SELECTING BIOLOGICAL
INDICATORS FOR RESOURCE
MONITORING

Heavy visitor use in parks can cause unacceptable dete-
rioration of resources such as soil compaction, soil loss,
vegetation loss, disruption of normal nutrient cycles,
changes in hydrologic cycles, and changes in animal pop-
ulations. To identify biological indicators that measure
visitor effect and response of resources to management,
Arches National Park developed a Visitor Experience and
Resource Protection (VERP) plan that prescribes five steps
(Belnap, J. 1998. Choosing indicators of natural resource
condition: A case study in Arches National Park, Utah,
USA. Environmental Management 22[4]:635-42). (1)
Identified are vegetation types that visitors use most.
Compared are samples of vegetation and soil in affected
and unaffected sites. (2) Variables that differ significantly
between the compared sites are used as potential indica-
tors. (3) Site-specific criteria for indicators are developed
with information from previous studies and local experi-
ence, and potential indicators are evaluated with the cri-
teria. (4) The selected indicators are further examined for
ecological relevance. (5) Final indicators are selected and
field-tested, and monitoring sites are designated.

Indicators for monitoring annually in Arches National
Park were a soil crust index, soil compaction, and the
number of used social trails and soil aggregate stability.
Indicators for monitoring every five years were vegetation
cover and frequency, ground cover, soil chemistry, and
plant tissue chemistry. For monitoring, Arches National
Park was divided into zones that reflect various types and



levels of visitor use. In these zones, sites that were affect-
ed most by visitors were monitored under the assumption
that these sites would best indicate compliance in the rest
of the zone. Monitoring sites were changed with changes
in visitor use.

The approach to indicator selection in Arches National
Park was time- and cost-effective. The identified indica-
tors were better than genetic indicators for different habi-
tat types, geographical locations, or use levels. The
process was effective for defining acceptable resource con-
ditions for different levels and types of recreation and for
providing management with clear, quantified directions.
Weaknesses of a plan like VERP are (1) the need for lead
time (2 years or longer) to survey habitats, develop a list
of potential indicators, determine ecological relevance,
and field-test the indicators; (2) staff expertise for the
assessments; and (3) time and money, constraints of
which may necessitate that measured variables are limited
to those that are clearly visible, inexpensive, and easy to
measure. The tiered approach of measuring some vari-
ables annually and other variables less frequently may be
an acceptable response to time and money constraints.



