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Abstract
In this paper, we build on adaptive management and common pool research to
increase our understanding on if and how communication between resource users
affects their joint ability to learn about and manage complex ecological common
resources over time. More specifically we will study the role of user communication
in relation to learning through continual experimentation, when managing a
complex resource system involving resource interdependencies. For this purpose
we design a laboratory experiment where we test the effect of user communication
in a setup with two interdependent resources and where resource access is
asymmetrical. Our results indicate that communication is more multifaceted than
what previous experimental studies on commons dilemmas suggest. We show for
example that in communicating groups that can share information and therefore has
access to more data points, the likelihood of a successful resource management
increases, especially in earlier time periods. Moreover, sustained communication
and coordinated extractions seems to stimulate fine-tuning of management through
experimental learning over time. Furthermore we hypothesize that in
communicating groups, the need to gain a basic understanding of the resource
dynamics overshadows the potential tension brought by the asymmetry in resource
access, but this effect may diminish once a basic understanding of the system has
been achieved, after which more attention is drawn to sharing rules and norms.
Keywords: social-ecological systems, resource interdependencies, asymmetries laboratory
experiments, common pool resources, adaptive management, communication, learning.
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Introduction

Accomplishing effective and sustainable governance of ecosystems where a multitude of
actors have different stakes poses a tremendous challenge, both for policy makers,
resource managers, and researchers. It is increasingly recognized that the complexity of
this challenge arises from the dynamics of the ecosystems themselves (Holling 1973,
Levin 1998), from the dynamics of human interactions and activities framed by
socioeconomic structures and institutions (Ostrom 2005), as well as from the
interactions of these dynamics (Liu et al. 2007). Hence, integrated approaches for
understanding interlinked social-ecological system dynamics are needed to improve
sustainable governance (Chan et al., 1999, Ostrom and Nagendra 2006, Walker and Salt
2006, Folke et al., 2007).
Adaptive management is one early approach brought forward to partly address these
issues (Holling 1973, 1978), that emphasizes experimentation and learning do deal with
complexity. Adaptive management is based on deliberately designing management in
such ways as to increase scientific understanding. Acquired understanding is then used
to more adequately manage the ecosystems. This approach to management thus implies
that managers will adaptively and continually change management in accordance with
gained knowledge.
However, the challenges of sustainable ecosystem governance also arise from user
interaction. For example, many of these systems are used and sometimes even managed
collectively by a group. Common pool resource (CPR) research address precisely the
challenges that arises when multiple stakeholders are involved and aim at uncovering
what factors that are crucial for overcoming the rivalry between resource users and
collectively agree on joint management that can avoid unsustainable resource use, for
example overharvesting (see e.g. Ostrom et al 2002; Ostrom 1990, Bromley et al 1992;
Baland and Platteau 1996; for overviews). In this literature, communication has been
identified as one of the most influential variables for achieving cooperation (see e.g.
Pretty 2003, Sally 1995 and Ostrom 2006 for overviews). Most of these studies however,
do not explicitly take complex resource dynamics into account but instead assume
resource dynamics is static or relatively simple.
Adaptive co-management, which is a fairly recent approach to resource management that
is based on the principles of adaptive management and co-management also puts a
strong focus on the importance of collaborations between and across various actors and
stakeholders, while also drawing on the common pool literature (Plummer et al. 2013,
Crona and Bodin 2011). Hence, although the importance of communication was much
less explicitly elaborated in the early adaptive management literature, it is now of central
importance in the more recent perspective of adaptive co-management. For example, the
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formation of social networks enabling communication and learning between different
stakeholders has been identified as a key factor of success in establishing a new
governance regime that resembles many of the core principles of adaptive comanagement (Hahn et al. 2008). Also, several theoretical simulation studies have
demonstrated the positive effect of communication on collaborative experimental
learning of complex ecological resources in a multi-actor environment (Bodin and
Norberg 2005, Wilson, et al. 2007).
In parallel, common-pool resource research has increasingly been more concerned with
the challenges of managing complex ecological resources. For example, Janssen et al
(2010) introduce an experimental environment to test the effects of complex spatial and
temporal resource dynamics on user behavior. Their results stress yet again the
importance of communication to achieve cooperation, but here they also point to a
specific mechanism through with communication in managing complex resources plays
an important part. In a system with complex resource dynamics, sanctioning (users can
punish each other through a monetary device) without communication does not send a
clear message. Ecological complexity essentially blurs the message, and if not combined
with exchange of information, sanctioning looses much of its value as a mean for
enforcement. It will for example not be clear if the punishment should be associated with
the rate (overharvesting) or the location of harvest, therefore the effect of punishment in
terms of reducing non-cooperative behaviors is severely reduced.
Another common pool resource study concerned with ecosystem complexity is a study
by Lindahl et al. (2012). They show that a group will manage a resource more efficiently
when confronted with a potential abrupt change in the renewal rate of the natural
resource. Even among cooperative groups there is a significant difference in behavior
when users are confronted with such complexity, although economic theory predicts
there should be none. They argue that effectiveness of communication is endogenous to
the problem; the threat of reaching a critical tipping point, beyond which the growth rate
will drop drastically, triggers more effective communication within the group, enabling
stronger commitment for cooperation and more knowledge sharing, which together
explains the increase in efficiently in spite of the increased complexity.
In this paper, we will further integrate these perspectives, drawing from adaptive
management and common pool resources, to increase our understanding on if and how
communication between resource users affects their joint ability to learn about and
manage complex ecological resources over time. More specifically we will study the role
of user communication in relation to learning through continual experimentation, when
managing complex interdependent ecological resources over time, which to our
knowledge has not been done so explicit before.
We rely on the experimental method to collect data. For one, collecting field data on
human behavior in relation to ecosystem management is challenging and time
3

consuming. Secondly, experiments have been particularly valuable for gathering
empirical data on human behavior in common resource systems (see e.g. Kopelman et al
(2002) and Ostrom (2006) for overviews) and recently, studies have demonstrated the
advantage of using experiments for analyzing the potential impact of specific ecological
features in such systems (Cardenas et al 2013; Janssen (2010); Janssen et al 2010 and
Lindahl et al 2012)). Such experiments are generally employed to test hypotheses in a
structured manner by using randomization in one key variable (List and Price 2013). In
introducing ecological- as well as social complexity in our experimental design, the focus
of our experiments inevitably shifts from testing hypotheses to instead allow for a more
exploratory approach, with the aim to hopefully generate new hypotheses of about
crucial features and linkages in relation to learning and communication in integrated
social-ecological systems. We believe such an approach is necessary if we want to be
serious in our attempt to understand these integrated systems. By being explorative we
may for example start uncovering why people make the decisions they make and the
influence of, not only the social, but also the social-ecological context in which users
interact (Anderies et al. (2011)).
Ecosystem complexity can entail a number of factors such as spatial dynamics, potential
abrupt changes (so called threshold effects or tipping points), resource
interdependencies, and of course uncertainties. Whereas spatial dynamics and threshold
effects already have received attention in the common pool literature, we have found no
studies on resource interdependencies. In our study ecological complexity is introduced
through the two fictive ecological resources A and B that are exhibiting interlinked
dynamics. Our representation of the ecological system in the experiments is conceptually
quite simple, however the intention is to capture an essential difficulty in managing real
ecosystems; i.e. they consists of several resources that are interdependent, and if one of
them is not managed optimally, there are often negative spill-over effects on interlinked
resources. A simple stylized example of such a system is agriculture vs. forestry. Think of
agriculture and forestry as resource A and B. If all available land is used for agriculture,
agriculture itself may not be efficient in the long run (lack of beneficial ecosystem
services stemming for forest ecosystems, such as e.g. microclimate regulation). Also,
there are no forests left for forestry. Hence, this would be a very inefficient allocation of a
limited resource (land) where neither of the resources would be in a desirable state. If,
however, only a certain percentage of land is used for agriculture, there is room for
forests, which does not only allows for forestry, but also comes with beneficial effects for
agriculture in the long run. Hence, the quest of how to optimally manage agriculture and
forestry in the same landscape resembles our ecological setup from a conceptual point of
view.
Furthermore, access to different ecological resources is rarely distributed evenly among
potential beneficiaries. In our experiments we therefore introduce asymmetrical access
to the different ecological resources A and B. Janssen et al (2011) show, by using both
laboratory and field experiments, how resource asymmetries, such as when upstream
4

water users in a drainage basin possess an inbuilt advantage versus downstream users,
affect cooperation in common pool resource management. Again, communication was
here indicatively found to be beneficial for collaborative outcomes in that it helped to
refrain head-enders from excessive resource extraction, which made downstream users
more willing to invest in the common good.
To capture these aspects (resource interdependencies and asymmetry) we designed a
common pool experiment where we can explicitly test the effect of actor communication
in an experimental setup where access to resource A and B is asymmetrical, and where
the dynamics of A and B are interdependent. In particular, we explore if and to what
extent communication 1) affects abilities of resource extractors to avoid overharvesting
of asymmetrical accessed common and interlinked resources 2) enhance collaborative
learning of ecosystem dynamics, and how important this might be in relation to
individualistic learning by doing, and 3) enhance actor collaboration involving a)
agreeing of how to share the benefits stemming from common and/or interdependent
resources and b) coordinating resource extraction with the joint aim to develop
knowledge on how interconnected ecological resources depend on each other.
We argue that our findings shed new light on the interactions of communication,
collaboration and learning in the context of complex resources and interlinked socialecological dynamics. In using experiments in an abductive rather than inductive setting,
we further generate new hypotheses that can be tested using experimental or other
approaches.

2 Method
2.1

Approach

Our study is based on controlled laboratory experiments where human subjects are
confronted with virtual management situations, and are presented with different
objectives and incentives. Experiments are randomized evaluations that can measure the
impact of a specific variable by randomly allocating individuals to treatment groups.
Relative to traditional empirical economics, experiments provide an advantage by
creating exogenous variation in the variables of interest, allowing the researcher to
establish causality rather than mere correlation (List 2006).
There are several types of experiments.1 A conventional laboratory experiment is often
performed in a classroom with a standard pool of subjects (often university students),
that are isolated and not allowed to communicate with each other, unless of course
communication is the treatment. The description of the problem is typically neutral and
context free. However, in some cases the actual context may matter. For example if the
1

See Harrison and List (2004) for a classification of experiments.
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experimental procedure and the problem are complex, a certain amount of context may
simplify the understanding. The experiment reported here is a standard laboratory
experiment. Motivated by the complex problem, we have used a non-neutral
experimental design.
For the purpose of this study, we wanted to develop a management situation suitable for
laboratory experiments fulfilling three broad criteria: (1) respondents are reliant upon
experimentation to develop understanding of non-trivial ecological dynamics (2)
different ecological resources are interdependent, thus extraction of one resource effects
the potential harvests that can be extracted from the other resources, and (3) where
access to the different but interdependent resources is asymmetric meaning that actors
are situated in more or less favorable positions in relations to others. Furthermore, for
such management situation we wanted to be able to explicitly test the treatment of
allowing actors to communicate or not.
A configurationally perspective, i.e. a perspective where an interdependent socialecological systems (SES) is described in terms of parts and relations, (see Bodin & Tengö
2012), was applied when we designed our experiments. In other words, we selected
specific patterns of mutual actors- and ecological resources interdependencies (SES
configurations) that materialized into different virtual management situations
resembling our three criteria. The simplest SES configuration that still fulfills all our
criteria is presented in Figure 1 and involved two actors and two ecological resources.
The top nodes represent two different pairs of subjects, and the bottom nodes represent
two interdependent ecological resources. Hence, an actor is defined as a pair of subjects
where each pair functioned as one decisive unit; taking all decisions together and
sharing all profit equally. Resource A is shared between the two pairs, whereas resource
B is only accessible for one of the pairs. Our treatment communication was accomplished
by allowing the two pairs to communicate with each other, i.e. to add a social link
between the two top nodes in Fig. 1. Communication within the pairs was always
allowed.
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Pair 1

Pair 2

Resource A

Resource B

Figure. 1 Basic configuration of the designed social-ecological system.

2.2

The experiment

Our subjects were enrolled students at the Stockholm University. In total, there were 72
students forming 18 groups of 4 subjects each (a group thus represents one instance of
the SES configuration in Fig. 1). The average age was about 29 years; about 56 percent of
the subjects were female. The experiment was carried out at Stockholm University
campus. Upon arrival, the subjects were given instructions to read2, after which there
was time for clarifying questions. After the actual experiment the subjects were asked to
fill in a shorter questionnaire, and then received their individual payment. The whole
session lasted about 60 minutes. None of the subjects participated in more than one
session and none had experience of similar type of experiments.
Each subject was randomly assigned to a pair and a group. The actors in the experiment
use the resources A and B for extraction, and at the end of the experiment they were
rewarded in relation to how much they were able to extract in total. Using pairs as the
extracting unit enabled internal discussions to create better potential for experimental
learning and reduced some of the expected variations among the actors, i.e. the decisive
units, due to differences in personality, educational background, etc. among the subjects.
They were further informed that size of their harvest depended on the total amount of
invested time in harvesting. For both resources there was an optimal time to spend on
harvesting which would generate a maximum harvest of 50 resource units. This optimal
time was unknown to the subjects, but is was made clear that the acquired harvests
The instructions were in Swedish, but a translation of the instructions can be found upon request from
the authorsin the appendix.
2
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would not monotonically increase as the invested time increased. Thus we resembled the
basic principle of Maximum Sustainable Yield, i.e. assuming that if the resource is
overharvested, the resource stock will be depleted implying that there will be less to
harvest in the future. To ensure uncertainty we let this optimal time vary, not only
between resource A and B, but also between groups. Note that the total invested time for
resource A is the sum of both actors’ invested time, and that the harvest from A is split
between the pairs in relation to how much they invested in the resource. For example, if
actor one invested 5 hours, and actor two 10 hours, actor two were given twice the
amount of harvest in relation to actor one.
An illustration of an approximate correlation between invested time and harvest was
presented to the subjects (see Figure 2 below). The figure also illustrates that the two
resources are interdependent. The maximum harvest of 50 units can only be obtained if
resource B is harvested optimally and vice versa. If resource B is not harvested
optimally, the harvest of resource A is described by a lower curve. The details of the
resource dynamics of A and B are further described in Appendix A.

Resource B

Resource A
harvest

50

25 h

Max harvets

Optimal time

25 h

harvest

50

Invested time
on harvest

Max harvest

Optimal time
Invested time
on harvest

Figure 2 Resource dynamics and interdependence
The maximum time each pair could invest, for each resource, was 25 hours. Whereas one
of the pairs in the group decided how much time to invest in harvesting resource A, the
other pair decided how much time to invest in harvesting resource A and B. After the
decisions had been made, the pairs were informed about their acquired harvests. They
only got to know their own harvest; hence they were not informed about the other pair’s
harvest or their invested time. This procedure was repeated for 8-10 times, although the
subjects were not informed about the duration of the experiment in advance. We let
resource availability be constant over time. Thus, in each period groups faced the same
resource conditions as in the previous period. This experimental setup thus enabled
subjects to change their invested time, and based on their acquired harvests, learn more
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about the dynamics of the ecological system consisting of resource A and B, and based on
that improve their performance over time. This resembles the process of experimental
learning, or learning-by-doing. By measuring how harvest levels would change over time,
we were able to test the performance of the learning process. Since acquiring good
harvests is not only a matter of developing knowledge about the resource dynamics, but
also depends on how actors choose to allocate their investments for the different
resources, measuring harvest levels over time also reflects how well the actors perform
when confronted with the challenges of managing common and interdependent
resources.
To test the effect of communication between actors, we let the pairs in half of the groups
communicate with each other. In the groups were communication was allowed, the two
pairs in each group were allowed to communicate freely with each other between
decisions. However, the actual decisions were kept private. In the groups that were not
allowed to communicate, the pairs were kept anonymous from each other throughout
the entire experiment.
After the experiment, the subjects were rewarded based on their performance. The
performance was defined as their total accumulated harvests. The amount of money
received was relative to the best performing pair occupying the same configurationally
position in that specific experiment. Thus, the rewards were, on average, the same no
matter which configurationally position or treatment group the subject was assigned to.
The subjects also filled in a questionnaire specifically designed to identify and analyze
individual and group attributes. For example we asked the subjects to state their age,
gender and educational background. We also asked to indicate on a five-level Likert scale
(Likert 1932), ranging from strong disagreement (scale value 1) to strong agreement
(scale value 5) if their pair managed to cooperate, how able they were to reach the
optimal level of effort. We treated the responses as interval variables, i.e. assuming that
the differences in agreement between the different Likert levels could be treated as
numerically the same. Hence, we could estimate average responses for different sets of
subjects as the mean value of their responses. In the following we will refer to these
variables, which display mean values, as cooperation index and ability index. We also
asked the subjects to estimate the optimal level of effort (time to harvest in hrs, see Fig.
2).

2.3

Data analysis

For the statistical analysis we have used STATA 12 (Statacorp: www.stata.com). Because
experiments often lead to skewed distributions (which is also the case here3), we report
significance levels from non-parametric Mann-Whitney U tests along with standard
independent t-tests. All reported p-values are two sided. In the regression we let *
denote significance at the 10 percent level, ** at the 5 percent level and *** at the 1
3

According to a Shapiro Wilk test we can reject the normality assumption at a 5 % level for all continuous
variables of Table 1
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percent level. Because we can reject normality we have bootstrapped the standard
errors for all our regressions (Concalves and White 2005).4 Because we have repeated
observations for each group we have a potential problem. The observations in our data
are not independent. If we pool all the data and run a standard OLS we will get biased
estimates. But we also have a potential advantage because we can use repetition to get better
estimates. By using a random effect (RE) panel data model we can account for the repetition
and at the same time control for group specific differences. We have used a generalized least
square (GLS) RE model because the variance in harvests was early on found to be
negatively correlated with time.

3

Results

Based on the results from the experiments, we analyzed how efficient the subjects were
in harvesting the resources as related to the resource optimum (that was unknown to
the participants), and how the efficiency developed over time (i.e. the series of
harvesting rounds). Efficiency is measured as the share of actual earnings over maximum
possible. Descriptive statistics can be found in Table 1. The average obtained harvest
efficiency was about 60 percent for both resources A and B, across the treatment of
communication and over time. On the Likert scale, the average cooperation index was
4.5, and the average reported ability to reach the optimal effort was 3.45. At the last
period subjects were asked to estimate what the optimal harvest effort (in hours) was
from their experience. On average subjects gave more accurate estimates for resource A
which was shared between the pairs (compare a deviation from optimum of 1.75 with
2.55). In the last period, they still harvested more on average (chose a higher investment
in harvesting time) than their corresponding estimations of optimum. This was true for
both resources but significantly more pronounced for the shared resource A (compare
3.48 with 0.575).

4

Bootstrapping is the practice of estimating properties of an estimator by sampling from an
approximating distribution. One standard choice, also our choice, for an approximating distribution is the
empirical distribution of the observed data.
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Table 1: Descriptive statistics
Efficiency A
Efficiency B
Age
Female
Cooperation index (1;5)
Ability index (1;5)
Dev. in estimation of
opt. t, A
Dev. in estimation of
opt. t, B
Dev. in behavior from
estimation of opt t, A (at
the last period)
Dev. in behavior from
estimation of opt. t, B (at
the last period)

Mean
0,614
0,618
28,53
0,560
4,502
3,446
1,752

Std. Dev.
0,346
0,306
6,237
0,322
0,602
0,762
1,393

Min
0
0
22
0
3,25
1,75
0

Max
0,996
0,996
46,5
1
5
5
5

# Obs
384
384
72
72
72
72
72

2,548

1,902

0

7

72

3,482

3,994

-0,5

16

72

0,576

2,138

-4

7

72

Figure 3: Over- and under- exploitation in effort (hrs)

Figure 3 illustrate over- and under- exploitation in harvesting efforts (hours) for each
group during the entire time span for both communicating and non-communicating
treatment groups. We define over-exploitation (tragedies) when the collective
exploitation is above what is optimal (and vice versa for under-exploitation). The
tragedy of the commons (Hardin, 1968) is clearly present, as over-exploitation is more
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present in the shared resource A than in the private resource B. This is true for both
treatments, although more pronounced in the non-communication treatment.
Table 2: Comparing averages

Efficiency A
Efficiency B
Perceived group
ability
Dev. in estimation
of opt. t, A
Dev. in estimation
of opt. t, B
Dev. in behavior
from estimation A
(last period)
Dev. in behavior
from estimation B
(last period)

Communication
(st.dev)

No communication
(st. dev)

0,676
(0,034)
0,647
(0,032)
3,676
(0,072)
0,999
(0,075)
2,186
(0,157)
1,397
(0,177)

0,552
(0,036)
0,585
(0,031)
3,229
(0,076)
2,467
(0,150)
2,892
(0,216)
5,462
(0,453)

0,299
(0,035)

0,839
(0,297)

p-value
(two-sided
t-test
0,013

Mann-W.
0,003

0,163

0,092

0,000

0,001

0,000

0,000

0,010

0,042

0,000

0,000

0,080

0,270

In Table 2 we compare means of survey responses, deviation from optimal investments,
and proportions of optimum harvest levels of the communication treatment and the nocommunication treatment. Table 2 reveals that there are indeed some significant
differences induced by the treatment. Groups that communicate achieve on average a
higher efficiency than no-communicating groups, they also think they are more able to
achieve an optimal level of harvest and they also make better estimations of the optimal
level of effort. Based on the results so far we conclude the following:
Result 1: There is a tragedy (over-exploitation) of the commons present as the average
harvest efforts in resource A are higher than the optimum. This is more pronounced in
earlier periods, which indicates learning over time, and in the non-communication
treatment. Thus, communication increases efficiency, i.e. communication is associated
with a higher ability to reach optimal effort.
To capture learning and experimentation we now analyze behavior and outcomes over
time. Table 3 reports the result from two linear regressions with harvest efficiency as
dependent variable. When looking at Table 3 we can see that communication is not
significant. In fact the only significant variable is period, i.e. the number of cycles the
subjects had to decide on investment and acquire harvests. Furthermore, Figure 3 also
shows, qualitatively, that subjects quickly learned how to improve harvest levels, but
also that the rapid improvement of efficiency slowed down, or stopped, after a certain
number of periods.
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Table 3: RE Linear regressions (GLS) with efficiency as dependent variable, standard
errors are bootstrapped (1000 reps)

Communication
Ability
Period
Constant
Sigma_u
LR test sigma_u
Model test
(Wald)
# observations

Efficiency A
Coefficient
(Bootstr. St. err.)
0.058
(0.065)
0.032
(0.048)
0.060***
(0.009)
0.119
(0.137)
0.076**
(0.035)
3.88**
72.78***
160

P-value
0.367
0.506
0.000
0.385
0.031
0.024
0.000

Efficiency B
Coefficient
(Bootstr. St. err.)
0.002
(0.072)
0.037
(0.050)
0.055***
(0.008)
0.162
(0.158)
0.111**
(0.023)
22.10***
57.94***

p-value
0.982
0.459
0.000
0.305
0.074
0.000
0.000

160

Result 2: Experimentation learning over time is more important than communication to
build knowledge of a complex resource, at least in the beginning when resource
dynamics is largely unknown.
We now proceed to analyze the potential interacting effect of communication and
experimental learning. For this purpose we have looked into the pattern across periods
for the two treatments and for both resources, to see if we find some significant
differences in the trends of harvest efficiency improvements. We first look at deviation in
effort chosen from the optimal level of effort. Averages for both resources and both
treatments are plotted in Figure 4.
We are looking for a break point where deviation from optimum changes significantly.
This would for example be manifested as a point where the slope changes significantly
and/or there seems to be a shift in the curve. In the Figure we can see that such
breakpoints are more likely to exist for resource A for the two treatments (for resource B
the dynamics are smoother). Based on these two graphs we have identified a list of
potential break points for both resource A and B and for both treatments. One can for
example imagine such break points at period 5 for the no communicating groups and for
resource A (Fig. 4B).
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Figure 4: Average deviation from optimal effort (hrs)
To statistically analyze these potential break points we have used so-called spline
regression, which essentially is a piecewise regression analysis. The procedure involves
testing for significant breakpoints in the data where there is a discrete “jump” in the
estimated regression line and/or a significant change in the slope.
For each treatment and resource we have estimated spline regressions for several
potential breakpoints. Table 4 represents the best estimations (based on model test).
In Table 4, the variable “Phase 1” shows the slope for the regression line up to the
identified breakpoint, “Phase 2” shows the slope of the fitted line after the breakpoint.
The constant is the intercept at the first period, and “Intercept 2” reveals if there is a
significant shift in the regression line at the break point.
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Table 4:RE spline regressionsGLS
( ) with deviation from optimal time (hrs) as dependent variable,
standard errors are bootstrapped (1000 reps)

Constant
Intercept 2
Phase 1
Phase 2
Rho
Test of equal
slopes
Model test
(Wald)
# obs.

Communication
Resource A
(break point 7)
Coeff.
p-value
(bootstr.
St.err.)
13.517*** 0.000
(3.890)
-1.879
0.193
(1.444)
-1.359**
0.034
(0.641)
0.375
0.454
(0.500)
0.197
1.734*
0.097
(1.045)
16.86***
0.000

Resource B
(break point 9)
Coeff.
p-value
(Bootstr.
St.err.)
7.300*** 0.000
(1.587)
0.581
0.116
(0.369)
-0.413
0.374
(0.464)
-0.438
0.620
(0.882)
0.339
-0.025
0.985
(1.341
81.99*** 0.000

No communication
Resource A
(break point 5)
Coeff.
p-value
(bootstr.
St.err.)
18.755*** 0.000
(2.554)
-0.772
0.690
(1.933)
-3.019***
0.000
(0.671)
0.210
0.172
(0.154)
0.184
3.228***
0.000
(0.703)
57.54***
0.000

Resource B
(Break point 4)
Coeff.
p-value
(bootstr.
St.err.)
8.025***
0.000
(1.745)
0.761
0.108
(0.479)
-1.104**
0.001
(0.430)
0.985**
0.034
(0.464)
0.476
2.098**
0.014
(0.850)
8.98**
0.030

64

64

80

80

Table 4 reveals that there is no significant jump in any of the four models. This
corresponds well with the shape of the curves in Fig. 4, i.e. the curves are continual.
Nevertheless, there is a significant difference when we compare the slopes before
and after the breakpoint for non-communicating groups and especially for the
shared resource A. The slope is negative before the breakpoint and positive (or
non-negative) after the breakpoint. This result is also evident when we look at
Figure 5. For communicating groups the break points identified are 7 and 9
respectively. That we could not get a significance model (based on the Wald test)
for “earlier” break points could suggest that there are no clear breakpoints for
these groups.
Result 3: When groups can communicate there is a continuing trend of improved
resource management over time. When groups cannot communicate the trend of
increased performance stops at some specific break point, after which there is no
increase in management efficiency (measured as deviation from optimal harvest).
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Figure 5: Illustrations of spline regressions

4

Discussion

4.1 Results 1
Common pool resources, i.e. shared resources are typically associated with overexploitation unless the group can collectively agree on a common management practices
(Ostrom, 1990). This is more likely for a group that has the ability to communicate,
because communication is required to devise common rules, and can strengthen group
identity and increase the trust level in the group (both crucial elements for achieving
cooperation). In line with theoretical expectations, our results demonstrate that lack of
communication lead to more over-exploitation of the shared resource (A), and that the
exclusive resource (B) is essentially no more over-exploited than it is underexploited.
The exclusive resource B is however more effectively managed when communication is
possible. The results however also show that overexploitation is still present when
communication is possible. Even though communication is possible, the pairs in the
group do not know each other, and trust might still be an issue. In such dilemma, it might
be tempting to play safe and always make sure to harvest a little more than what you
might think is the optimal, just to make sure that your share of the common harvest does
not get too low. This assumption is strengthened by the fact that subjects seem to be
aware of that they are over-harvesting (Table 1), and that their perceptions of the
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magnitude of overharvesting is significantly higher when there is no communication, but
still do not reduce their harvest efforts.

4.2 Results 2
We find that in a context of social-ecological complexity, experimentation and learning
seemingly play a far more important role in building up knowledge of a resource
experience unknown dynamics (i.e. adaptive management) than the ability for different
resource users to communicate. The advantage experimentation has over
communication however seems to be most prevalent in the beginning of the experiment,
when the knowledge of the resource dynamics is very limited. When some basic
understanding has been achieved through individual experimental learning,
communication can further the adaptive management. A possible implication of this is
that the relative benefits of experimental learning and communication depends on how
fast it is possible to get some basic understanding of the managed system. It, for example,
the rate of change of the underlying ecological system is relatively high, the acquired
basic understanding might quickly become obsolete, and the learning process essentially
has to start over. In such a setting, the presuming positive effect of communication will
likely never come into play, and instead all focus should be set on experimental learning.
If, on the other hand, resource dynamics is complex, but fairly stable in that the dynamics
itself will not change, relying solely on individual experimental learning might be less
efficient.

4.3 Results 3
Even though our results are in favor of the overall importance of allowing for
experimentation over time over the ability to communicate, our findings also indicate
that communication may create conditions that enhance experimentation and learning.
In other words, there seems to be an interactive effect of communication and learning.
Groups that have the ability to communicate also tend to continue with their
experimentation instead of stopping at some point when harvests might have been seen
as “good enough” (Table 3, Fig. 4). To elaborate this further: subjects do acknowledge, at
the end of the experiment, that they are not harvesting at the optimal level (Table 2),
however they might have perceived the obstacles and/or the risk of further
experimentation as too high for continued experimentation. Since the two resources (A
& B) are interdependent but managed separately, effective experimentation requires
some form of cooperation; otherwise subjects will not be able to say whether a change in
harvest was the cause of their own or some others’ activities. Hence, when the first
uncertainties are sorted out in the first 4-5 rounds of experiments, refined
understanding through experiments require coordinated extractions, which of course
benefits strongly from communication. Without communication, coordination therefore
becomes a major obstacle. Or put differently: Communication makes it possible to reduce
obstacles for collaboration and allow for refined experiments through coordinated
extractions of interdependent resources.
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In addition, since resource A is shared, the subjects are constantly confronted with the
possibility that they could end up as the looser in the commons dilemma (i.e. the other
actor might end up grabbing most of the harvest from the shared resource A). It seems
plausible to assume that the presence of such risk further reduces the willingness to
experiment and test different harvest strategies. If a pair starts to experiment, the other
pair will immediately experience a change is their own harvest level. That pair will have
a hard time to distinguish whether if the change is the result from an experiment with
the desirable intension to enhance understanding of resource dynamics from an attempt
to grab a larger share of the common harvest from resource A. To avoid becoming the
looser in a commons dilemma, in such case it might seem like a better option for that
pair to respond as if the other pair is aiming for the latter, and then subsequently
respond with increased harvest effort. This potential reaction is not necessarily
particularly hard to foresee for any of the pairs, but it could make further
experimentation being perceived as too risky since it might trigger competitive
behaviors of the other pair that can easily lead to severe overharvesting. We, however,
see no strong sign of such behavior in the results (although resource A tends to be
overexploited, the level of overharvesting is not so large, and it remains fairly constant
throughout the second half of the experiment, see Fig. 3). This does not however rule out
that the perceived risk of experimentation restrain the subjects from further
experimentation. In any way, with the current design of the experiment and the data we
have at our disposal, we cannot distinguish whether if it the lack of coordination and/or
a perceived risk of unintentionally initiating a race to the bottom that restrain subjects
from further experimentation. Naturally, there could also be other explanatory factors.

4.4 Summary and Outlook
In this paper, we have built on adaptive management and common pool research
to further increase our understanding on if and how communication between
resource users affects their joint ability to learn about and manage complex
ecological resources over time. Our main finding is that communication is more
multifaceted than what previous experimental studies suggest. We do confirm that
communication can strengthen group identity and build trust among the resource
users (which is crucial for successful management), and that also applies when
resource access is asymmetrical. However, when managing a complex socialecological system where the resource dynamics entail complexities and
uncertainty, knowledge and understanding of the system is as crucial for
successful management. We show that in communicating groups that can share
information and therefore has access to more data points, the likelihood of a
successful resource management increases, especially in earlier time periods. Our
results also suggest that when the first uncertainties about the system are sorted
out, this positive management effect of communication is much less pronounced.
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However, sustained communication over time seems to stimulate fine-tuning of
management through experimental. In this study we use the experimental method
not only to test certain hypotheses, but also in a more exploratory hypothesisgenerating sense. We hypothesize for example that the potential effect of
communication on groups’ willingness and ability to understand the system
through experimental learning could have significant implications for the longterm capacity to adaptively manage dynamic and interdependent resources. We
also hypothesize that the need to gain a basic understanding of the resource
dynamics overshadows the asymmetry in resource access and potential conflicts
that may arise from these, but that this effect may diminish once a basic
understanding has been achieved, after which more attention is drawn to sharing
rules and norms.
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APPENDIX A - Ecological model
The model assumes that harvest from either resource can be described by the maximum
sustainable yield equations (see e.g. Harvesting Natural Populations in a Randomly
Fluctuating Environment, J. R. Beddington; Robert M. May, Science 197(4302):463-465)
EQ. 1:
SY = E*K*(1-E/R)
(SY = Sustainable yield, E=Effort, K=Carrying Capacity, R=Growth rate).
Max sustainable yield (MSY) is when E=R/2 and thus equals R*K/4
In our model, R is set to 20, which gives best E=R/2 = 10. Furthermore, K is set to 10,
which then give that MSY = R*K/4 = 20*10/4 = 50. However, if the other resource is not
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optimally managed, i.e. E is not equal to R/2 for that resource, the carrying capacity K of
resource in question is reduced. K is reduced from its max (10) depending on how far
away from R/2 the chosen E is for the other resource. The reduction of K follows a
Gaussian curve (EQ. 2) with its mean at E=R/2 and with a standard deviation of 10. At
E=R/2 the Gaussian curve would with this standard deviation be 0.0399, but since we
want K at the optimal to be 10, we need to multiply the gauss curve with a normalizing
constant so that at E=R/2, the product of the Gaussian curve and the constant would
equal maximum K, i.e. 10.
EQ 2:
Gaussian curve = exp(-(Et -mean)^2/2/STD^2)/ Sqr(2 * PI * theSTD ^ 2)
(Et = an instance of chosen E at time t, mean = R/2, STD (standard deviation) = 10)
Since we want to have different optimal levels of E for different pairs, we added an offset
(-10 to 10) to the chosen Et. In that way the optimal value E varied from pair to pair,
although the underlying equations were the same. We did not account for the cut-off
effect of the Gaussian curve if the optimal E (taking the offset into account) was close to
the end points of the allowed range of E (0-20). However, that potential effect was
negligible unless the chose E was very far away from the optimal value (which was
generally not the case).
For resource A (the shared resource), user 1 and 2’s efforts are added to attain the total
E. The harvest is shared according to each user’s share of the total E.
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