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"... unfortunately, adequate experiments in ecology 
may demand unrealistic resources." (Furness et al. 
1993:1) 

"...a management scheme is always an experiment..." 
(MacNab 1983:398) 

Introduction 

The benefits to be obtained by studying land 
management with an experimental approach have 
been stated repeatedly (e.g., Romesburg 1981; 
MacNab 1983; Kamil 1988; Walters & Holling 1990; 
Gutzwiller 1991; Cooper & Barmuta 1993). 
Ecologists can gain because habitat management 
often occurs at large-scales and at multiple sites, thus 
allowing them to study phenomena that otherwise 
would be logistically difficult to address. Land 
managers benefit because they typically perform 
manipulations with a specific goal in mind, and it is 
in their interests to know a) which manipulation best 
achieves stated management goals and b) whether 
the results are likely to be repeatable in the future Or 
at other sites. In addition, the better the biology of 
an ecosystem, or species, is understood the more 
effective management is likely to be (Shrader- 
Frechette & McCoy 1993). Wildlife managers and 
ecologists, however, have not exploited management 
activities to their full potential (Romesburg 1981; 
Murphy & Noon 1991). Land management 
experiments still are uncommon in ecology (though 
see examples below). Although much 
experimentation is done by wildlife managers, it 
rarely is done in a rigorous manner, greatly reducing 
its scientific value (MacNab 1983). 

Limited communica. tion between wildlife managers 
and academic ecologists and the failure to recognize 
the mutual benefits probably explains the lack of 
concerted effort. Managers may not recognize the 
benefits of adhering to experimental design 

principles, or may lack the time or the mandate to 
plan and conduct detailed experimental studies. 
Ecologists, on the other hand, often do not know 
enough about management issues and constraints to 
plan experiments that provide the information that 
would be most useful to managers. Increasing the 
number of management experiments, therefore, 
requires the cooperation of those with jurisdiction 
over how land is manipulated and the expertise to 
conduct those manipulations (wildlife managers) 
and those with the training and mandate to conduct 
experiments (academic ecologists). Fortunately, such 
cooperation is increasing as is evidenced by the 
rising number of experimental studies addressing 
management issues concerning a wide array of taxa 
and habitats [e.g., waterfowl in wetlands (Kaminski 
& Prince 1981; Murkin et al. 1982; Ball & Nudds 

1989); plants and invertebrates in reedbeds (Cowie et 
al. 1992; Ditlhogo et al. 1992); invasive plant control 
on heathlands (Marrs & Lowday 1992); geese in 
pastures designed to attract them away from 
agricultural fields (Vickery et al. 1994); controlling 
gulls on airports (Buckley & McCarthy 1994)]. 

Interest in managing habitats for shorebird 
populations has increased considerably in recent 
years (e.g., Rundle & Fredrickson 1981; Hands et al. 
1991; Eldridge 1992; Helmers 1992). With the 
exception of studies. addressing predator control (e.g. 
Nol & Brooks 1982; Melvin et al. 1992), however, 
there have been few shorebird management studies 
that have incorporated rigorous experimental 
principles. Even in the area of predator control, 
experiments have been restricted in sc.ope, with most 
investigating the value of nest exclosures for a few 
species. A recent book on the management of 
shorebirds (Helmers 1992) barely mentions the 
results of experiments designed to investigate habitat 
modification, restoration, and creation (Oring & 
Elphick 1993), presumably because there are so few. 
Similarly, this topic is omitted from a recent paper on 
shorebird conservation research needs (Morrison 
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1991). Recognizing that experimental approaches 
have value to management situations could therefore 
lead to vast improvements in our understanding of 
how shorebird populations can be managed, and 
hence conserved. 

My goals in this paper are to a) outline different 
approaches to studying land-management questions, 
emphasizing the ease with which they can be 
achieved and the types of information that can be 
obtained from them; b) summarize the main 
components of a rigorous experimental approach, 
explaining how they can improve management and 
our understanding of ecology; c) demonstrate that an 
experimental approach is both feasible and 
informative through examples from waterbird 
management studies; and d) identify situations 
where experimentation could improve shorebird 
management. 

The range of experimental approaches 

I have categorized approaches to studying the effects 
of management on wildlife into five types, 
depending on the extent to which experimental rigor 
is incorporated into the study's design (Table 1). The 
first two approaches involve examining management 
methods sequentially in a trial-and-error manner. 
That is, a certain type of management is used to 
achieve a desired goal. If the management works, its 
use is continued. If it does not work a new method is 

attempted. This process continues until a 
satisfactory outcome is achieved. Approaches 1) and 
2) differ in the manner in which the outcome is 
evaluated. In 1), a judgment is based on anecdotal 
observation and is necessarily subjective; in 2), some 
form of post-hoc monitoring is conducted and 
objective criteria are used to evaluate management 
success. Both approaches suffer because alternatives 
are not compared under equivalent conditions. In 
addition, once the success criteria are attained, new 
methods cease to be used, leaving the possibility that 
the best method never was attempted. 

Elphlck: Experimental management approaches 

The remaining three approaches all involve directly 
comparing different management methods. 
Approach 3) is simply a comparison of the 
effectiveness of whatever management options are in 
use, with no experimental design (i.e., little or no 
replication and no control over the treatments 
compared or how they are assigned). The restricted 
experimental approach of 4) refers to situations 
where there is no control over how experimental 
treatments are assigned, but where enough sites and 
management options are available that choices can 
be made as to which treatments are compared and 
how experimental plots are selected. This approach 
enables principles such as replication, 
randomization, and interspersion (see below) to be 
applied, although in a restricted manner. Finally, 
there is the rigorous experimental approach 5) 
common to laboratory or agricultural studies, where 
there is complete control over the application of 
management treatments. 

The boundaries between these categories often are 
not distinct and one should view them as five points 
along a continuum. Although experimental rigor is 
the primary factor defining this continuum, a 
number of other factors vary as one moves from 1) to 
5) (Table 1). Most obviousl• the ease with which the 
research goals can be accomplished decreases. This 
is why the majority of habitat management studies 
fall into the first three categories. An important 
corollary of this decrease in logistical ease from 1) to 
5), however, is that there is an increase in the degree 
of confidence that can be placed in the conclusions 
and in the predictive value of the results. In other 
words, the price for logistical ease often is less 
confidence in the interpretations and a reduced 
ability to apply research findings in other situations 
(Romesburg 1981). 

Uses of the results from each approach also change 
along the continuum. All approaches can be used to 
generate ideas about what might be the effect of a 
certain management method. Approaches 2) and 3) 
also can be used to make tentative tests of these 

hypotheses, although these tests should be viewed 

Table 1. Approaches to studying the effects of management on wildlife. 

Approach Experimental rigor Logistical ease Uses Quality of information* 

1. Trial & error Low High Generating Low 
Subjective correlation hypotheses 

Trial & error • 
Objective correlation 

Comparative 
No experimental 
design control 

Comparative 
Restrictions on 

experimental design 

5. Comparative High Low 
Unrestricted 

experimental design 

Generating 
hypotheses, 
Tentative tests 

Generating 
hypotheses, 
Tentative tests 

Generating 
hypotheses, 
Testing hypotheses, 
Predictions 

Generating 
hypotheses, 
Testing hypotheses, 
Predictions 

High 

*Measured in terms of the confidence that can be placed in the conclusions and predictive value. 
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with great caution due to the high potential for 
unknown biases. Approach 4) and, especially, 5) 
minimize the chance of systematic bias (see below) 
and can be used to make strong inferences about the 
relative merits of the management practices used. 
These last two approaches currently are rare in 
wildlife management research, and it is on these that 
I will concentrate in the remainder of this paper. 

Planning a management experiment 

A number of factors go into planning a good 
experiment and a large literature exists on the subject 
(e.g., Cox 1958; Fisher 1971; James & McCulloch 1985; 
Kamil 1988; Mead 1988; Hairston 1989). It is not my 
goal here to explain in detail how to design an 
experiment but to summarize the main concepts and 
to demonstrate the potential management 
consequences of ignoring them. I have divided the 
discussion into four general issues. The first two 
deal with planning the experiment, the third with its 
implementation, and the last with interpreting 
results. 

1. Know the question 

The most important component of any experimental 
design is to identify the specific question(s) the 
experiment is meant to answer. A common question 
is, what type of management will best enhance 
habitat for a population of interest? Once the 
question has been identified, explicit and detailed 
hypotheses can be formulated. These should take 
the form of a null hypothesis of no treatment effect 
and an alternative hypothesis which can be either a 
general statement that differences will exist, or can 
explicitly state the expected alternative. For 
example, if one were interested in determining the 
best water depth for foraging Black-necked Stilts 
(Himantopus mexicanus), one might test the null 
hypothesis that stilts spend equal time feeding in 
water 0-10 cm deep and water 10-20 cm deep against 
the alternative hypothesis that they spend more time 
feeding in the latter treatment. The validity of these 
hypotheses then can be tested by an experiment. 
Going through this process is essential to ensuring 
that a proposed experiment is capable of testing the 
hypotheses and hence answering the question. 
Proceeding with a body of research without clearly 
stating which question(s) need to be answered too 
often leads to the discover• at a later date, that the 
data cannot be analyzed because they violate test 
assumptions (see below); that they suffer from 
unanticipated biases; that they lack consistency in 
the way the data were collected; or that some 
essential variable was not measured (Fraser 1985). 
Typically, the result of this approach is that much 
money and time are spent learning relatively little. 

2. Make useful comparisons 

For an experiment to be completely successful, it is 
essential that the comparisons made maximize the 
amount of information gained. In many habitat 
management situations, there are several potential 
treatments that could be compared. Logistics often 

limit the number that can be tested. When this is the 

case, most information is likely to be obtained by 
comparing treatments that are expected to be most 
different from each other (Kamil 1988). If no 
difference is demonstrated for this comparison, it is 
reasonable to assume that there will be no differences 

between the other treatments. If a difference is 

detected, additional comparisons can be made in the 
knowledge that they probably will be informative. 
If, however, two treatments that are adjacent on a 
continuum are compared and found not to differ, the 
scientist has no insight as to the value of conducting 
more comparisons. 

In any experiment, it also is important to incorporate 
control treatments into the design (Romesburg 1981). 
A control serves as a baseline against which other 
treatments can be compared. Two types of control 
can be identified (Hurlbert 1984). First, a control 
treatment can be a "do nothing" treatment. In terms 
of habitat management this simply entails leaving a 
certain number of sites alone so that the assessment 

of other treatments can be quantified against the 
option of no management. This allows an absolute 
assessment of a treatment's impact, rather than a 
purely relative one. The second type of control tests 
for procedural effects and helps researchers to 
understand why a given result occurs. For example, 
an experiment to examine the effect that putting 
electric fences around shorebird nests has on 

hatching success (e.g., Mayer & Ryan 1991) could 
include an additional treatment that controls for the 

effect of the fence alone, by using unelectrified 
fences. This treatment would allow the biologist to 
determine whether any differences in nest predation 
were due to the physical barrier or to the 
electrification. 

The second class of controls are most important 
when trying to determine the mechanism by which a 
treatment has its effects. In many management 
situations, understanding mechanisms is not the 
primary goal. Rather, the land manager simply 
wants to know what will occur if a certain activity is 
performed. In the previous example, the manager 
may not care whether it is the fence or the 
electrification that causes the increase in nesting 
success, as long as the increase occurs. 
Understanding why an activity causes the results it 
does, however, has advantages. For example, if 
fences alone cause an equivalent, or sufficient, 
reduction in nest predation, there is no point adding 
the costs of electrification. In general, understanding 
mechanisms, contributes to more efficient 

management (Gavin 1991). 

3. Avoid confounding factors 

The biggest problem in the design of any experiment 
is reducing the likelihood that the experimental 
treatments are confounded by some unknown factor. 
As a hypothetical example, an experiment may be 
designed to examine the effect of grazing on Long- 
billed Curlew (Numenius americanus) breeding 
success. Areas with breeding curlews could be 
selected, and half of them grazed. Counts of young 
curlews could then be used as the measure of 

breeding success. The results of the study may show 
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that there were more young curlew produced per 
pair in the ungrazed areas. From this, one may 
reasonably conclude that grazing is bad for Long- 
billed Curlews. The true reason for the difference, 

however, may be that the areas that were grazed 
happened to have more nest predators in them for 
some reason that is unconnected to grazing. Hence, 
the conclusion that grazing is bad for curlews would 
be wrong and management aimed at reducing 
grazing to benefit curlews ineffective. 

How can one reduce the chance that an unknown 

factor is confounded with experimental treatments? 
Unfortunately, it is impossible to completely 
eliminate the possibility. This is why confidence 
intervals and probabilities, which assess how likely it 
is that a conclusion is correct, are so important. To 
use Hurlbert's (1984:192) terminology, demonic 
intrusions (confounding factors that are correlated 
with experimental treatments) on an experiment 
cannot be avoided except through "eternal vigilance, 
exorcism, human sacrifice, etc."; hardly a practical 
solution in most cases. Nondemonic intrusion 

(chance events confounding experimental 
treatments), however, can be countered, at least 
partially, by ensuring that experimental units are 
independent, and by using the principles of 
replication, randomization and interspersion to 
assign treatments to experimental units (Hurlbert 
1984; James & McCulloch 1985). 

Independence: Ensuring that all experimental units 
are independent of one another means establishing 
that the characteristics of each unit (that are relevant 
to the question of interest) are not influenced by, or 
inherently correlated with, those of other units. 
Experimental units are defined as objects to which an 
experimental treatment is applied. Thus, a marsh, a 
shoreline, or a nest can all be experimental units. 
Establishing that they are independent from one 
another is important because it increases the degree 
to which observed patterns can be attributed to the 
treatments applied. For example, an experiment 
could be designed to evaluate whether chick shelters 
placed near avocet nests increase juvenile survival, 
as they do in terns (Burness & Morris 1992). In this 
experiment, half of the experimental nests would 
have shelters placed next to them and half would be 
left without shelters. If, however, sites are fairly 
close together, chicks from nests without shelters 
may be able to move to shelters placed by other 
nests. In this case the experimental nests are not 
independent of one another, because the outcome for 
one nest may depend on whether a shelter is 
available by a nearby nest. Assessing independence 
can be accomplished either using basic ecological 
knowledge or using statistical methods such as 
autocorrelation (Neter et al. 1989; Schneider 1990). 

It also is important to ensure that experimental units 
are independent from one another because 
independence of data points is a critical assumption 
of inferential statistics. Violating this assumption 
invalidates the results of statistical tests (Kramer & 
Schmidhammer 1992). This problem has arisen most 
commonly in situations where multiple measures are 
taken at a single site and treated as independent data 
points (termed pseudoreplication and discussed 
below) in statistical hypothesis testing. 

Replication: Replication simply means applying each 
experimental treatment to more than one 
experimental unit. In terms of habitat management 
this usually means having multiple sites that receive 
each treatment. The advantage of replicating is that 
it decreases the chance that randomly occurring 
confounding factors will be associated consistently 
with experimental treatments, thus improving the 
precision of statistical estimates (Hurlbert 1984). To 
use the curlew example given earlier, if there is one 
site that is grazed and one that is not, and there is 
variation in the abundance of nest predators in the 
region where the experiment is conducted, it is 
possible that one site will have a lot of predators and 
the other will have few. Thus, the experimental 
treatment is confounded with abundance of 

predators. If, however, ten sites were used for each 
treatment, the chance that all ten grazed sites also 
had high predator abundance and all ten ungrazed 
sites did not would be quite small. Variation in 
predator numbers would not be eliminated in the 
latter case, but it would be much less likely that it 
would influence any conclusions made about the 
two experimental treatments. Obviously; as the 
number of replicates increases the probability of 
treatments being confounded declines and the more 
confidence the experimenter can place in his 
conclusions. It should be equally obvious that there 
always will be constraints on the number of 
replicates that can be obtained. A common problem 
facing an experimenter is to determine just how 
many replicates are needed. If the variability of the 
system is known, this can be calculated for the 
desired confidence levels (Cohen 1988). As a general 
rule, the greater the likelihood of chance events 
influencing an experiment's results (i.e., the more 
variability there is in a system) the more replicates 
should be used. 

It is important to stress that replication requires the 
multiple application of a treatment. A common 
misconception is that taking multiple measurements 
at a single site is equivalent to replicating. This 
technique actually does nothing to reduce the 
influence of confounding factors. This practice has 
been termed pseudoreplication and is surprisingly 
common (Hurlbert 1984). Taking multiple measures 
at sites receiving different treatments is not, in itself, 
wrong. A problem arises only when each measure is 
used in a statistical test to compare treatments. If ten 
measures (e.g., of shorebird prey abundance) are 
taken in an artificial wetland and ten in a natural 

wetland and a statistically significant difference 
found, it should not be interpreted as a difference 
between the two treatments (artificial vs. natural 
wetland). This is because the two treatments have 
been applied only once each - there is no replication. 
The correct interpretation of the result is that there 
was a difference between the two sites, perhaps due 
to the different treatments, but perhaps also due to 
some other factor that differed between them. In 

order to test the hypothesis that the two treatments 
differed, one would need to take measures at a 
number of artificial and natural wetlands and use the 

data for each wetland as a single replicate in the 
statistical test. When multiple measures are taken at 
each site they can be incorporated in the analysis as 
subsamples of each replicate. 
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Randomization: The scenario described above, where 

increased replication leads to increased confidence, 
assumes that treatments are not applied in a biased 
way such that a confounding factor becomes 
correlated with the experimental treatments. The 
logistics of many habitat management situations are 
such that violating this assumption could be quite 
easy. Assigning treatments to experimental units 
randomly (i.e., all units have an equal chance of 
receiving each treatment) is the best way to ensure 
that such unknown biases are eliminated (Hurlbert 
1984). For example, an experiment may be designed 
to compare how effectively different vegetation- 
clearance techniques (e.g., burning, cutting, herbicide 
application), each of which uses different tools, keep 
islands suitable for nesting American Avocets 
(Recurvirostra americana). Logistically, the easiest way 
to conduct the management work would be to apply 
the first treatment to the first four islands, switch 
tools and apply the second treatment to the next four, 
switch tools again and apply the third treatment to 
the last four (Figure 1). The researcher could then go 
out to the islands at regular intervals to determine 
the rate at which plants grow back and perhaps find 
results such as those shown in Figure 1. From these 
they could conclude that burning is better than 
herbicide application, which is better than cutting. 
There may, however, also be unknown gradients in 
soil quality (e.g. nutrient supply, drainage; Figure 1) 
in the islands which influences the rate of plant 
regrowth. Thus, the researcher's conclusions would 
be wrong because the amount of regrowth on all 
islands is determined entirely by soil quality. If, 
instead of taking the logistically easy route, the 
treatments received by each island had been 
determined randomly, the chance of treatments 
coinciding with unforeseen environmental gradients 
would have been considerably reduced. 

Interspersion of treatments: One reason for 
randomizing treatment assignments is to ensure that 
different treatments are well interspersed among 
each other (Figure 2), reducing the potential for bias 
due to confounding factors. Complete 
randomization, however, allows the possibility that 

Decreasing nitrogen 

Increasingly fine soil 
m,,,'- 

Figure 1. A hypothetical wetland containing 12 islands. 
Different vegetation treatments are represented by 
shading: solid = cutting, hatched = herbicide applica- 
tion, open = burning. Tree sizes represent the rate of 
plant regrowth. Gradients in potentially confounding 
factors are shown below. See text for more details. 

there will be segregation of treatments, especially 
when the numbers of replicates is low (a likely 
feature of habitat management experiments). If this 
occurs it may be better to abandon the goal of 
complete randomization in favor of ensuring a 
reasonable level of interspersion (Hurlbert 1984). 
This could be accomplished by reselecting random 
numbers until a predetermined level of interspersion 
is achieved, by blocking, or by systematically 
assigning treatments (Cox 1958; Hurlbert 1984). 
Recognizing that randomization is used largely as a 
means by which to achieve unbiased interspersion is 
important because in many cases it may not be 
possible to randomly apply treatments to sites. In 
these situations, however, sites could be selected in 
such a way as to ensure that the treatments are 
interspersed, thus achieving the desired goal. 
Nonetheless, randomization should be used 
whenever possible. 

Figure 2. Two possible arrangements of experimental 
treatments. The one to the right has a high level of 
treatment interspersion; the one to the left has poor 
interspersion. Treatments are more likely to be 
confounded with other factors in the right arrangement. 

4. Interpret results accurately 

Most experimental studies use statistical methods to 
determine whether experimental treatments have an 
effect. Whether the conclusion made is correct or not 

depends on whether the statistical analysis is 
conducted correctly and the results interpreted 
appropriately. Two types of error are particularly 
common: misapplying tests by violating their 
assumptions (e.g., Hurlbert 1984; James & McCulloch 
1985; Kramer & Schmidhammer 1992) and 
misinterpreting non-significant results (Toft & Shea 
1983; Rotenberry & Wiens 1985; Forbes 1990). These 
have been discussed in detail elsewhere and I will 

not dwell on them here; however, I will make two 
general points. First, it is important to recognize that 
all statistical tests have assumptions (e.g., the 
independence of data points discussed above) and 
violation of these assumptions may render the 
results invalid, causing erroneous conclusions. 
Second, a non-significant result does not necessarily 
mean that there was no difference between 

experimental treatments, only that none was 
detected. Such an interpretation can only be made 
after one has determined whether the test conducted 

was capable of detecting a difference. This is done 
by calculating the statistical power of the test (Cohen 
1988). If a test does not have adequate power, it is 
impossible to state whether a difference exists or not 
(e.g., Reed & Oring 1993), although one still may be 
able to make inferences about the biological 
significance of the data (e.g., Alberico 1995). 
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Theory vs. practice 

A major factor hindering the increased use of 
experiments in management situations is the 
widespread perception that conducting rigorous 
experiments at large scales is simply not practical. 
Perhaps the best demonstration that this is not true is 
the recent increase in the number of studies that have 

addressed major management questions through the 
use of rigorous experiments. These studies have 
been conducted at three spatial scales: microcosms, 
small plots that subdivide management units 
(mesocosms), and entire management units. 
Experiments conducted at these three scales 
obviously differ in the ease with which they can be 
accomplished and the extent to which their results 
can be extrapolated to real management situations 
(Cooper & Barmuta 1993). The results of microcosm 
experiments, for example, should be viewed with 
more caution than those obtained from experiments 
that manipulated real management units. In the 
remainder of this section I briefly describe each type 
of experiment and give examples of their use in 
addressing management questions. 

Microcosms 

Microcosm experiments invoIve creating small, 
simplified versions of the system of interest in order 
to compare the various habitat manipulations 
experimentally. By using simple model systems, the 
experimenter is better able to investigate the effects 
of single variables. Microcosms are, therefore, well- 
suited to the rigorous type (5) approach (Table 1), but 
may lack some realism. An example of this approach 
is a study conducted at Mono Lake, in the western 
Great Basin, which compared larval survivorship 
and adult emergence of alkali flies (Ephydra hians) at 
five different salinities (Herbst 1992). This 
experiment showed that both survivorship and 
emergence decline as salinity increases above 50 g/l, 
and that there was virtually no adult emergence once 
salinities reached 160 g/1. These results have 
considerable importance to managers because alkali 
flies are the only food available with a net positive 
energy balance for certain migrant shorebirds at 
Mono Lake (Rubega & Inouye 1994), and because 
salinities there have increased over recent years from 
below 50 g/1 to more than 80 g/1 (Patten et al. 1987). 

Small plots (mesocosms) 

Recognizing the need to make management 
experiments as realistic as possible while keeping 
them logistically feasible, various studies have used 
experimental plots that, like microcosms, are 
considerably smaller than real management units. 
These small plots are generally subdivisions of an 
area which would normally be considered a single 
management unit and, in contrast to microcosms, 
retain much of the complexity of real management 
units. Different experimental manipulations are then 
applied to the subdivisions. As with microcosms, it 

is usually possible to use approach (5) (Table 1) when 
using small plots. Examples of this type of 
experiment are given by Vickery et al. (1994), who 
studied whether certain management methods led to 
increased use of pastures set aside to attract Brent 
Geese (Branta bernicula) away from arable fields. 
This study involved three experiments using 0.25- 
0.75 ha plots that had received either different 
grazing, cutting, or fertilization regimes. The results 
showed no significant differences in goose grazing 
intensity between the grazing or cutting treatments, 
but more Brent Geese used plots that were fertilized 
with nitrogen than plots which were not. These 
results indicate that to attract Brent Geese managers 
may use whichever method of maintaining a short 
turf is most convenient and that they should 
consider fertilizing their pastures. 

Entire management units 

Ideally, one would design experiments that use entire 
management units as experimental plots. Logistics, 
however, often prevent this. One exception is the 
Marsh Ecology Research Project, conducted at the 
Delta marshes in southern Manitoba, which used ten 

identical wetland units to investigate the effects of 
water level manipulations on the productivity of 
northern prairie marshes (Murkin et al. 1985). 
Among the many factors considered in this study 
was the relationship between waterfowl and 
macroinvertebrate densities. In units where water 

depths were maintained at the level of the 
surrounding marsh, spring waterfowl abundance 
was significantly related to macroinvertebrate 
density. In contrast, in units managed for deeper 
water there was no relationship. Behavioral 
observations suggested that this difference arose 
because ducks did not use the deeper units for 
foraging, possibly because macroinvertebrates were 
less accessible (Murkin & Kadlec 1986). These 
results suggest that aquatic invertebrate production 
is an important factor influencing habitat selection by 
breeding waterfowl, and that deep water 
management of prairie marshes reduces their 
suitability for these birds. 

When it is not possible to employ complete 
experimental control in the design of a management 
study the restricted approach 4) (Table 1) can provide 
a good compromise. For example, an ongoing study 
of the effects of rice-field management practices on 
birds during winter uses entire fields as experimental 
units (C. Elphick unpub. data). In this study, I had 
no control over which experimental treatment was 
applied to each field. The large number of available 
fields, however, enabled study fields to be chosen in 
such a way as to ensure that treatments were 
replicated, interspersed among one another, and 
spread across the study area. Thus, the chance that 
treatments would be confounded with some other 

factor was reduced. In addition, a second 
experiment using small plots within fields provides a 
more rigorous test of various hypotheses. 
Combining approaches in this way is a powerful way 
of increasing confidence in results. 
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Shorebird management experiments 
that need doing 

In the final section of this paper I list several areas of 
research where rigorous experiments would enhance 
our ability to manage shorebirds in the western Great 
Basin and elsewhere. Many of these management 
ideas were discussed by Helmers (1992), who 
summarized a range of options for enhancing 
habitats for shorebirds. The efficacy of most of these 
options, however, has yet to be rigorously tested. 

1. Island design 

Building islands in managed wetlands to provide 
birds with relatively predator-free nesting sites has 
become commonplace (Swift 1982). Helmers (1992) 
identifies a range of factors that are likely to 
influence the value of nesting islands: location within 
a wetland (proximity to shore, other islands and 
foraging areas, etc.), timing of development, island 
configuration (size, shape, elevation, etc.), steepness 
of banks, and the material of which the island is 
made. All of these factors could be manipulated in 
an experimental manner during construction or 
modification of wetland sites. 

2. Predator control 

A major problem facing the management of 
shorebirds, and other ground-nesting species, is the 
incidence of nest predation (Nol & Brooks 1982; 
Paton et al. this volume). Various metl'tods of 
reducing predation have been suggested, though not 
necessarily for shorebirds: single-ne•t predator 
exclosures (e.g., Nol & Brooks 1982; Melvin et al. 
1992), fences (e.g., Mayer & Ryan 1991), aversive 
conditioning (e.g., Nicolaus et al. 1983; Conover 1989, 
1990), culling predators (e.g., Greenwood et al. 1990), 
removing potential predator perches (e.g., 
Greenwood et al. 1990), etc. The effectiveness of 
some of these methods has been evaluated through 
the use of well-designed experiments (e.g., Nol & 
Brooks 1982; Conover 1990), though less rigorous 
approaches are more typical (e.g., Deblinger et al. 
1992; Vaske et al. 1994). The value of several methods 
has yet to be tested. For those techniques where 
experiments have been done, further research 
widening the range of species (both predator and 
prey), varying the design of exclosures and fences, 
and combining different approaches will greatly 
enhance our ability to manage efficiently. 

3. Substrate/vegetation manipulation 

Strong associations exist between the foraging and 
nesting sites used by shorebirds and both substrate 
and vegetation characteristics (e.g., Baker 1979; 
Quammen 1982; Colwell & Oring 1990; Hands et al. 
1991). Different methods of vegetation control also 
are known to have different influences on 

invertebrate production in wetlands (e.g., Kaminski 
& Prince 1981; Ball & Nudds 1989). Experiments that 
manipulate substra}e and vegetation will provide 
useful information on how habitats can be managed 
to enhance their value for shorebirds. Two lines of 

research would be especially useful: tests of the 

influence of certain characteristics (e.g., substrate 
type; vegetation height and density; heterogeneity; 
native vs. introduced plants), and tests comparing 
different methods for achieving desired features. 
These methods include grazing (discussed next), 
water level manipulation (e.g., Murkin et al. 1985; 
Reid et al. this volume), burning (e.g., Ball & Nudds 
1989), cutting (e.g., Murkin & Ward 1980), and 
herbicide use (e.g., Evans 1986). 

4. Grazing 

Grazing potentially influences shorebirds in both 
positive (e.g., maintaining relatively short vegetation 
for foraging birds) and negative (e.g., trampling of 
nests) ways (Powers & Glimp this volume). Effects 
may differ substantially between species and season. 
Type of grazer, timing of grazing, and grazing 
intensity are all factors that can be manipulated 
experimentally (e.g., Vickery et al. 1994; Powers & 
Glimp this volume). There is great opportunity for 
managers to investigate the use of grazing as a 
management tool, rather than a management 
problem. 

5. Water depth manipulation 

Manipulating water depth, especially through the 
use of drawdowns, has received considerable 
attention in discussions of shorebird habitat 

management (e.g., Helmers 1992). Several studies 
have shown correlations between water depth and 
invertebrate biomass and/or shorebird densities (e.g., 
Hands et al. 1991; Velasquez 1992; Rehfisch 1994). 
Others have suggested that shorebirds select water 
depths according to leg and bill lengths (Baker 1979). 
Water depth is therefore expected to influence both 
shorebird food production and accessibility. In 
addition, the depth of water around islands used for 
nesting and roosting may be important in deterring 
predators. Many factors (e.g., mean and variance in 
depth; timing and rate of drawdown; interactions of 
water depth characteristics with vegetation 
manipulation), therefore, may influence avian use 
and could be tested experimentally. 

6. Disturbance 

Human activities can influence the behavior of 

shorebirds (e.g., Davidson & Rothwel11993, and 
papers therein). Due to the ease with which many 
disturbances can be manipulated there is 
considerable opportunity for conducting 
experiments that investigate disturbance effects 
(Gutzwiller 1991). In a recent review, Gutzwiller 
(1991) summarizes statistical and biological factors 
that should be considered in the design of such 
studies. Many of the biological factors that he lists as 
potentially influencing such studies (e.g., 
habituation) also could be the basis for experiments. 

There are other shorebird management issues not 
addressed in this list and, undoubtedly5 many novel 
ways in which habitats or populations can be 
manipulated that have yet to be identified. It is also 
important to stress that many of the management 
methods discussed will not only influence 
shorebirds, but other species as well. Hence, it often 
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will be most informative, and cost-effective, to study 
the effects of management simultaneously on a 
variety of species. Historically, management in 
North America has been biased toward game birds 
(Peek 1986; Gradwohl & Greenberg 1989). Thus, 
most studies of wetland management methods have 
addressed effects on waterfowl alone, resulting in 
lost opportunities to gain information about other 
species. This means that studies that have already 
been done with waterfowl need to be repeated to 
assess effects on other species. If biologists studying 
shorebird management techniques can avoid 
repeating this mistake it would be of great value. 
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