy Statement for Freshwater 

Management. Prepared for the Ministry for the Environment. Cawthron Report, No. 

3073: 139 plus appendices.  

Culp, J.M., Armanini, D.G., Dunbar, M.J., Orlofske, J.M., Poff, N.L., Pollard, A.I., Yates, A.G., 

Hose, G.C. (2010) Incorporating traits in aquatic biomonitoring to enhance causal 

diagnosis and prediction. Integrated Environmental Assessment and Management, 7: 

187–197. 

Dolédec, S., Olivier, J.M., Statzner, B. (2000) Accurate description of the abundance of taxa 

and their biological traits in stream invertebrate communities—effects of taxonomic and 

spatial resolution. Archiv für Hydrobiologie, 148: 25–43. 

Dolédec, S., Phillips, N., Scarsbrook, M., Riley, R., Townsend, C. (2006) A comparison of 

structural and functional approaches to determining land-use effects on grassland 

stream communities. Journal of the North American Benthological Society, 25(1): 44–60. 

Dolédec, S., Phillips, N., Townsend, C. (2011) Invertebrate community responses to land use 

at a broad spatial scale: trait and taxonomic measures compared in New Zealand rivers. 

Freshwater Biology, 56(8): 1670–1688. 

Dolédec, S., Statzner, B., Bournard, M. (1999) Species traits for future biomonitoring across 

ecoregions: patterns along a human-impacted river. Freshwater Biology, 42(4): 737–758. 

Dolédec, S., Statzner, B., Frainay, V. (1998) Accurate description of functional community 

structure: identifying stream invertebrates to species-level?: Bulletin of the North 

American Benthological Society, 15: 154–155. 



  

14 New Zealand Freshwater Macroinvertebrate Trait Database 

Gayraud, S., Statzner, B., Bady, P., Haybachp, A., Sholl, F., Usseglio-Polatera, P., Bacchi, M. 

(2003) Invertebrate traits for the biomonitoring of large European rivers—an initial 

assessment of alternative metrics: Freshwater Biology, 48: 2045–2064. 

Heino, J. (2005) Functional diversity of macroinvertebrate assemblages along major 

ecological gradients of boreal headwater streams. Freshwater Biology, 50: 1578–1587. 

Lange, K., Townsend, C.R., Matthaei, C.D. (2014) Can biological traits of stream 

invertebrates help disentangle the effects of multiple stressors in an agricultural 

catchment? Freshwater Biology, 59: 2431–2446. 

Magbanua, F.S., Townsend, C.R., Hageman, K.J., Matthaei, C.D. (2013) Individual and 

combined effects of fine sediment and the herbicide glyphosate on benthic 

macroinvertebrates and stream ecosystem function. Freshwater Biology, 58(8): 1729–

1744. 

Magbanua, F.S., Townsend, C.R., Blackwell, G.L., Phillips, N., Matthaei, C.D. (2010) 

Responses of stream macroinvertebrates and ecosystem function to conventional, 

integrated and organic farming. Journal of Applied Ecology, 47(5): 1014–1025. 

McGill, B.J., Enquist, B.J., Weiher, E., Westoby, M. (2006) Rebuilding community ecology 

from functional traits. TRENDS in Ecology & Evolution, 21(4): 178–185. 

Phillips, N., Reid, D. (2012a) Biological trait analysis: application to the Waikato Regional 

Council Monitoring Programme. Waikato Regional Council Technical Report, 2012/04: 

89. 

Phillips, N., Reid, D. (2012b) Biological trait analysis: application to the Auckland Council 

River Monitoring Programme. Auckland Council Technical Report, 2012/01: 86. 

Poff, N.L., Olden, J.D., Vieira, N.K.M., Finn, D.S., Simmons, M.P., Kondratieff, B.C. (2006) 

Functional trait niches of North American lotic insects: traits-based ecological 

applications in light of phylogenetic relationships. Journal of the North American 

Benthological Society 2006, 25(4): 730–755. 

Rubach, M.N., Baird, D.J., Brink, P.J. Van den (2010) A new method for ranking mode-

specific sensitivity of freshwater arthropods to insecticides and its relationship to 

biological traits. Environmental Toxicology and Chemistry, 29(2): 476–487. 

Scarsbrook, M., Townsend, C. (1993) Stream community structure in relation to spatial and 

temporal variation: a habitat templet study of two contrasting New Zealand streams. 

Freshwater Biology, 29(3): 395–410. 

Southwood, T. (1977) Habitat, the templet for ecological strategies? Journal of Animal 

Ecology, 46: 337–365. 

Southwood, T. (1988) Tactics, Strategies and Templets. Oikos, 52(1): 3–18. 

Stark, J.D., Maxted, J. (2004) Macroinvertebrate Community Indices for Auckland's Soft-

bottomed Streams and Applications to SOE Reporting. Auckland Regional Council Report 

No. 970: 66. 



  

New Zealand Freshwater Macroinvertebrate Trait Database  15 

Stark, J.D., Phillips, N. (2009) Seasonal variability in the Macroinvertebrate Community 

Index: are seasonal correction factors required? New Zealand Journal of Marine and 

Freshwater Research, 43(4): 867–882. 

Statzner, B., Bady, P., Doledec, S., Scholl, F. (2005) Invertebrate traits for the biomonitoring 

of large European rivers: an initial assessment of trait patterns in least impacted river 

reaches. Freshwater Biology, 50: 2136–2161. 

Statzner, B., Hoppenhaus, K., Arens, M.-F., Richoux, P. (1997) Reproductive traits, habitat 

use and template theory: a synthesis of world-wide data on aquatic insects. Freshwater 

Biology, 38: 109–135.  

Storey, R.G. (2017) Species traits and their use in stream assessment. Oral presentation at 

Macroinvertebrate Metric Working Party, Cawthron Institute, Nelson, April 2017. 

Townsend, C., Dolédec, S., Scarsbrook, M. (1997) Species traits in relation to temporal and 

spatial heterogeneity in streams: a test of habitat templet theory. Freshwater Biology, 

37: 367–387. 

Townsend, C., Hildrew, A. (1994) Species traits in relation to a habitat template for river 

systems. Freshwater Biology, 31: 265–275. 

Townsend, C., Scarsbrook, M. (1997) Quantifying disturbance in streams: alternative 

measures of disturbance in relation to macroinvertebrate species traits and species 

richness. Journal of the North American Benthological Society, 16(3): 531–544. 

Wagenoff, A., Townsend, C.R., Phillips, N., Matthaei, C.D. (2011) Subsidy-stress and 

multiple-stressor effects along gradients of deposited fine sediment and dissolved 

nutrients in a regional set of streams and rivers. Freshwater Biology, 56(9): 1916–1936. 

Wagenhoff, A., Townsend, C.R., Matthaei, C.D. (2012) Macroinvertebrate responses along 

broad stressor gradients of deposited fine sediment and dissolved nutrients: a stream 

mesocosm experiment. Journal of Applied Ecology, 49: 892–902. 

Van den Brink, P.J., Rubach, M.N., Culp, J.M., Pascoe, T., Maund, S.J., Baird, D.J. (2010) 

Traits-based ecological risk assessment (TERA): Realizing the potential of ecoinformatics 

approaches in ecotoxicology. Integrated Environmental Assessment and Management, 

7(2): 169–171. 

Vieira, Nicole K.M., Poff, N. LeRoy, Carlisle, Daren M., Moulton, Stephen R., II, Koski, Marci 

L. Kondratieff, Boris, C. (2006) A database of lotic invertebrate traits for North America: 

U.S. Geological Survey Data Series 187, http://pubs.water.usgs.gov/ds187 



  

16 New Zealand Freshwater Macroinvertebrate Trait Database 

Appendix A Traits database bibliography 

Anderson, N. (1982) A survey of aquatic insects associated with wood debris in New 

Zealand streams. Mauri Ora, 10: 21–33. 

Babbington, A. (1967) The systematics and ecology of three species of caddis fly in Lake 

Rotorua. MSc Thesis. Victoria University, Wellington: 120. 

Barnes, J. (1979) Biology of the New Zealand genus Neolimnia (Diptera: Sciomyzidae). New 

Zealand Journal of Zoology, 6: 561–576. 

Bayly, I. (1990) Abundance and drift of the larval micro-caddis, Oxyethira albiceps 

(McLachlan), in the Waikato River near Lake Taupo. New Zealand Entomologist, 13: 52–

55. 

Belkin (1991) Diptera. In: CSIRO Division of Entomology. (ed) The Insects of Australia, pp. 

Melbourne University Press, Carlton, Australia. 

Boothroyd, I. (1999) Life history of Kaniwhaniwhanus chapmani Boothroyd (Chironomidae: 

Orthocladinae): populations dynamics, emergence and drift. New Zealand Journal of 

Marine and Freshwater Research, 33(3): 351–360. 

Boothroyd, I. (2002) Cricotopus and Paratrichocladius (Chironomidae: Insecta) in New 

Zealand, with description of C. hollyfordensis n. sp., and redescriptions of adult and 

immature stages of C. zealandicus and P. pluriserialis. New Zealand Journal of Marine 

and Freshwater Research, 36: 775–788. 

Brittain, J. (1982) Biology of mayflies. Annual Review of Entomology, 27: 119–147. 

Byers, G. (1984) Tipulidae. In: Merritt, R., Cummins, K. (eds). An introduction to the aquatic 

insects of North America, Kendall/Hunt, Dubuque, Iowa: 491–514. 

Byers, G., Thornhill, R. (1983) Biology of the Mecoptera. Annual Review of Entomology, 28: 

203–228. 

Campbell, J. (1921) Notes on the Blephariceridae (Diptera) of New Zealand. Transactions 

and Proceedings of the New Zealand Institute, 53: 258–288. 

Carpenter, A. (1976) Biology of the freshwater shrimp Paratya curvirostris (Heller, 1962) 

(Decapoda: Atyidae). MSc Thesis. University of Canterbury: 354. 

Carpenter, A. (1983) Population biology of the freshwater shrimp Paratya curvirostris 

(Heller, 1852) (Decapoda: Atyidae). New Zealand Journal of Marine and Freshwater 

Research, 17(2): 147–158. 

Chadderton, W. (2003) Distribution, ecology, and conservation status of freshwater 

Idoteidae (Isopoda) in southern New Zealand. Journal of the Royal Society of New 

Zealand, 33(2): 529–548. 

Chapman, M., Lewis, M. (1976) An introduction to the freshwater Crustacea of New 

Zealand. Williams Collins (New Zealand) Ltd, Auckland: 261. 



  

New Zealand Freshwater Macroinvertebrate Trait Database  17 

Chapman, M.A., Lewis, M.H., Winterbourn, M.J. (2011) Guide to the freshwater Crustacea 

of New Zealand. New Zealand Freshwater Sciences Society: 188. 

Collier, K., Smith, B. (1998) Dispersal of adult caddisflies (Trichoptera) into forests alongside 

three New Zealand streams. Hydrobiologia, 361: 53–65. 

Collier, K., Smith, B. (2000) Interactions of adult stoneflies (Plecoptera) with riparian zones. 

1. Effects of air temperature and humidity on longevity. Aquatic Insects, 22(4): 275–284. 

Collier, K., Wright-Stow, A., Smith, B. (2004) Trophic basis of production in a North Island, 

New Zealand, forest stream: contributions of benthic versus hyporheic habitats and 

implications for restoration. New Zealand Journal of Marine and Freshwater Research, 

38: 301–314. 

Cowie, B. (1980) Community dynamics of the benthic fauna in a West Coast stream 

ecosystem. PhD Thesis. University of Canterbury: 291. 

Cowie, B., Winterbourn, M. (1979) Biota of a subalpine springbrook in the Southern Alps. 

New Zealand Journal of Marine and Freshwater Research, 13(2): 285–294. 

Cowley, D.R. (1976) Family characteristics of the pupae of New Zealand Trichoptera. New 

Zealand Journal of Zoology, 3: 99–109. 

Cowley, D.R. (1978) Studies on the larvae of New Zealand Trichoptera. New Zealand Journal 

of Zoology, 5: 639–750. 

Craig, D. (1969) A taxonomic revision of New Zealand Blephariceridae and the origin an 

evolution of the Australasian Blephariceridae (Diptera: Nematocera). Transactions of the 

Royal Society of New Zealand (Biological Sciences), 11(9): 101–139 (parts). 

Crosby, T. (1974) Life history stages and taxonomy of Austrosimulium (Austrosimulium) 

tillyardianum (Diptera: Simuliidae). New Zealand Journal of Marine and Freshwater 

Research, 1(1): 5–28. 

Crosby, T. (1975) Food of the New Zealand trichopterans Hydrobiosis parumbripennis 

McFarlane and Hydropsyche colonica McLachlan. Freshwater Biology, 5: 105–114. 

Crumpton, J. (1979) Aspects of the biology of Xanthocnemis zealandica and Austrolestes 

colensonis (Odonata: Zygoptera) at three ponds in the South Island, New Zealand. New 

Zealand Journal of Zoology, 6(2): 285–297. 

Death, R. (1990) A new species of Zelandobius (Plecoptera: Gripopterygidae: 

Antarctoperlinae) from New Zealand. New Zealand Natural Sciences, 17: 23–28. 

Delgado, J.A., Palma, R.L. (2004) Larval stages of Podaena latipalpis from New Zealand and 

phylogenetic relationships of the subfamily Orchymontiinae based on larval characters 

(Insecta: Coleoptera: Hydraenidae). New Zealand Journal of Zoology, 31: 327–342. 

Devonport, B., Winterbourn, M. (1976) The feeding relationships of two invertebrate 

predators in a New Zealand river. Freshwater Biology, 6: 167–176. 

Dole-Olivier, M.-J., Galassi, D.M.P., Marmonier, P., Creuze Des Chatelliers, M. (2000) The 

biology and ecology of lotic microcrustaceans. Freshwater Biology, 44(1): 63-91. 



  

18 New Zealand Freshwater Macroinvertebrate Trait Database 

Dumbleton, L. (1963) New Zealand Blephariceridae (Diptera: Nematocera). New Zealand 

Journal of Science, 6: 234–258. 

Dumbleton, L. (1966) Immature stages of two aquatic Empididae (Diptera). New Zealand 

Journal of Science, 9: 565–568. 

Dumbleton, L. (1968) A synopsis of the New Zealand mosquitoes (Diptera Culicidae) and a 

key to the larvae. Tuatara, 16(3): 167–179. 

Dumbleton, L. (1972) The genus Austrosimulium tonnoir (Diptera: Simuliidae) with 

particular reference to the New Zealand fauna. New Zealand Journal of Science, 15: 480–

584. 

Edmunds, G. (1984) Ephemeroptera. In: Merritt, R., Cummins, K. (Eds). An introduction to 

the aquatic insects of North America: 94-125, Kendall/Hunt, Dubuque, Iowa. 

Evans, E. (1984) Megaloptera and aquatic Neuroptera. In: Merritt, R., Cummins, K. (eds). An 

introduction to the aquatic insects of North America: 261-270, Kendall/Hunt, Dubuque, 

Iowa. 

Forsyth, D. (1978) Xenochironomus canterburyensis (Diptera: Chironomidae), a commensal 

of Hyridella menziesi (Lamellibranchia) in Lake Taupo, features of pre-adult life history. 

New Zealand Journal of Zoology, 5(4): 795–800. 

Forsyth, D., James, M. (1988) The Lake Okaro ecosystem 2. Production of the chironomid 

Polypedium pavidus and its role as food for two fish species. New Zealand Journal of 

Marine and Freshwater Research, 22(3): 327–335. 

Glasgow, J. (1936) The Bionomics of Hydropsyche colonica McL. and H. philpotti Till. 

(Trichoptera). Proceedings of the Royal Entomological Society of London, (A) 11: 6–12. 

Glime, J.M. (2007) Bryophyte Ecology. Volume 2. Biological Interactions. Chapter 5 

Tardigrada. Ebook sponsored by Michigan Technological University and the International 

Association of Bryologists. Accessed on 13 February 2012 at 

<http://www.bryoecol.mtu.edu/>. 

Goldson, S. (1973) Studies on the early stages of some New Zealand species of Psychoda 

(Diptera: Psychodidae). Thesis. University of Otago.  

Goldson, S. (1977) Larvae of four New Zealand species of Psychoda (Diptera: Psychodidae). 

New Zealand Entomologist, 6(3): 279–284. 

Goldson, S., Satchell, G. (1977) A plastron gill in the pupa of a New Zealand species of 

Psychoda (Diptera: Psychodidae). New Zealand Journal of Zoology, 4: 35–38. 

Gray, D.S., Harding, J.S., Michael, J., Winterbourn, M. (2009) Namanereis tiriteae, New 

Zealand’s freshwater polychaete: new distribution records and review of biology. New 

Zealand Natural Sciences, 34: 29–38. 

Hamilton, A. (1940) The New Zealand dobson-fly (Archichauliodes diversus Walker): Life 

history and bionomics. New Zealand Journal of Science and Technology June: 44A–55A. 



  

New Zealand Freshwater Macroinvertebrate Trait Database  19 

Hanelt, B., Janovy, J. (2004) Life cycle and paratensis of American gordiids (Nematomorpha: 

Gordiida). Journal of Parasitology, 90(2): 240–244. 

Harding, J. (1991) The larva of Neurochorema forsteri McFarlane (Trichoptera: 

Hydrobiosidae). New Zealand Natural Sciences, 18: 51–54. 

Harding, J., Winterbourn, M. (1995) Effects of contrasting land use on physico-chemical 

conditions and benthic assemblages of streams in a Canterbury (South Island, New 

Zealand) river system. New Zealand Journal of Marine and Freshwater Research, 29(4): 

479–492. 

Helson, G. (1934) The bionomics and anatomy of Stenoperla prasina (Newman). 

Transactions of the Royal Society of New Zealand, 64: 214–248. 

Helson, G. (1935) Hatching and early instars of Stenoperla prasina. Transactions of the 

Royal Society of New Zealand, 65: 11–15. 

Hitchings, T.R., Hitchings, T.R., Shaw, M.D. (2015) A revision of the distribution maps and 

database of New Zealand mayflies (Ephemeroptera) at Canterbury Museum. Records of 

the Canterbury Museum, 29: 5–34. 

Hitchings, T.R., Hitchings, T.R. (2016) Two further species of Deleatidium (Deleatidium) 

(Ephemeroptera: Leptophlebiidae) from New Zealand. Records of the Canterbury 

Museum, 30: 54–64.  

Hitchings, T.R., Staniczek, A.H. (2003) Nesameletidae (Insecta: Ephemeroptera). Fauna of 

New Zealand, 46: 72. 

Horning, Jr D., Schuster, R., Grigarick, A. (1978) Tradigrada of New Zealand. New Zealand 

Journal of Zoology, 5: 185–280.  

Hudson, G. (1904) New Zealand Neuroptera. West, Newman and Co, London: 102. 

Hynes, H. (1976) Biology of Plecoptera. Annual Review of Entomology, 21: 135–153. 

Jackson, R., Walls, E. (1998) Predatory and scavenging behaviour of Microvelia macgregori 

(Hemiptera: Veliidae), a water-surface bug from New Zealand. New Zealand Journal of 

Zoology, 25(1): 23–28. 

Johns, P. (1972) Notes on aquatic tipulids (Diptera: Nematocera: Tipulidae). New Zealand 

Limnological Society Newsletter, 8: 24–26. 

Kavale, J. (1982) Aspects of the biology of the native soldier fly Odontomyis chloris (Walker) 

(Diptera: Stratiomyidae), with particular reference to the aquatic larval instars. Thesis. 

University of Otago.  

Klimaszewski, J., Watt, J. (1997) Coleoptera: a family-group review and keys to 

identification. Fauna of New Zealand. Manaaki Whenua Press, Lincoln, Canterbury.  

Lancaster, J. Downes, B.J. (2013) Aquatic entomology. OUP Oxford. 

Lawrence, J., Britton, E. (1991) Coleoptera. In: CSIRO Division of Entomology (Ed) The 

Insects of Australia: 543–683, Melbourne University Press, Carlton. 



  

20 New Zealand Freshwater Macroinvertebrate Trait Database 

Liess, M., Schäfer, R.B., Schriever, C.A. (2008) The footprint of pesticide stress in 

communities—species traits reveal community effects of toxicants. Science of the total 

environment, 406(3): 484-490.  

Linklater, W. (1995) Breakdown and detritivore colonisation of leaves in three New Zealand 

streams. Hydrobiologia, 306: 241–250. 

Linklater, W., Winterbourn, M. (1993) Life histories and production of two trichopteran 

shredders in New Zealand streams with different riparian vegetation. New Zealand 

Journal of Marine and Freshwater Research, 27: 61–70. 

McFarlane, A. (1938) Life histories and biology of New Zealand Rhyacophilidae, Order 

Trichoptera. Thesis. Canterbury University College.  

McFarlane, A. (1951) Caddisfly larvae (Trichoptera) of the Family Rhyacophilidae. Records of 

the Canterbury Museum, 5(5): 267–289. 

McFarlane, A. (1977) Light trapping of caddisflies at Winchmore Irrigation Research Station, 

mid-Canterbury, New Zealand (May 1974–September 1975). Mauri Ora, 5: 123–124. 

McLean, J. (1967) Studies of Ephemeroptera in the Auckland area. Tane, 13: 102–105. 

McLean, J. (1970) Studies on the larva of Oniscigaster wakefieldi (Ephemeroptera: 

Siphlonuridae) in Waitakere Stream, Auckland. New Zealand Journal of Marine and 

Freshwater Research, 4: 36–45. 

McLellan, I.D. (1966) Genitalia and nymphs of some New Zealand Gripopterygidae 

(Plecoptera). Transactions of the Royal Society of New Zealand (Zoology), 8(2): 5–22. 

McLellan, I.D. (1967) New Gripopterygids (Plecoptera) of New Zealand. Transactions of the 

Royal Society of New Zealand (Zoology), 9: 1–15. 

McLellan, I.D. (1969) A revision of the genus Zelandobius (Plecoptera: Antarctoperlinae). 

Transactions of the Royal Society of New Zealand (Biological Sciences), 11: 25–41. 

McLellan, I.D. (1977) New alpine and southern Plecoptera from New Zealand, and a new 

classification of the Gripopterygidae. New Zealand Journal of Zoology, 4: 119–147. 

McLellan, I.D. (1984) A revision of Spaniocercoides Kimmins (Plecoptera: Notonemouridae), 

and descriptions of new species. New Zealand Journal of Zoology, 11(2): 167–178. 

McLellan, I.D. (1987) A revision of Spaniocerca Tillyard (Plecoptera: Notonemouridae), and 

descriptions of new species. New Zealand Journal of Zoology, 14(2): 257–268. 

McLellan, I.D. (1991) Notonemouridae (Insecta: Plecoptera). Fauna of New Zealand, 22: 1–

62. 

McLellan, I.D. (1996) A revision of Stenoperla (Plecoptera: Eustheniidae) and removal of 

Australian species to Cosmioperla new genus. New Zealand Journal of Zoology, 23: 165–

182. 

McLellan, I.D. (1997) Austroperla cyrene Newman (Plecoptera: Austroperlidae). Journal of 

the Royal Society of New Zealand, 27(2): 271–278. 



  

New Zealand Freshwater Macroinvertebrate Trait Database  21 

McLellan, I.D. (1998) A revision of Acroperla (Plecoptera: Zelandoperlinae) and removal of 

species to Taraperla new genus. New Zealand Journal of Zoology, 25(2): 185–203. 

McLellan, I.D. (2000) A revision of Cristaperla (Plecoptera: Notonemouridae) and some 

comments on Notonemouridae and its generic groups. New Zealand Journal of Zoology, 

27: 233–244. 

McLellan, I.D. (2003) Six new species and a new genus of stoneflies (Plecoptera) from New 

Zealand. New Zealand Journal of Zoology, 30: 101–113. 

McLellan, I.D., Winterbourn, M. (1968) A new genus of Notonemouridae (Plecoptera, 

Capniidae) from New Zealand. Transactions of the Royal Society of New Zealand 

(Zoology), 10(13): 127–131. 

Merritt, R., Cummins, K. (1996) An introduction to the aquatic insects of North America. 

Third. Kendall/Hunt Publishing Company, Dubuque, Iowa: 862. 

Meyer-Rochow, V., Moore, S. (1988) Biology of Latia neritoides Gray 1850 (Gastropoda, 

Pulmonata, Basommatophora): the only light-producing freshwater snail in the world. 

International Revue des Hydrobiology, 73(1): 21–42. 

Michaelis, F. (1974) The ecology of Waikoropupu Springs. Thesis. University of Canterbury. 

Michaelis, F. (1984) The life history of Megaleptoperla diminuta (Plecoptera 

Gripopterygidae) in Waikoropupu Springs, New Zealand. Annales de limnologie, 20(1-2): 

69–74. 

Neboiss, A. (1991) Trichoptera. In: CSIRO Division of Entomology (Ed) The Insects of 

Australia:  787–816, Melbourne University Press, Carlton. 

Nelson, D.R, Marley, N.J. (2000) The biology and ecology of lotic Tardigrada. Freshwater 

Biology, 44: 93-108.  

Ordish, R. (1967) The identification of New Zealand water beetles (Dytiscidae). Tuatara, 

15(1): 1–9. 

Ordish, R. (1984) Hydraeniidae (Insecta: Coleoptera). Fauna of New Zealand. DSIR, 

Wellington: 64. 

Pendergrast, J., Cowley, D.R. (1966) An introduction to New Zealand freshwater insects. 

Collins, Auckland: 100. 

Pennak, R. (1978) Freshwater invertebrates of the United States. 2nd. John Wiley & Sons: 

803. 

Penniket, J. (1962) Notes on New Zealand Ephemeroptera. II. A preliminary account of 

Oniscigaster wakefieldi McLachlan, recently rediscovered (Siphlonuridae). Records of the 

Canterbury Museum, 7(5): 375–388. 

Penniket, J. (1962) Notes on New Zealand Ephemeroptera. III. A new family, genus and 

species. Records of the Canterbury Museum, 7(5): 389–398. 



  

22 New Zealand Freshwater Macroinvertebrate Trait Database 

Phillips, J. (1930) A revision of New Zealand Ephemeroptera. Part 1. Transactions of the 

Royal Society of New Zealand, 61: 271–334. 

Phillips, J. (1930) A revision of New Zealand Ephemeroptera. Part 2. Transactions of the 

Royal Society of New Zealand, 61: 335–390. 

Pinder, A.M., Brinkhurst, R.O. & Cooperative Research Centre for Freshwater Ecology 

(Australia) (1994) A preliminary guide to the identification of microdrile Oligochaeta of 

Australian inland waters. Albury, N.S.W: Co-operative Research Centre for Freshwater 

Ecology. 

Pollard, A., Yuan, L. (2010) Assessing the consistency of response metrics of the 

invertebrate benthos: a comparison of trait-and identity-based measures. Freshwater 

Biology, 55(7): 1420-1429.  

Rowe, R. (1987) The dragonflies of New Zealand. Auckland University Press, Auckland: 260. 

Rowland, K. (1974) Some aspects of the feeding biology of Nesameletus ornatus (Eaton) 

(Insecta, Ephemeroptera). Thesis. University of Auckland.  

Scarsbrook, M.R., Fenwick, G.D., Haase, M., Duggan, I.C. (2003) A guide to the groundwater 

fauna of New Zealand. NIWA, Science & Technology Series, 51: 59. 

Scrimgeour, G. (1991) Life history and annual production of a net-spinning caddisfly 

Aoteapsyche colonica (Trichoptera: Hydropsychidae) in an unstable New Zealand river. 

New Zealand Natural Sciences, 18(31–38). 

Scrimgeour, G. (1991) Life history and production of Deleatidium (Ephemeroptera: 

Leptophlebiidae) in an unstable New Zealand river. New Zealand Journal of Marine and 

Freshwater Research, 25(1): 93–99. 

Smith, B.J., Storey, R.G. (2018) Egg characteristics and oviposition behaviour of the aquatic 

insect orders Ephemeroptera, Plecoptera and Trichoptera in New Zealand: a review. 

New Zealand Journal of Zoology. 10.1080/03014223.2018.1443473. 

Staniczek, A.H, Hitchings, T.R. (2013) A new species of Rallidens (Ephemeroptera: 

Rallidentidae) from New Zealand. Records of the Canterbury Museum, 27: 1–9. 

Stark, J., Maxted, J. (2007) A biotic index of New Zealand's soft-bottomed streams. New 

Zealand Journal of Marine and Freshwater Research, 41: 43-61. 

Stark, J. (1981) Trophic relationships, life-histories and taxonomy of some invertebrates 

associated with aquatic macrophytes in Lake Grasmere. PhD thesis. University of 

Canterbury. p.269. 

Storey, R.G., Reid, D.R., Smith, B.J. (2017) Oviposition site selectivity of some New Zealand 

aquatic macroinvertebrate taxa and implications for stream restoration. New Zealand 

Journal of Marine and Freshwater Research, 51(1): 165–181. 

Stuart, A. (2002) The cocoon-spinning behaviour of Austrosimulium australense (Diptera: 

Simuliidae) with a discussion of phylogenetic implications. New Zealand Journal of 

Zoology, 29: 5–14. 



  

New Zealand Freshwater Macroinvertebrate Trait Database  23 

Suren, A., Winterbourn, M. (1991) Consumption of aquatic bryophytes by alpine stream 

invertebrates in New Zealand. New Zealand Journal of Marine and Freshwater Research, 

25(3): 331–344. 

Talbot, J., Ward, J. (1987) Macroinvertebrates associated with aquatic macrophytes in Lake 

Alexandrina, New Zealand. New Zealand Journal of Marine and Freshwater Research, 

21(2): 199–214. 

Tan, J. (1961) The ecology and life-history of Coloburiscus humeralis Walker 

(Ephemeroptera, Siphlonuridae). Thesis. University of Auckland.  

Theischinger, G. (1991) Megaloptera. In: CSIRO Division of Entomology (ed) The Insects of 

Australia: 448–466, Melbourne University Press, Carlton. 

Theischinger, G. (1991) Plecoptera. In: CSIRO Division of Entomology (ed) The Insects of 

Australia: 311–319, Melbourne University Press, Carlton. 

Thompson, R.M., Townsend, C.R. (2003) Impacts on stream food webs of native and exotic 

forest: an intercontinental comparison. Ecology, 84: 145–161. 

Thomsen, L. (1937) Aquatic Diptera Part V. Ceratopogonidae. Memoirs of Cornell University 

Agricultural Experiment Station, 210: 57–80. 

Thomson, J. (1934) An account of the systematics, anatomy and bionomics of Austroperla 

cyrene Newman. Thesis. University of Canterbury.  

Timms, B. (1984) Seasonal and depth distribution of the benthos of Lake Pearson, 

Canterbury. Mauri Ora, 11: 89–98. 

Tonnoir, A. (1924) Australasian Simuliidae. Bulletin of Entomological Research, 15: 213-255. 

Towns, D. (1978) First records of Siphlaenigma janae (Ephemeroptera: Siphlaenigmatidae) 

from the North Island of New Zealand. New Zealand Journal of Zoology, 5: 365–370. 

Towns, D. (1981) Life Histories of Benthic Invertebrates in a Kauri Forest Stream in Northern 

New Zealand. Australian Journal of Marine and Freshwater Research, 32(2): 191–211. 

Towns, D. (1983) A revision of the genus Zephlebia (Ephemeroptera: Leptophlebiidae). New 

Zealand Journal of Zoology, 10: 1–52. 

Towns, D., Peters, W. (1979) Three new genera of Leptophlebiidae (Ephemeroptera) from 

New Zealand. New Zealand Journal of Zoology, 6: 213–235. 

Towns, D., Peters, W. (1996) Leptophlebiidae (Insecta: Ephemeroptera). Fauna of New 

Zealand. Manaaki Whenua Press: 143. 

Watson, G. (1974) Aspects of the biology of two Sericostomatidae (Trichoptera) from the 

Waitakere Stream. Thesis. University of Auckland.  

Whitmore, N., Huryn, A. (1999) Life history and production of Paranephrops zealandicus in 

a forest stream, with comments about the sustainable harvest of a freshwater crayfish. 

Freshwater Biology, 42(3): 467–478. 



  

24 New Zealand Freshwater Macroinvertebrate Trait Database 

Wilson, G.D.F., Fenwick, G.D. (1999) Taxonomy and ecology of Phreatoicus typicus Chilton, 

1883 (Crustacea, Isopoda, Phreatoicidae). Journal of the Royal Society of New Zealand, 

29: 41-64. 

Winstanley, W. (1980) A preliminary account of the habitat of Antipodochlora braueri 

(Odonata: Corduliidae) in New Zealand. New Zealand Entomologist, 7(2): 141–149. 

Winterbourn, M.J. (1969) A freshwater Nereid polychaete from New Zealand. New Zealand 

Journal of Marine and Freshwater Research, 3: 281-285. 

Winterbourn, M. (1965) Studies on New Zealand stoneflies. I. Taxonomy of larvae and 

adults. New Zealand Journal of Science, 8: 253–284. 

Winterbourn, M. (1966) Studies on New Zealand stoneflies. 2. The ecology and life history 

of Zelandoperla maculata (Hare), and Aucklandobius trivacuatus (Tillyard)–

(Gripopterygidae). New Zealand Journal of Science, 9: 312–323. 

Winterbourn, M. (1973) A guide to the freshwater Mollusca of New Zealand. Tuatara, 

20(3): 141–159. 

Winterbourn, M. (1977) The food and occurrence of larval Rhyacophilidae and 

Polycentropodidae in two New Zealand rivers. 2nd International Symposium on 

Trichoptera, The Hague, Biblio. 

Winterbourn, M. (1982) The invertebrate fauna of a forest stream and its association with 

fine particulate matter. New Zealand Journal of Marine and Freshwater Research, 16: 

271–281. 

Winterbourn, M., Cowie, B., Rounick, J. (1984) Food resources and ingestion patterns of 

insects along a West Coast, South Island, river system. New Zealand Journal of Marine 

and Freshwater Research, 18: 379–388. 

Winterbourn, M., Gregson, K. (1989) Guide to the aquatic insects of New Zealand. Bulletin 

of the Entomological Society of New Zealand, 9. Entomological Society of New Zealand: 

95. 

Winterbourn, M., Gregson, K., Dolphin, C. (2000) Guide to the aquatic insects of New 

Zealand. Bulletin of the Entomological Society of New Zealand, 13: 102. 

Winterbourn, M., Harding, J. (1993) Life history variability and larval ecology of 

Aoteapsyche colonica (Trichoptera: Hydropsychidae) in the South Island, New Zealand. 

New Zealand Natural Sciences, 20: 23–33. 

Winterbourn, M., Mason, K. (1983) Freshwater Life–streams, ponds, lakes and rivers. Reed, 

Wellington. p. 

Winterbourn, M., Rounick, J., Cowie, B. (1981) Are New Zealand stream ecosystems really 

different? New Zealand Journal of Marine and Freshwater Research, 15: 321–328. 

Winterbourn, M.J. (1974) The life histories, trophic relations and production of Stenoperla 

prasina (Plecoptera) and Deleatidium sp. (Ephemeroptera) in a New Zealand river. 

Freshwater Biology, 4(6): 507–524. 



  

New Zealand Freshwater Macroinvertebrate Trait Database  25 

Winterbourn, M.J. (1978) The macroinvertebrate fauna of a New Zealand forest stream. 

New Zealand Journal of Zoology, 5(1): 157–169. 

Winterbourn, M.J. (1996) Life history, production and food of Aphrophila neozelandica 

(Diptera:Tipulidae) in a New Zealand stream. Aquatic Insects, 18(1): 45–53. 

Winterbourn, M.J., Davis, S. (1976) Ecological role of Zelandopsyche ingens (Trichoptera: 

Oeconesidae) in a beech forest stream ecosystem. Australian Journal of Marine and 

Freshwater Research, 27(2): 197–215. 

Wisely, B. (1953) Two wingless alpine stoneflies (Order Plecoptera) from southern New 

Zealand. Records of the Canterbury Museum, 6: 219–231. 

Wisely, B. (1961) Studies on Ephemeroptera I.–Coloburiscus humeralis (Walker), early life 

history and nymph. Transactions of the Royal Society of New Zealand (Zoology), 1(19): 

249–257. 

Wisely, B. (1962) Studies on Ephemeroptera II.-Coloburiscus humeralis (Walker), ecology 

and distribution of the nymphs. Transactions of the Royal Society of New Zealand 

(Zoology), 2(25): 209–220. 

Woods, J. (1973) Ecology of the Elmidae (Coleoptera: Dryopoidea) (a review). Thesis. 

University of Canterbury.  

Young, E. (1962) The Corixidae and Notonectidae (Hemiptera-Heteroptera) of New Zealand. 

Records of the Canterbury Museum, 7(5): 327–374. 

Young, E. (1970) Seasonal changes in populations of Corixidae and Notonectidae 

(Hemiptera: Heteroptera) in New Zealand. Transactions of the Royal Society of New 

Zealand (Biological Sciences), 12(11): 113–130. 

 


