




exploration of the dil lerences in terrestrial
arthropods at sites with different histories of hu-
man influence shows tbat eight biological mea
sures correlate significantly with degree of hu-
man disturbance. Thosc eight measures can be
combined to produce a multimetric biological index
(T-lBIFan integrative evaluation of the biologicitl
cffects of varying histo es of human activities at
each of the nine INEEL study sites.

T-IBI captures the often extreme biological
changes that have occurred, changes that are not
normally reflected by more nalTow measures such
as counts of threatgned and endangered species.
The level of signiticance for the conelations be-
twecn meffics and disturbance rating (P < 0.01),
combinedwith divergentindex values for sites with
difftrent disturbance histories, reinlbrces oul con-
hdence in this approach to biological assessment.

Still, our limited data set (nine sites and one
year) make it inappropriale to overinterpret (or
extrapolate) our results, even if we can find de-
tailed, statistically significant pattems in the data.
Vcry detailed statistical analyscs of small data sets
lack crcdibility in validating a measurcment tool
for broad applicability. we therefore compared
our INEEL results with a larger data set tiom the
Hanlbrd Nuclcar Reservation in Wash ington State
(Kimberling et al. 2001).

The Hanfbrd T-lB I was strongly associated $ith
hunan disturbance in all 3 yr (Kimbe ing et al.
200l).Index values varied widely. depending on
land use history and current human activity. We
found, for example, that the Arid Lands Ecology
(ALE) Rcserve had a TJBI of 3rt (maximum 40),
but the old Hanford town site, abandoned in the
1940s, had aTIBI ofonly l0 (minimum 8). Dif-
ferences in spccific metrics from minimally dis-
turbed sites to severely altered areas included
species richness, or biodiversity, that was lower
in ground dwellers (23%), predators (3.17.),
detrit ivores (5l7r), and mites (8770). Family rich-
ness was lower by .107r. Our Hanford T IBI cap-
tured varialion in arthropods associatcd with our
study sites' diff'erent histories of human intluence.

Ahhough the terrestrial anhropod faunas at
INEEL and Hanford are not identical, they arc
similar; 357r (187.) of the 531 species fbund at
INEEL also occurred in our Hantbrd samples. We
evaluated 56 biological measures lrom one ycar
of INEEL data; 21 (38%) shou'ed significant dose-
response relationships to human influencc, a num-
ber that is strikingly similar to the l9 (337a) and

22 (397o) of57 significant attributes in the Hanfbrd
data fbr 1997 and 1998 (Kimberling et aJ 200 | ).
We used these similarities to develop a generally
applicable shrub-stcppe T-IBI, in much the same
way as a benthic invertebrate lBl (B-IBI) was
developed for streams in Tennessee. the Pacific
North$est, and Japan (Kar 1998).

A total of 12 biological attributes met our stan-
dards of association between disturbance rating
and biological condition at Hanford (8 metrics
out ofthe 12, 2 yr, P < 0.05) and INEEL (10 metrics
out of 12. I yr, P < 0.01) (Table,+). Six metdcs
with clear dose-response relationships to distur-
bance-total fan.rily richness: Diptera family rich-
ness; Acarina species richness: predator specles
richness; detrit ivore species richness; and adult
ground dweller species dchness overlapped at
Hanfbrd and INEEL. In other u'ords, the same
dominantbiological characters chrlnged in response
to  d i re rse  hum.rn  in f lucncc \  a l  .h rub-s teppe \ i te .
of Washington and Idaho. Thus it is reasonable
lo  inc lude a t  l c rs t  lhose core  6  met r i rs  in  a  n r . ' -
Iiminarv shrub-steppc T-lBl. Indeed, aT IBI com-
posed ofthose six met.ics correlated very strcngly
with the disturbance gradient 1br our nine INEEL
sitcs (P < 0.001) (Table 5).

Two metrics in the Hanford index polypha-
gous Carabid species richness and relative
abundance of Collembola did not correlate
significantly with disturbance rating at INEEL.
Co 'ersel)'. two metrics in thc Idaho index spe
cies richness of darkling beetles (Tencbrionidae)
and species richness of bees, wasps. and allies
(Hymenoptera) did not go into the Hanfbrd in-
dex. When thc two Hanford metrics are added to
the overlapping core six metrics the Hanford
TIBI (WA 8)-the resulting index correlates with
disturbance at INEEL to the same extcnt as the
original INEEL T-tBl (lD-S. P = 0.01l: WA-S; P
= 0.004) (Table 5, Figure,l). In r:f'fect. the cone
lation bctween the disturbance gradient and bio-
logical condition at INEEL is significant whether
measured by metrics defined by analysis of
Hanford or INEEL data.

Combining analyses at bolh INEEL and
Hanford yiclds nine netrics corelated significantly
with disturbance rating in three out offour years,
regardless of study regjon (Best 9, P <0.002) (Table
5). These 9 conslitute the most inclusive l ist of
mctrics; biological condition as measurcd by those
9 metrics is correlated with human disturbance
ruting at INEEL (Figure,l). We conclude that a
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Figure .1. Relationship berween disturbance rating ai nine INEEL sites and T-lBls based on lbur aller
native combinations ofmetrics. Data and regression line sho$,n forCofe 6 and Best 9 T-lBlsi
regression line only fof ID 8 and $A 8 T lBls. Sce Tables,l and 5 for description of altema-
tive combinarions of metrics.

this metric, then, adjusting the boundary levels
needed to score a 5 (e.g., f iom,17 to 60) would
likely provide a morc accurate assessment ofsites
at INEEL.

We do not know whether the differences in
taxa richness between the two areas rcflect dif-
fercnces in the biota (higher natural biodiversity
at INEEL) or differences in the history of human
int' luence (more human caused degradation at
Hanford). It will take more study to resolvc such
scoringthreshold questions. For present purposes,
we did not adiust scoring thresholds. The result
is that the absolutc values of T IBI for the best
Hanfbrd sites fall below those for the best INEEL
sites. Without further research we cannot kno$,
if the discrepancy rellects rcal discrepancies in
biological condition (histories of human influence)
or imprecise scoring because we do not recog-
nize real differences in biological diversity in our
two study regions.

Observations

We offer other obsen'ations that may help with
interpretation of future monitoring and assessment
studies. First, the only two metrjcs that lncreased

significantly with increasing human influence at
Hanfbrd-the percentage relative abundance of
Collembola and polyphagous carabid taxa rich
ness were not significant at INEEL. None of
the metrics in our recommcnded nine-metric T-
lBl increased with human influence. When faced
with severe or incessant disturbance (for example.
like that in the gravel pit at INEEL. where little
survives), even those groups favored by distur-
bance may not be able to persist, a situation also
encountered in aquatic systems and for which
appropriate scodng adjustments are available
(Rankin and Yoder 1999).

Second. when choosing metrics fbr a
multimetric index, onc should avoid those that
arc biologically redundant (Karr and Chu 1999).
Our decision to exclude two significant INEEL
metrics (specics richness and mite relative abun
dance, which were redundant with lamily rich-
ness and mitc richness) from the final nine met
ric T-IBI did just that. Neveftheless, threc of the
nine T-lBl metdcs were more redundant biologi-
cally at INEEL than at Hanford. Nearly two thirds
ofdctritivore species were also adult ground du'ell-
ers, and more than one-third of predator taxa wcrc
also ground dwellcrs. Ground-dwelling taxa are
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likely sensitive to soil and understory disruptions
that interfere with their life cycles; detritivores
may also bc more susceptible than other taxa to
changes in the soil or l i tter conposition because
of their often sedentary nalurc (Moldenke and
Lattin 1990). Predators may be more affected by
disturbance as thcir prey populations decline or
become liagmented (Didham et al. 1998).Although
crces . i re  h i r r lop i iu l  redundanc)  rmonS:  met r ic .
ma1 iu . t i lS  e l im inr t ing  mct r i c :  in .ome ( i rcum-
stances. we believe that the overlap afrong our
nine metrics is not large enough to outweigh the
increased resolution thal comes from including
more highly significant mctrics in the inder.

Our combined Hanford and INEEL studies
show that T-IBI mctrics are sensitive to human
influences over more than one isolatcd geographic
area. Our results rejnforce the view that the prin-
ciples en.rbodied in multimetric indexes meet the
National Research Council 's criteria fbr good
ecological indicators: they reflect diye$e dimen-
sions of the system under study, simplify infor-
mation about complex phenomena to improve
communication with interested pafi ies, and are
cost effective (National Academy of Sciences
2000). Measures ofbiological condition. such as
T-lBl. incorporate a depth and breadth that goes
beyond counts ofthreatened, endangercd. orcom
modity species. They also highlight the impor
tant l inks among taxa, composition. and lunction
in ecological systems the pafis and processes
that constitute a living system's integrity.

Ecological, especially biological. indicators are
central to an1' effon to measure and understand
the en\ ironmcntrl con\equcnr'c\ ulhuman action\.
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