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Taxonomic Resolution of benthic Macroinvertebrate Corhmunit_ies in
Bioassessments: Questions and Context determine strategy

MANAGEMENT PERSPECTIVE

Benthic macroinvertebrates are commonly used in the bioassessment of lakes
and streams. Although there has been substantial debate among benthologists
carrying out bioassessments about design, field sampling, laboratory processing
of samples, and data analysis, one of the most contentious issues has been
taxonomic resolution: to what level (from phylum to species) should
macroinvertebrates be identified? This paper examines which level is most
appropriate for various types of studies. Often for bioassessment purposes
family level is sufficient, this has considerable implications for large scale
monitoring programmes, and must be considered if any national biomonitoring
programme is developed. - ’ :

Make recommendations on current large scale biomonitoring programmes (e.g.,
Fraser R., Great Lakes) as to appropriate taxaonomic level for biomonitoring.

‘." - » » e - /
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Résolution taxinomique pour les communautés de macroinvertébrés benthiques
dans les évaluations biologiques : les questions posées et le contexte
déterminent la stratégie

SOMMAIRE A L’INTENTION DE LA DIRECTION

Les macroinvertébrés benthiques sont fréquemment utilisés dans I'évaluation
biologique des lacs et des cours d’eau. Les benthologues qui effectuent des
évaluations biologiques ont largement débattu des protocoles, de
{'échantillonnage sur le terrain, du traitement des échantillons en laboratoire et
de I'analyse des données, mais I'une des questions les plus controversées est
celle de la résolution taxinomique : jusqu'a quel niveau (du phylum aux espéces)
doit-on identifier les macroinvertébrés? Dans cet article, nous examinons quel
est le niveau d'identification approprié pour différentes sortes d’études. 1l est
fréquent que, pour les besoins d'une évaluation blologlque une identification au
niveau de la famille soit suffisante, ce qui a des conséquences importantes pour
les programmes de surveillance a grande échelle et doit &tre pris en
considération dans tout programme de biosurveillance national.

Faire des recommandations pour les programmes actuels de biosurveillance a
grande échelle (p. ex. ceux du Fraser et des Grands Lacs) concernant le niveau
taxinomique approprié pour la biosurveillance.

Mots-clés : résolution taxinomique, communautés benthiques, évaluation
biologique
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Benthic macroinvertebrates are commonly used in bioassessments of lakes and stréams.
Although there has been substantial debate among benthologists carrying out bioassessments about
design, field sampling, laboratory processing of samples, and data analysis, one of the most contentious
issues has been taxonomic resolution: to what level (from phylum to species) should
macroinvertebrates be identified? A position argued for more than 25 years is that the substantial
variation among species within genera and families in their ecology and, in particular, their response to
various kinds of pollution exposure, makes it important to monitor individual species if we are to
adequately assess changes in aquatic ecosystems (e.g. Resh and Unziéker 1975). These benthologists
suppot identification to the “lowest practicable level”, which is usually genus or species, depeﬁding on
the lifestage of the organisms collected and the number of times a particular site is sampled. An
alternative view is held by some ecologists in both the marine (e.g. Warwick 1988) and freshwater
| (e.g. Bowman and Bailey 1998) benthic contexts, who have repeatedly found little effect of varying -
taxb‘nomic resolution (from genus/species to family or even phylum level) on multivariate descriptions
of variation among communities, particularly in the contrast between reference communities and those
eXpésed to some type of pouution. They argue that identiﬁcation of organisms to family level (or even
higher) provides sufficient resolution for sensitive and accurate bioassessments.

What is the question?

The necessary level of taxonomic resolution always depends on the purpose(s) of a study. Itis
obvious that if the physiology, toxicological response, population dynamics or secondary production
need to be estimated for a particular sbecies or group of species, any necessary effort needed to insure
accurate species level identification must be expended. This may include detailed analysis of several life

stages of the organisms from the same site, including rearing of individuals in field or laboratory cages
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if required. Even crude calculations of secondary production made by pooling taxa are of dubious

value if estithates of ecosystem processes like total community production are desired (Lenat and Resh
2000). Conservation biology (e.g. biodiversity, conservation status of species) studies usually demand
species level identifications as well. A survey of New York State lakes and streams to determine the
current status and ranges within the state of endangered and threatened freshwater mussels would be
of little use if only the abundance of “Unionidae™ at each site was estimated.

If bioassessment, ‘then what?

Bioassessient generally involves sampling of the benthic macroinvertebrate community at
each of a set of sites, and comparison of the community structure and composition at a test site with
those occurring at reference sites (Reynoldson et al. 1997). Detection of a difference between a test
site and the reference condition will depend on sampling effort, natural variability aﬁd the magnitude
of differences considered to represent unacceptable damage (Norris 1996), as well as the degree to
which variability among reference communiti_es can be explained by variation in envir'()nmeintal features
(Bailey ia;_l. 1998). For Bioas_se‘ssm_ent, taxonomic résolution must be sufficient to reliably identify
truly degraded test sites with little chance of mistakenly passing or failing a test site. It is clear that
genus or species level identification of the invertebrates in a community will add at least some amount
of information to the description. of that community, relative to a family level description. The key
questions to be considered in determining the necessary taxonomic resolution for a particular
bioassessment study are:

1) Does genus/species identification add significant information to our description of variation
among benthic macroinvertebrate communities?

2)Is deviation from reference condition easier to detect with genus/species identification?
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3) Are there sufficient resources available to the project to insure that sample maintenance and
data quality is sufficient?

1. Does genus/species identification add significant information?

There are a variety of methods used to evaluate a test site in a bioassessment, and therefore a
variety of approaches are needed to answer this question. In particular contexts, the varying
sensitivities of each within a group of species found in the study area may make them ideal as
indicators (e.g. Ceraclea spp. Lenat and Resh 2000; Resh and Unsicker 1975). They should be
identified to species and their abundance in a test site compared to the variability among reference
sites. At the community level, however, where the estimated tolerances of genera or species to some
specific or general stressor is often integrated into an index (e.g. Hilsenhoff 1987), the value of
genus/species identification is less clear. We calculated the variability of several tolerance indices used
in the United States Environmental Protection Agency Rapid Bioassessment Protocol (Barbour ez al.
1999) among taxa from genus to order level. At the genus level, the variance among genera within
each family was calculated and an average variance across all families determined, as well as the mean
index value for each family. At the famﬂy level, the average within order variance was calculated, as
well as the mean for each order. Finally, the variance among index values for the 6 insect Orders
analyzed was calculated. It is clear that with the exception of the MidAtlantic Coastal Streams index,
there is as much or more variation among families within orders and orders within the Insecta as there
is among genera within families (Table 1). A substantial component of the genus tolerance information
would be retained by just using the average tolerance for family members and applying this to
calculation of an aggregated biotic index for a community of macroinvertebrates identified only to

family level.
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Many benthologists describe communities, and particularly variation among communities, with
multivariate statistical techniques. Such techniques do not rely on tolerance indices to summarize the
composition of a community, but are based on quantifying the difference between any two

communities by comparing the relative (or absolute) abundance (or biomass) of each taxon present in

each of the two communities, and aggregating this set of comparisons into a distance measure (eg.

Bray-Curtis distance). The full set of all paired comparisons between cofiimunities for a given study is
known as a distance matrix. A “good” ordination of such a matrix will graphically represent it such
that very similar communities are close together in ordination space while very differeiit communities
are far apart. Repeated analysis Sfbenthic macroinvertebrate community data has shown little change
in a multivariate description of community variation at taxonomic levél_s from genué to order (Furse et
al. 1984, Marchast et al. 1995, Norris 1996, Bowman and Bailey 1998; but cf. Hawkins et al. 2000).
Two communities that are quite similar when compared using genus level data are also quite similar -
using family or even order level data (Figure 1). So multivariate characterizations of community
corhposition do not seem to be sensitive to taxonomic resolution, at least to family ley'el.

2. Is a deviation from reference conditions easier to detect with genus/species identification?

To some extent, identification of cémmunity members to genus or species must, by definition,
provide us with more information than coarser resolution. Although, as described previously, the
amount that variability among communities is enhanced by genus or species identification may be
small, it must be determined whether or not the increased information better distinguishes a degraded
ecosystem from refe’;ence conditions than family identification.

Hawkins ef al. (2000) found that genus/species data “worked better” than family dataina

~ RIVPACS style analysis of several hundred Califorriia streams. They found that with species data,
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there was more variation among reference communities (10 species-based versus 7 family-based
clusters of similar communities), more of this variation was explained by environmental variation
(higher ciassiﬁcati‘on success With species versus family predictive models in discriminant models), and
most importantly, a clearer distinction between reference and exposed sites was apparent. They

conchuded that family data will work just as well as species or genus data when there is relatively little

the 10 published datasets they analyzed, studies with more genera and species showed lower
correlations among distance matrices calculéted at different levels of taxonomic resolution.

Although, as Hawkins et al. (2000) proposed, samples from communities with greater geferic
and specific diversity will be more informative when organisms are identified to genus or species than
when only family identifications are made, such information may just represent undesirable noise m a
bioassessment unless deviation frofn reference conditions is more evident with genus identiﬁcation
(Figure 2). We need more work on the detectability of the degradation of individual test sites with
different degrees of taxonomic resolution.

3. Are the resouices available to get accuréte and precise data at the genus/species level?

Sometimes the argumént for family or coarser level taxonomy is couched in terms of resource
savings. Although skilled technicians often point out that the incremental costs for them to identify a
group of invertebrates to genus rather than family is very small, the more pertinent question is if real
cost saviﬁgs afe possible because the need for highly skilled taxonomic experts is avoided. This does
not mean, however, that sampling methods and processing may be more haphazard and sloppy if
identifications will only be to the family or order level. Whether identification is to order, family, or

genus/species level, resources for housing a reference collection as well as assessing and controlling
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the quality of the resulting data must also be in place. Family or even order identifications will require
expert verification, particularly if the p'ublic is involved in sample collection and initial pr,QCessing». Such

samples will also be readily available if identification to genus or species is desirable in the future.

Otherwise, the resulting data will be worth as much as the effort put into confirming its quality. With

all of these considerations, the cost difference between family and genus level identification may be
sﬁlall enougﬁ that project managers opt for genus identification and err on the side of too much, rather
than too little, information.

Often the proponents of “lowest practicable identiﬁcation’; are particularly concerned with
missing rare species in the cort}munity in a bioassessment. Unfortunately, unless a paﬁiculé,r subset of
species relevant to a ﬁart_icular. study is targeted for identification as present or absent in a community,
many of the rare species will be missed in a typical berithic subsampl_iﬁg plfocedure, constrained by
limiting resources. Simulated subsampling of collections from sites in the Fraser River (B.C,, Canada)
basin that were completely processed and identiﬁedvto the lowest practicable ievel showed that only
large (500-1000 individuals) subsamples of sites with relatively low diversity (< 30 taxa) and
abundance (< 2000 individuals) recovered more than 75% of the taxa actually present in the collection
(Figs. 3 and 4). This is similar to the lack of success of Cao et al. (1'998) in finding all the taxa in
simulated subsariples of a large benthic macroinvertebrate eorhmunity sample from a site. Thus, ifit is
deemed critical to dévelop a full list of all of the taxa present at a site, 1000’s of organisms must be
identified. Although relative abundance data are not needed from such p;ocessing, the cost of
identifying all unique taxa in such a large sample may be prollibitjve such that it reduces the number of
sites that may be visited and assessed in a given \sampling yéar. The proportion of fhe actual number of

taxa estimated varied substantially among subsample sizes (Figs. 3 and 4), but there are very strong
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correlations among the various subsample sizes in the estimated fichness of a site (Fig. 5). Even

subsamples of 50 orgariistns were able to put the 20 sites considered here on roughly the same gradient

of richness as the subsample of 1000 organisms. So genus identification may not be particularly useful

at finding all of the taxa, but it will certainly describe a site’s richness relétive to others ;ather
precisely. |
Perhaps the best use of always limiting resources for processing of benthic macroinvertebrate

community sarples would be to first record community structure and composition (i.e. taxa present
and their relative abundance in the community) at the family level based on a subsample of 200-500

. organisms. These community data would be used in multivariate analysis of community variation (e.g.
Reynoldson et al. 1999) or index calculations (e.g. Barbour et al. 1999) necessary for a bioassessment.
Complementary to this characterization of the community, a short list of critical indicator taxa
pertinent in the context of a particular study (e.g. species of Hydropsychidae caddisflies in an area with
metal mining effluent) should be created, and a reasonably large number of individuals processed in
looking for these taxa from each site sampled. The chance of nﬁssing a given indicator taxon by this
procedure is small, even if the taxon is quite rare. Figure 6 illustrates this with what we call the "1% |
rule"; if oné examines a subsample of 500 individuals, there is less than a 1% chance that a taxon with
a relative abundance of at least 1% will be missed. The two-tiered protocol we suggesf would be
much less resource consuming than either identifying all members of a 200 organism subsample to the
lowest practical level (a fruitless task that will miss many taxa and result in no better a characterization
of community structure and composition) or identifying all unique taxa from a much larger subsan@
Tt would result in a sensitive, accurate, and efficierit bioassessment of a site.

Taxonomic Resolution in Bioassessment Depends on the Ecological Context.
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species level. Conservation, range deﬁniti’on, productivity and population dynamics studies all, by
definition, require species identifications. It also satisfies the soul of the naturalist that lives within
most benthologists to be able to name the species of an organism recovered from a lake or stream, and
have at least a little insight into its unique featureé. But in the context of biological assessments, when
we require a precise and accurate answer to a basic question. .. “Is this ecosystem degraded?” ... we
miust carefully judge when it is worthwhile to expend tﬁe extia resources to get good quality
genus/species identification of our invertebrate samples. Organisrhs identified td genué or species must
provide a significantly more informative description of the community present at a reference or test
site. In other wérds, there should be substantially more variance among communities identified to |
genus (however community structure is qu_fan'tiﬁed). than among communities identified only to family.
Also, genus identification must enable better detection of a given test site’s departure from reference
condition, and not just increase ecological noise. If we have prior knowledge of varying sensitivities
among species that are present in our stu&y area (e.g. Ceraclea spp.), they should be identified and
exploited as indicators of departure from reference condition in our study. For a community al_s a
whole, genus or species identification tends to improve our ability to judge test sites in study areas
with diverse fauna at the geneﬁd level that vary substantially within families in their ecological niches
and tolerances. In some cases, even é diverse fauna with little variability among genera within a family
in their niches and tolerances will simply add ecological noise to our description of the reference
condition, making it harder to detect degraded sites. Finally, regardless of our judgment about the
nature of diversity and necessary taxonomic resolution in our study area, we must insure that sufficient

resources are directed to the precise and accurate description of the community. If family level
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identification is sufficient, we must direct resources to the proper maintenance of samples in case
genus/species identifications are warranted in the future. Our always limited resources must be

targeted where we can get the most “bang for the buck”.

References

Bailey, R.C., M.G. Kennedy, M.Z. Dervish, and R. M. Taylor. 1998. Biological assessment of
freshwater ecosystems using a reference condition approach: comparing predicted and actual
benthic invertébrate conﬁ_nuni_tie’s in Yukon streams. Freshwater Biology. 39: 765-774.

Barbour, M.T., J. Gerritsen, B.D. Snyder, and I.B. Stribling. 1999. Rapid Bioassessment Protocols

for Use in Streams and Wadeable Rivers; Periphyton, Benthic Macroinvertebrates and Fish,
Second Edition. EPA 841-B-99-002. U.S. Environmental Protection Agency; Office of Water;
Washington, D.C.

Bowman, M.F., and R.C. Bailey. 1998. Does taxonomic resolution aﬂ_‘éct the multivariate description
of the structure of freshwater benthic macroinvertebrate communities? Can.J.Fish. Aq.Sci.
54:1802-1807.

Cao, Y., D.D. Williams, arid N.E. Williams. 1998. How important are rare species in aquatic
community ecology and bioassessment? Limnology and Oceanography. 43 1403-1409.

Furse, M. T., D. Moss, J. F. Wright, and P. D. Anﬁitage. 1984. The influence of seasonal and
taxonomic factors on the ordination and classification of running-water sites in Great Britain
and on the prediction éf their macro-invertebrate communities. Freshwater Biology 14:257=280?.

Hawkins, C.P., R H. Norris, J.N. Hogue, and J.W. Feminella. 2000. Development and evaluation of
predictive models for measuring the biological integrity of streams. Ecological Applications. in

press.

JNABS ms 09/05/00
Bailey et al Page 10 of 13



I- - - -‘ - i
: ! : i - - n
:

Hilsenhoff, W.L. 1987. An improved index of organic stream pollution. Great Lakes Entomologist. 20:
31-39.

Lenat, D. and V.H. Resh. 2000. Taxonomy, stream macroinvertebrates, and watef quality assessments
— what’s the value of having a name? JNABS Bridges. |

Marchant, R., L. A. Barmuta, and B. C. Chessman. 1995. Influence of sample quantification and
taxonomic resolution on the ordination of macroinvertebrate communities from running waters
in Victoria, Australia. Marine and Freshwater Research 46:501-506.

Norfis’, R. H. 1996. Predicting water quality using reference conditions and associated communities.
Pages 32-52 in R. C. Bailey, R. H. Notris, and T. B. Reynoldson (editors). Study design and
data analysis in benthic macroinvertebrate assessments of freshwater ecosystem§ using a
reference site approach. Technical Workshop, North American Benthological Society, Kalispell,
MT.

Resh, V.H,, and J.D. Unzicker. 1975. Water quality monitoring and aquati¢ organisms: the importance
of species identification. . Water Poll. Control Fed. 47: 9-19.

Reynoldson, T.B., R H. Nortis, V.H. Resh, and D.M. Rosenberg. 1998. The reference condition: a
comparison of multimetric and multivariate approaches to assess water-quality impairment using
benthic macroinvertebrates. J North Ain.Beﬂth,,. Soc. |

Warwick, R.M. 1988. The level of taxonomic discrimination required to de;tect pollution effects on

marine benthic communities. Mar.E(:ol.Pr'og.Ser. 19:259-268. |

JNABS ms 09/05/00
Bailey et al Page 11 of 13



. "_OKQ(M“. }
Table 1. Variability among taxa' inAindices commonly used to measure the sensitivity of benthic

macroinvertebrates to pollution (http://www.epa. gov/owow/monitoring/rbp/ )

Among Among Among
: Orders ‘ Families Genera
Idaho 2.08 6.28 1.96
(ll\&bpi)
Ohio 0.95 321 1.87
Notth | 38 | 333 3.52
Carolina
Wisconsin 425 3.12 362
MidAtlantic 291 1.13 4.74
Coastal '
Streams

"Taxa included Coleoptera (Elmidae, Hydrophilidae, Psephenidae), Diptera (Certatopogonidae, Chifonomidae),
Ephemeropte’ra (Baetidae, Ephemerellidae, Heptageniidae), Odonata (Gomphidae, LiBellu]idae),
Plecoptera (Chloroperlidae, Nemouridae, Perlidae, Perlodidae), Trichoptera (Brachycentridae,
Hydropsychidae, Leptoceridae, Limnephilidae, Polycentropodidae, Psychomiidae). Not all indices were

available for all genera.
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Figures

Figure 1. The effect of taxnotmonic resolution on the descriﬁtion of community variability in an
ordination may be either large (left) if there is substantial additional information at the generic
level relative to the family level, or small (right) if there is little additional information.

Figure 2. Increased taxonomic resolution may miake it either easier (left) or harder (right) to detect
deviation of a test site from reference conditions.

Figure 3. The average (10 subsamples per point) proportion of actual richness as it relates to the actual
rich‘nés's at a site (20 sites) for s’uﬁsamples of 50, 100, 200, 500, and 1000 individuals.

Figure 4. The average (10 subsamplés per point) proportion of actual richness as it relates to the total
number of organisms collected at a site (20 sites) for subsamples of 50, 100, 200, 500, and 1000
individuals.

Figure 5. Cbrrelations' in tﬁe average (10 subsamples per point) proportion of actual richness estimated
with subsamples of 50 (PRICHS50), 100 (PRICH100), 200 (PRICH200), 500 (PRICH500), and

1000 (PRICH1000). | |

Figure 6. The probability of not detecting a given taxon as a function of the relative abundance of the

taxon in the community.
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