
B

So
shou
more
time
lems

Th
in th
tion 
stem
reso
curre
addr
selv
dyin

Th
abou
park
aid, 
rese
aqua
tunit
natu
impo
ing l
Eng
Calif
was 
natu
cons

In
ecol
NPS
act o
urba
ery r
were
than
urba
evid
cond

W
prog
to th
facil
Con
and 
restr
opp
mon
shar
Serv
natu
mon
nel I
for o

In 
tiona
also
sity 
dard
miss
pres
resto
ica. 

He
them

s. Major environmental factors, such as weather 
Why Mon
y Gary E. Davis and William L. Halvorson 

me pragmatic park managers are asking "Why 
ld I monitor park resources? I already know about 
 problems than I can afford to address for a long 

, why spend money looking for additional prob­
?'' 
ese are serious questions, especially when asked 
e fiscal climate of Gramm-Rudman deficit reduc­
and eroding park budgets. The immediate answer 
s from our profound lack of knowledge of park 
urces and the forces that sustain them. With the 
nt level of knowledge we cannot be certain we are 
essing the most critical issues. We may find our­
es treating ingrown toenails while our patient is 
g of undiagnosed cancer. 
e authors have been professionally concerned 
t the conditions of natural resources in national 
s for nearly a quarter of a century as fire control 
park ranger, resource management specialist, and 
arch scientist. Our experience and research in 
tic and coastal ecosystems provided early oppor­

ies to witness, in short time periods, the dynamic 
re of such systems. We witness firsthand how 
rtant were extreme "catastrophic" events in shap­
ong-term resource conditions in places like New 
land, the Virgin Islands, South Florida, and the 
ornia Channel Islands. From this perspective, it 
apparent that the Service was trying to preserve 
ral systems without understanding how they were 
tantly changing. 

 addition to natural dynamics, we also saw the 
ogical integrity of parks threatened because the 
 did not have adequate information upon which to 
r with which to compete in political battles over 
n encroachment and allocations of water and fish­
esources. It became clear to us that if the parks 
 to survive into the 21st century as anything more 
 pleasuring grounds and emotional retreats from 
n landscapes, the NPS must obtain and maintain 
ence that is defensible in a court of law on the 
ition of park resources. 
hat is needed is nothing less than a continuous 
ram for monitoring natural resources, equivalent 
ose programs that already exist for monitoring 
ities, personnel, and fiscal resources. In t980, 
gress provided a legislative mandate to inventory 
monitor population dynamics of marine and ter­
ial species in Channel Islands NP We used that 
ortunity to develop a park-based ecological 
itoring program. Based on that experience, we will 
e with you our ideas about WHY the National Park 
ice needs to monitor natural resources, WHAT 
ral resources should be monitored, and HOW to 
itor them. Furthermore, we propose that the Chan­
slands NP program could serve as a useful model 
ther parks. 

WHY Monitor 
addition to being pleasuring grounds and emo­
l retreats, national parks as natural ecosystems 

 provide society with the greatest possible diver­
of wild gene pools and serve as ecological stan­
s of "miner's canaries" for the biosphere. The NPS 
ion is to maintain healthy park ecosystems by 
erving and protecting unimpaired parks and 
nng others to produce vignettes of primitive Amer­
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The
althy parks, just like healthy people, maintain 
selves. However, the NPS must play the role of 
itor Park He
y physician for parks by: 
Determining when the park is sick by monitoring 
gical health with regular checkups. 
Treating illness (disfunction) and repairing 
ge, and 
Preventing illness and mitigating threats. 
atural resource monitoring program must provide 
ame kinds of information to park managers that 
h monrtoring provides to physicians. It must indi­
current health, predict future conditions, be sensi­
to subtle chronic stresses, identify overt lethal 
ts, and suggest effective treatments for disfunc­
An effective monitoring program also will help 
ify causes of system disfunction in addi1ion to 
ifying signs and symptoms. 
velopment of modern medicine provides a good 
gy to understand the "state of the art" of natural 
rce management. Diagnosis and treatment of 
 diseases like cancer have come a long way in 
00 years since William Harvey discovered the 
ion of the heart and circulatory system. ln the 17th 
ry, people died of cancer without diagnosis or 
ent of underlying causes. Fifty years ago can­

were diagnosed posthumously but not treated. 
ty years ago, with late diagnosis, radical surgery, 
arsh chemical and radiation treatments, few peo­
urvived cancer. Today we monitor our bodies, 
ose earlier, treat with minor surgery and chem­
apy, and many survive. In the next generation, 
 reliable monitoring, precursor diagnosis, and 
 effective treatment will "cure" our children's gen­
n of cancer. And in the near future, we hope to 
rstand cancer's cause and prevent it from occur­
in our grandchildren. 
tural ecosystems are dying in parks and we can't 
diagnose the illnesses, let alone identify their 

es, prescribe treatments, or begin preventive 
s. Our present level of knowledge of ecosystem 
gement is equivalent to the 17th century level of 
n medicine. Long-term ecological monitoring is 
rst step in learning how to assess ecosystem 
, establish normal limits of variation, diagnose 

s, and develop preliminary treatments. We have 
rn what and how to monitor, and how to use the 
ts before we can develop our first generation of 

ents. Development of effective treatments for 
stem disfunction require knowledge of causes. 
al observation and experimental research identi­
auses of human disease, but causes of change in 
al systems are poorly known. Monitoring identi­
otential agents of change by correlation, like clini­
servation, and helps frame experimental designs 
ntify actual causes that will lead to development 
ective treatments. 

WHAT To Monitor 
 need to discover the "vital signs" of park eco­
ms, learn how to monitor them, define normal 
tions, and develop treatments to mitigate human 
ts. Just as a physician monitors patients' vital 

 we need to monitor ecosystem parameters. Phy­
s measure pulse, blood pressure, temperature, 
t, height, age and can determine prresent health 
roject near-term future health from these and 

 basic parameters of human physiology. 
re are several legitimate ways to describe eco­
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systems. Among the more popular and potentially use­
ful for long-term momtoring are biodiversity, energy 
flux, nutrient cycles, and population dynamics. Bio-
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and
of s
prof
alth? 
ity is an important attribute of the biosphere that 

ons at many levels: genetic, individual, popula­
ommunity, and even ecosystem. The repeated 

tories required to monitor biodiversity are expen­
nd difficult to conduct. They require highly skilled 
yors to identify the elements of diversity. The 
ommon level of ecological diversity, the species, 

 very sensitive to environmental stresses and 
es only a record of the past. Changes in diversity 
ifficult to assess and ambiguous to interpret in 
 of system changes. They are also difficult to 
 to management issues. 
rgy flux provides a common currency for com­
ns among system elements by reducing every­
to kilocalories. Measurements of energy in eco­

s is often complex and difficult in the field, and 
ently requires destructive sampling (e.g. estimat­
omass in root systems). Changes in energy flux 
re difficult to interpret in terms of system health. 
logical limiting factors, such as nutrients, can be 
to characterize ecosystems. Drawing on an 
tant management principle, this approach to sys­
onitoring selects a few critical control points in 
stem and evaluates the flow of selected constitu­
hrough those points. This approach requires an 
sive a priori understanding of ecosystem struc­
nd function, and as with energy flux, measure­
 are often complex and difficult to conduct in 
ness settings. The results also are difficult and 
uous to interpret. 
ulation dynamics, the ways in which populations 
e, offers the best solution to the biological com­
t of NPS ecosystem monitoring. Parameters of 

ations like abundance, distribution, age struc­
reproductive effort, and growth rate are easily 
ured, sensitive to subtle, chronic stress, and can 
t future conditions. This approach also reflects a 
variety of environmental conditions because 
isms integrate effects of influences like preda­
ompetition, and food condition, and express their 
nses as easily measured population parameters. 
eters such as age structure and reproduction 

t projections of future conditions, providing early 
ings of pending problems. Subtle, chronic 
ses are reflected 1n reduced growth and 
uctive rates. Interpretation of these parameters 
ct and can be synthesized into system level 
ations, and most management controls operate 
 population level, so applicant to management 
 is direct and measurable. 
 selection of taxa to monitor may be one of the 
perplexing aspects of designing a monitoring pro­
. At Channel Islands NP we took a Delphi 
ach, with selection guidelines. After dividing park 
rces into an exhaustive list of large, mutually 
ive, classical taxonomic categories, experts in 
taxon were asked to select species that repre­
d a broad array of ecological roles, w1th examples 
ny trophic levels and life forms from primary 
cers to top carnivores and sessile invertebrates 
e ranging birds and mammals. Species with legal 
 or specifically mentioned in park enabling legis­
were included, as were endemics and al1ens, 
sted taxa, dominants characteristic of whole 
unities, common taxa, and heroic or chansmatic 
 sea temperature are also important determinants 
ystem dynamics, and must be monitored. Some 
essional judgment is required to determine if exist-
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 resource inventories are sufficient to identify sys­
 "vital signs, n but we suspect that most parks have 

ough information with which to proceed. 
Site selection is also important. It is important to put 
 thermometer under your tongue every time to get 

liable body temperature readings, but it is not neces­
ry to measure body temperature on a uniform grid all 
er your body to get an accurate reading. Monitoring 
ations need to be stratified to efficiently sample 
lected populations. Sites need to be representative 
the entire system to be monitored, but it's too expen­
e to sample on uniform grids just to satisfy GIS 
ftware. 

HOW To Monitor 
At Channel Islands NP a step-down plan was used to 
scribe the tactics of monitoring system design (Fig. 
 The major activities were a literature review funded 
 the Man-in-the-Biosphere Program, monitoring 
pulation, dynamics, and report preparation. Design 
d testing of monitoring protocols was the major 
search effort, which consisted of two activities: 1) 
ecies selection, accomplished through literature 
views, field surveys (inventories) and application of 
lection criteria, and 2) a series of design studies to 
velop monitoring protocols. Each design study sum­
arized historical data, selected or designed sampling 
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ng-term programs must be capable of adapting to 
ging conditions and improved technology without 
g continuity. Changes in monitoring protocols are 
mented in the annual report on the condition of 
 resource category and the handbooks are 
ted accordingly. Ten handbooks have been com­
d to date: pinnipeds, sea birds, rocky intertidal 
unities, kelp forest, terrestrial vertebrates, land 

, terrestrial vegetation, fishery harvest, weather, 
visitors. Two more are in production: terrestrial 
tebrates and sandy beaches and estuaries. 
en though this approach divides park ecosystems 
rbitrarily defined, but manageable units, applica­

of results will require synthesis, into ecologically 
lete units. This synthesis requires collaboration 
th resource management and research person­
atural resource monitoring must be conducted as 

ientific endeavor, but it is conducted as a base­
ed resource management operation, not as 
arch. 
e population dynamics based system deesigned 
hannel Islands NP is a good model for other NPS 
. Channel Islands NP faces overt threats to park 
ystems that are common to many parks: alien 
ies, air and water pollution, and direct human 
cts, such as fishery harvest, trampling and col­
g, trail erosion, and wildlife disturbance. The 

iversity of marine and terrestrial resources at Chan­

N
the 
limit
effec
stan
The
mon
latio
inte
cha
con
chro
reso
tem

In
tem
Isla
app
tion
dete
com
bas
con
for 
age
17 
Summary 

atural resources need to be monitored to assess 
health of park ecosystems, to determine normal 
s of variation, to identify illnesses early enough to 
tively and economically treat them, and to under­
d park systems well enough to prevent disfunction. 
 biological components of natural resource 
itoring in national parks should be based on popu­
n dynamics of key species. These populations 
grate environmental conditions and respond with 
nges in easily measured parameters, project future 
ditions for early warnings, are sensitive to subtle 
nic stresses, permit direct interpretation of 
urce conditions and can be synthesized into sys­

 level applications. 
 addition, many management controls on the sys­
 function at the population level. The Channel 
nds model can be adapted for Service-wide 
lication. The next great challenge is implementa­
 and institutionalization. Now that we have begun 
rmining why, what, and how to monitor, we need a 
mitment to scientific management and park-level 
e-funding to do it. If accountability for knowing the 
dition of park ecosystems were made equal to that 
facilities, personnel, and fiscal resources, man­
rs will find the best solutions for their units. 
de

m
systems, established data management procedures, 
established reporting procedures, and field tested and 
documented the protocol in a handbook. 

d
nel Islands also assures analogs with most other park 
units. 

Davis is Marine Biologist and Halvorson is a 
Research Biologist at Channel/stands NP. 

STEP-DOWN PLA N FOR NATURAL RE SOURCES MONITO RING AT CHANNEL ISLA N DS N ATIONAL PARK, CALIFORNIA 
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