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Abstract
It has been posited that participation in outdoor recreation activities increases awareness of environmental 
issues and support for environmental conservation. Studies have shown that different outdoor recrea-
tionists may have different environmental orientations. For example, because of their utility orientation 
toward land, consumptive recreationists may be less likely than non-consumptive recreationists to protect 
their land from development. Hence, using a United States household survey, this paper examines wheth-
er people participating in consumptive outdoor recreation activities differ from those who participate in 
non-consumptive recreation in their willingness to place their lands into conservation easements. Results 
indicate people who participate in land-based consumptive recreation are less likely to place their lands in 
conservation easements than people who participate in land-based non-consumptive recreation.
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introduction

It has been posited that participation in outdoor recreation activities increases aware-
ness of environmental issues, enhances pro-environmental attitudes, and increases 
likelihood of supporting environmental conservation (Tarrant and Green 1999; Theo-
dori et al. 1998). However, empirical findings concerning this issue are mixed and 
inconclusive. While the relationship between outdoor recreation participation and 
environmental attitudes or behavior has been shown to exist in regard to local environ-
mental issues, such as concern for local forests or other natural resources, evidence 
of this relationship weakens when the environmental issues are broad scale, such as 
environmental pollution (Porter and Bright 2003).

Outdoor recreationists can interact with natural settings in a variety of ways as they 
engage in recreation activities. For example, bird watchers may seek out quiet, undisturbed 
places, while off-highway riders may seek the opposite. It is thus reasonable to expect some 
differences among recreationists in terms of their interactions with and attitudes toward 
natural settings. Because of goal differences, one might expect participants in consumptive 
recreation (e.g., hunting or fishing) to differ from non-consumptive recreation participants 
(e.g., wildlife watchers or hikers) in regards to their environmental orientations (Dunlap 
and Heffernan 1975; Jackson 1986). However, research on environmental behaviors of 
outdoor recreationists has not adequately explored whether participants who choose dif-
ferent recreation activities have different interests and ways of engaging in environmental 
protective activities. An example of such an activity is for a person to place their land into 
a conservation easement. A conservation easement is a voluntary and legal agreement be-
tween a landowner and an easement holder to protect its conservation values. Participat-
ing into an easement agreement may also give financial benefits to the landowners (e.g., 
federal tax benefits of qualified donations in the United States).

Some studies have shown that consumptive recreationists are more utility oriented 
(Dunlap and Heffernan 1975; Theodori et al. 1998), and, hence, place less emphasis 
on the public good aspect of land conservation easements. To shed more light on the 
relationship between outdoor recreation participation and environmental orientations, 
this study analyzed data from a United States household survey in which respondents 
were asked about their outdoor recreation activities and whether they own any cat-
egory of land (e.g., agricultural land, forestland, wetland, or other open space) and, if 
so, whether they have placed their lands under a conservation easement.

Examining the relationship between recreation participation and willingness to place 
land into a conservation easement is relevant for various reasons. Availability of places for 
outdoor recreation, such as public parks and open space has a significant role in helping 
people remain physically active and healthy (Physical Activity Council 2013). However, 
because of urbanization and population growth, demand for places for outdoor recrea-
tion is increasing, while the supply is relatively restricted in scope. One solution to this 
demand-supply imbalance is to increase open space through conservation easements on 
private land. In this regard, findings of this study could be useful in efforts to expand land 
area under such easements and also to help increase open space for outdoor recreation.
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Outdoor recreation participation and environmental behaviors

Participation in outdoor recreation seems to be associated with people’s pro-environ-
mental attitudes. For instance, literature provides three arguments for this association. 
First, participation in outdoor recreation increases direct experiences with the natural 
environment and can also increase participants’ attachment to areas where they recre-
ate. Increased contact and attachment may help people become more aware of the 
values of nature, of associated environmental issues, and provide them with greater 
inspiration to conserve the environment (Porter and Bright 2003; Thapa and Graefe 
2003). Direct contact may also help shape people’s environmental attitudes or behav-
iors because personal experience often leads to greater understanding and appreciation 
of natural resources (Tarrant and Green 1999). Second, outdoor recreation participa-
tion can offer learning opportunities that are likely to influence recreationists’ envi-
ronmental attitudes or behaviors (Thapa 2000). Examples of such opportunities may 
include interpretative messages and information on kiosks in areas where people recre-
ate. This information can help recreationists become more familiar with local environ-
mental issues. Finally, outdoor recreation participation can be thought of as a pathway 
to and a marker of sub-cultural membership. For instance, outdoor recreationists can 
be recruited for involvement with conservation organizations through membership 
and other forms of support (Teisl and O’Brien 2003).

It has been argued that choice of and participation in different recreation activities 
are influenced by individuals’ environmental values or attitudes (Bjerke et al. 2006; 
Jackson 1986). People participating in different types of outdoor recreation may have 
different value orientations toward or concerning environmental conservation (Peter-
son et al. 2008; Theodori et al. 1998). One distinction between types of outdoor 
recreation is consumptive versus non-consumptive activities. Consumptive activities 
typically involve a mode of participation in which participants physically take some-
thing directly from the recreation setting. Consumptive activities are often seen as 
having a ‘utilitarian’ orientation. In contrast, non-consumptive activities are those in 
which enjoyment of the natural environment is often accomplished without removing 
anything (Dunlap and Heffernan 1975). However, depending on which consumptive 
or non-consumptive activities are being considered, both types of activities can alter by 
varying degrees the natural condition of the setting.

According to Vaske et al. (1982), there are two important goal oriented differences 
between participation in consumptive versus non-consumptive activities. First, con-
sumptive activities are dominated by one clear, specific, and observable goal, which 
is, acquisition or harvesting of the natural product of interest. For instance, hunters 
seek to harvest game, and fishers want to catch fish. In contrast, the goals of non-con-
sumptive recreationists are more general and less well-defined. Second, consumptive 
recreationists may have less control in achieving the defining goal of their activities 
than do non-consumptive recreationists. Backpackers or campers, for instance, may be 
motivated to experience nature, test their skills, experience solitude, and/or to be with 
friends. While these goals can be achieved throughout the entire experience, they do 
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not depend on acquiring a specific product, and are more easily substituted, if one goal 
is not satisfied. Some research has asserted that because consumptive recreationists ex-
tract resources from the environment, they have different environmental orientations 
than non-consumptive recreationists. This assertion has been examined and re-exam-
ined over decades, with mixed and inconclusive results.

Dunlap and Heffernan (1975) tested three hypotheses regarding outdoor recrea-
tion participation and environmental concern, which were: involvement in outdoor 
recreation is positively associated with environmental concern; involvement in non-
consumptive outdoor recreation is more strongly associated with environmental con-
cern than involvement in consumptive outdoor recreation; and the association between 
outdoor recreation involvement and protecting those aspects of the environment nec-
essary for pursuing such activities is stronger than the association between outdoor 
recreation and other environmental issues, such as air and water pollution. However, 
Dunlap and Heffernan found weak support for their first hypothesis, modest support 
for their second hypothesis, and somewhat stronger support for their third hypothesis. 
In other words, the authors found non-consumptive recreationists expressed greater 
environmental concern than did consumptive recreationists. In subsequent studies, 
Pinhey and Grimes (1979) and Jackson (1986) also found support for Dunlap and 
Heffernan’s hypotheses. In contrast, Geisler et al. (1977) and Van Liere and Noe 
(1981) found weak-to-no support for these hypotheses.

Because of these goal oriented differences, we hypothesized that consumptive rec-
reationists have a different sensitivity to environmental issues, and, hence differ from 
non-consumptive recreationists in their support for and participation in conservation 
easement programs. Hence, building upon previous studies, we examined the hypoth-
esis that consumptive recreationists are less likely to place their lands under easements, 
compared to their non-consumptive counterparts.

Determinants of conservation easements and pro-environmental attitudes or behaviors

Conservation easements are an important tool employed widely across the United 
States to protect ecological, historical, or scenic resources. Through this agreement, the 
landowners accept permanent restrictions on the way their property can be used. The 
easements provide landowners with a legal mean of protecting their properties’ con-
servation values while retaining ownership, and being allowed certain complementary 
uses (Gustanski 2000). Easements may also yield financial benefits to landowners. For 
instance, the income tax benefits of qualified donations of lands or revenues from the 
sale of an easement have made the mechanism attractive for many landholders in the 
United States. The property protected may be any category of land, such as agricul-
tural land, forestland, wetland, or natural open space. The easement agreement doesn’t 
restrict landowners selling the lands or pass it onto heirs, but the property remains 
bound by the terms of the conservation easements.
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Previous studies have analyzed factors affecting individuals’ decisions to place their 
land in a conservation easement (e.g., Duke 2004, Johnston and Duke 2007; Lynch 
and Lovell 2003). These studies have found that area of landholding, distance from 
urban area, land value (opportunity costs of landholding), and agriculture returns to be 
important determinants of whether a piece of land is placed under an easement. Area 
of landholding has been shown to be positively associated with individuals’ participa-
tion in conservation easements (Johnston and Duke 2007; Lynch and Lovell 2003). 
Individuals with more acreage may also donate some part of their lands for easements 
because of diminishing marginal utility of holding additional acreage. In considering 
purchasing of conservation rights, a land trust or local government unit may be at-
tracted by a lower price per acre for large tracts (Lynch and Lovell 2003). Individuals 
with forests may also wish to participate in an easement agreement (e.g., forest ease-
ments) to protect their forestland from development.

Since undeveloped lands near a city, highway, or other developed areas have higher 
net returns from converting these lands through development, they are less likely to be 
placed under easements (Lynch and Lovell 2003). Similarly, lands with higher market 
value have greater opportunity costs to be considered before deciding whether or not 
to place them under easement (Cooper and Osborn 1998; Konyar and Osborn 1990). 
In contrast, higher returns from agricultural use increase the probability of placing 
lands under easements because the owner of a profitable farm might want to farm the 
land in the future and, thus, want to conserve it from development (Lynch and Lovell 
2003). Besides economic values, some landholders may wish to preserve their lands 
due to non-consumptive values, such as a desire to preserve the land in a natural con-
dition for one’s heirs (Rilla and Sokolow 2000). Thus, years of land tenure and having 
a family member who may be interested in taking over stewardship of the land may 
increase the probability of participating in easements (Lynch and Lovell 2003).

Research on the relationship between outdoor recreation participation and placing 
land into a conservation easement is limited. However, some studies have examined 
the relationship between recreation participation and environmental attitudes or be-
haviors. Generally, it appears that participation in outdoor recreation is associated with 
pro-environmental attitudes. Hence, knowing a person’s environmental attitudes may 
help understanding of how outdoor recreation participation may affect landowners’ 
decisions to place their lands under conservation easements.

Individual socioeconomic and demographic characteristics, such as income, educa-
tion, age, gender, and household size are also important determinants of environmen-
tal attitudes or behaviors (Gatersleben et al. 2002; Guerin et al. 2001). For instance, 
people with higher income tend to be more pro-environmental because they can bear 
the marginal increase in costs associated with supporting the environment (Straughan 
and Roberts 1999; Zimmer et al. 1994). Likewise, people with higher education better 
understand the consequences of environmental degradations and the need for conser-
vation. Thus, people with higher education are more likely to be pro-environmentalists 
(Diamantopoulos et al. 2003).
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Additionally, younger people are more likely to be sensitive to environmental is-
sues and also be pro-environmental because they have grown up in a time in which 
environmental concerns have been a salient issue at some level (Straughan and Roberts 
1999; Zimmer et al. 1994). Similarly, females are argued to be more pro-environ-
mentalists than males due to their social development and gender role differences. 
For instance, females (more so than males) carefully consider the impacts of their 
actions on others (Stern et al. 1993; Straughan and Roberts 1999). Studies also posit 
that ethnic minorities are more concerned with environmental issues and are pro-
environmentalists because they can be disproportionately victimized by environmental 
hazards (Brown 1995; Bullard 2000).

In summary, reviewed literature indicates that participation in outdoor recreation 
activities is associated with pro-environmental attitudes and that pro-environmental 
attitudes may motivate people to participate in environmental conservation programs, 
such as land conservation easements. Thus, this study aims to explore whether there 
is an extension of this relationship in that participation in different types of outdoor 
recreation is associated with participation in conservation easement programs.

Methods

Econometric model

We modeled the probability of placing lands under conservation easements (CEs) as 
a function of type of outdoor recreation activity participation (R). We identified two 
groups based on the types of recreation they participated in (i.e., consumptive or non-
consumptive activities). Literature on recreation participation has shown some key 
differences in the determinants of demand for land-based consumptive activities, like 
hunting, and water-based activities, such as fishing (Floyd and Lee 2002). Accordingly, 
recreationists were further grouped based on whether their activities were land-based 
or water-based. A land-based consumptive recreation dummy was created with a value 
one to reflect participation in consumptive activities that were land-based, and zero 
otherwise. Similarly, a water-based consumptive recreation dummy was created and 
set equal to one if a respondent participated in consumptive activities that were water-
based, and zero otherwise. Since both individual and community characteristics are 
important determinants of conservation easement participation and of environmental 
orientation, this study considered individual socioeconomic and demographic charac-
teristics (I) to include gender (male/female), income, education, race (ethnic minori-
ties), age, parcel of land owned (proxy for area of landholding), area of forest owned, 
years of land tenure, and family size; and community characteristics (C) to include 
gross returns per acre (proxy for land productivity), median housing value, residency 
location (urban/rural), and distance from major cities. Since difference in culture, to-
pography, and land availability across the United States may lead to variation in out-
door recreation participation (Ghimire et al. 2014) and also variation in decisions 
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regarding placing lands into conservation easements, we controlled for geographic 
regions at a broad spatial level, using geographic region dummies (please visit http://
www.fs.fed.us/research/rpa/regions.php to know more about the geographic classifica-
tions used in this analysis.). Hence, the probability of placing lands in conservation 
easements (CEs) may be summarized in a functional form as:

CEs = f(R, I, C, G) (1)

Since the dependent variable (CEs) is binary (equals one if an individual had 
placed their land in a conservation easement, and zero otherwise), a probit model was 
used in preference over an ordinary least square (OLS) model for two reasons. First, 
probit regression ensures the probability range is between zero and one. In contrast, 
the OLS model does not ensure the probability estimate will be between zero and one. 
Second, since the dependent variable is binary, the constant variance (homoscedastic-
ity) assumption of the OLS is violated, whereas the probit regression accommodates it 
(Wooldridge 2002).

Data

This study used outdoor recreation participation and private land ownership data from 
the National Survey on Recreation and the Environment (NSRE). The NSRE is a 
long-term data collection project of the United States Forest Service, Southern Re-
search Station in collaboration with the University of Tennessee and is conducted regu-
larly to see outdoor recreation participation trends across the United States. The NSRE 
is a random-digit-dialed telephone survey of individuals living in U.S. households. It 
employs a stratified random sample, based on urban/rural/near-urban geographic loca-
tions (Cordell et al. 2004). However, each version of the NSRE consists of different 
modules or sets of questions and was tested to ensure an average time of 15 minutes to 
complete. Approximately 5,000 people were surveyed in each version. Some over-sam-
pling was done to ensure a minimum sample size of 500 per state (across all versions) 
or for some modules that focus on rural outdoor recreation use i.e., over-sampling of 
people living in rural areas. Both English and Spanish versions of the questionnaires 
were used and interviews were conducted bilingually to overcome language barriers 
(Cordell et al. 2004). The survey was conducted using a computer-aided telephone 
interviewing (CATI) system. The CATI system randomly selects a telephone num-
ber, the interviewer upon hearing someone answer inquires how many people in the 
household are 16 years or older. Of persons 16 or older, the one with the most recent 
birthday is selected for interviewing (Link and Oldendick 1998) (please visit http://
warnell.forestry.uga.edu/nrrt/nsre/Nsre/nsre2.html to know more about the NSRE.).

The NSRE used in this study was conducted in 2005. The 2005 NSRE consisted 
of four modules or sets of questions related to outdoor recreation activity participation, 
constraints to participate in wilderness related activities, private land ownership, and 
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migration. In the outdoor recreation participation module, people were asked about 
their participation in recreation activities over the last 12 months (NSRE 2005). In the 
sample, all respondents were found to participate in outdoor recreation activities at least 
once over the last 12 months (please see Table 1 for the lists of activities participated 
by respondents.). There were three types of respondents – those who only participated 
in consumptive activities, those who only participated in non-consumptive activities, 
and those who participated in both – consumptive and non-consumptive activities. In 
general, consumptive recreationists are more likely to participate in some form of non-
consumptive activity in pursuit of their consumptive activities participation. Hence, in 
data coding, we treated those respondents who participated in both activities as con-
sumptive recreationists. In the private land ownership module, people who indicated 
they owned one or more parcels of any type of land (e.g., agricultural land, forestland, 
wetland, or other open space) in rural areas, i.e., outside town or city limits, including 
their current residence if it was five or more acres in size, were asked about their partici-
pation in conservation easements. In the survey, a total of 710 people reported being 
landholders. However, because of nonresponse errors and/or missing values in one or 
more of the covariates, the final sample size used for this study was 352 (NSRE 2005).

Data for community characteristics included gross returns per acre (in US $) col-
lected from the U.S. Department of Agriculture (2002); residency location (urban/
rural) collected from the NSRE (2005), distance from a major city (in miles), and 
median housing value (in US $) collected from U.S. Census Bureau (2003). Table 2 

table 1. Grouping outdoor recreation activities.

Groups Outdoor recreation activities

Water-
based

Consumptive: Freshwater fishing; fishing in cold water such as mountain rivers, lakes, or streams 
for trout; fishing in warm water rivers, lakes or streams for bass, bream, catfish, pike, crappie or 
perch; saltwater fishing; fishing for ocean-to-freshwater migratory fish such as salmon, shad, or 
steelhead trout.
Non-consumptive: Sailing; canoeing; kayaking; rowing; motor-boating; waterskiing; boating 
using a personal watercraft such as jet skis or wave runners; rafting, tubing or any other type of 
floating on rivers or other flowing water; sailboarding or windsurfing; surfing; swimming, 
snorkeling, scuba diving or visit a beach or other waterside area; swimming in an outdoor pool; 
swimming in streams, lakes, ponds or the ocean; snorkeling; scuba diving; visit beaches for any 
outdoor recreation activities; visit a waterside other than a beach for recreation activities.

Land-based

Consumptive: Gather mushrooms, berries, firewood or other natural products; hunting – hunt 
big game, hunt small game, hunt waterfowl such as ducks or geese.
Non-consumptive: Picnicking; gathering of family or friends in an outdoor area away from a 
home; visit an outdoor nature center, a nature trail, a visitor center or a zoo; visit prehistoric 
structures or archaeological sites; visit any historic sites, buildings or monuments; attend outdoor 
concerts, plays or other outdoor performances; attend outdoor sports events; walking for exercise 
or pleasure; day hiking; orienteering; visit a farm or other agricultural setting for recreation; camp 
at developed sites with facilities such as tables and toilets; camp at a primitive site without 
facilities; mountain climbing; rock climbing; caving; visit a wilderness or other primitive, road-
less area; home gardening or landscaping for pleasure; view, identify or photograph birds; view, 
identify or photograph wildlife besides birds; view, identify or photograph salt or freshwater fish; 
view, identify or photograph wildflowers, trees or other natural vegetation; view or photograph 
natural scenery; sightseeing; driving for pleasure on country roads or in a park, forest or other 
natural setting; drive off-road for recreation using a 4-wheel drive, ATV or motorcycle. 
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offers definitions and Table 3 shows summary statistics of the variables used in this 
analysis. The variables conservation easement participation, activity participation, 
gender, ethnicity, income, education, residency location, and geographic regions were 

table 2. Definition of variables

Variables Descriptions
a. Conservation easements; 
participated = 1 

A binary variable that equals one if respondent participated in 
conservation easements, and zero otherwise

b. Outdoor recreations participation 

· Land-based consumptive 
recreations; participated =1 

A dummy that equals one if respondent participated in consumptive 
recreations and both (consumptive and non-consumptive) that was land-
based, and zero otherwise

· Water-based consumptive 
recreations; participated =1 

A dummy that equals one if respondent participated in consumptive 
recreations and both (consumptive and non-consumptive) that was 
water-based, and zero otherwise

c. Individual characteristics 
· Gender; male =1 A dummy that equals one if respondent was male, and zero otherwise

· Income; income > $50,000 A dummy that equals one if respondent had annual income greater than 
$50,000 a year, and zero otherwise 

· Education; college graduated = 1 A dummy that equal one if respondent had at least college degree, and 
zero otherwise

· Ethnicity; ethnic minorities = 1 A dummy that equals one if respondent belonged to ethnic minorities, 
such as African-American, Hispanic, and Asian, and zero otherwise

· Age Age (in year) of respondent

· Parcel of landholding Total parcel of land (any category) owned that was greater than 5 acres in 
rural areas, outside town or city limits 

· Area of forest holding Total area of forest owned
· Year of land tenure Years of land holding 
· Family size Total number of family

d. Community characteristics
· Gross returns per acre Gross Crop revenue (in US $) divided by crop acreage at county level

· Median housing value
Median value (in US $) of specified owner-occupied housing units – 
one-family houses on less than 10 acres without a business or medical 
office on the property

· Residency location; urban = 1 A dummy that equals one if respondent belonged to metro area, and zero 
otherwise

· Distance from major city Average distance (in mile) to the county from major city
e. Geographic regions  
(base category = South)

· Geographic region; Rocky 
Mountain =1

A dummy that equals one if respondent belonged to Rocky Mountain 
region, and zero otherwise

· Geographic region; North =1 A dummy that equals one if respondent belonged to Northern region 
and, zero otherwise

· Geographic region; Pacific =1 A dummy that equals one if respondent belonged to Pacific region and, 
zero otherwise

Note: Besides three variables – yield per acre, median housing value, and distance from major city, all other 
variables came from the NSRE (2005). Some respondents were found to participate in both activities. 
However we treated them as consumptive recreationists, as we adopted a dichotomous classification based on 
whether or not they are consumptive recreationists.
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all binary variable. In contrast, age, parcel of land owned, area of forest owned, year 
of land tenure, family size, gross returns per acre, median housing value, and distance 
from major city were continuous variable. In the sample, 22% of respondents partici-
pated in conservation easement programs. Likewise, 59% of respondents participated 
in some form of land-based consumptive activities and 50% of respondents partici-
pated in some form of water-based consumptive activities over the last 12 months. 
Similarly, 51% of respondents were male, 6% were ethnic minorities, 48% had in-
come above $50,000 a year, 38% were college graduates, and 37% of respondents 
were urban resident. Regarding geographic regions, 11% of respondents were from 
the Rocky Mountain, 37% were from the North, 11% were from the Pacific regions, 
and 41% of respondents were from the South. Respondents were approximately 49 
years old, had 4 parcels of landholding, 33 acres of forest holding, 15 years of land 
tenure, and had 3 household members on average. Regarding the community char-
acteristics of the place they live, it had gross returns per acre of approximately $27, 
median housing value of approximately $93 thousand, and was 62 miles away from 
major city (Table 3).

table 3. Descriptive statistics of variables used.

Total Sample (N=352)

Variables Mean Std. Dev. Min Max

Conservation easements; participated =1 0.22 0.31 0 1

Land-based consumptive recreations; participated =1 0.59 0.49 0 1

Water-based consumptive recreations; participated =1 0.50 0.50 0 1

Gender; male =1 0.51 0.50 0 1

Ethnicity; ethnic minority = 1 0.06 0.16 0 1

Age 48.58 13.77 18 87

Income; income > $50,000= 1 0.48 0.46 0 1

Education; college graduated =1 0.38 0.48 0 1

Parcel of land holding 4.28 10.66 1 85

Area of forest holding (in acre) 33.30 242.35 0 4500

Years of land tenure 15.09 16.57 1 200

Family size 2.64 1.38 1 7

Gross returns per acre (in $) 26.72 41.55 2.36 540.81

Median housing value (in $ ‘000) 92.50 41.42 32.7 293

Residency; urban = 1 0.37 0.49 0 1

Distance from major city (in mile) 61.70 54.23 0.44 397.58

Geographic region; Rocky mountain =1 0.11 0.30 0 1

Geographic region; North =1 0.37 0.47 0 1

Geographic region; Pacific =1 0.11 0.30 0 1

Geographic region, South =1 0.41 0.49 0 1
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Results and discussion

Table 4 summarizes our findings. The model was statistically significant, as indicated 
by Wald chi2. The coefficient for the variable land-based consumptive recreation was 
negative and statistically significant at the five percent level. The predicted probabil-
ity of placing land under easement was 0.064 smaller for the individual who par-
ticipated in land-based consumptive activities compared to those who participated 
in land-based non-consumptive activities. In contrast, the coefficient for the variable 
water-based consumptive recreation was positive, but was not statistically significant at 
a conventional level. This finding suggests individuals who participated in land-based 
consumptive recreation, such as hunting, are less likely to place their lands in conser-
vation easements than their non-consumptive counterparts. However, this relation-
ship does not hold for water-based consumptive recreation, such as fishing. Hence, 
outdoor recreationists participating in different types of activities may have different 
environmental orientations and those environmental orientations may vary between 
clusters of consumptive activities, such as between hunting and fishing. The potential 
differences in environmental orientation between fishers and hunters could be due to 
the character of resource consumption involved, and/or there may be different goal ori-
entations between fishers and hunters. Hunting can be viewed as a resource-intensive 
activity where harvesting game is the primary goal. The degree of catch consumption 
associated with fishing has been found to vary, depending upon the values and atti-
tudes of different fishers (Dunlap and Heffernan 1975; Theodori et al. 1998). Further, 
there is some evidence that some recreational fishers placed less emphasis on catching 
and removing fish and more emphasis on resource preservation (Bryan 1977).

Despite the finding that land-based consumptive recreationists (e.g., hunters) are 
less likely than their non-consumptive counterparts to supply lands for easements, 
conservation movements in the United States have benefited greatly from direct and 
indirect contributions by hunters. Conservation organizations, such as the Rocky 
Mountain Elk Foundation, Pheasants Forever, Ducks Unlimited, and Wild Turkey 
Federation have been supported by contributions from hunters. Many of these or-
ganizations raise their primary funds from banquets (e.g., hunting heritage superfund 
banquets, big game banquets, and other annual banquets), where members and volun-
teers gather for social purpose while purchasing firearms and other merchandise that 
are exclusive to banquet attendees. These firearms and other merchandise are subject 
to the Pittman-Robertson excise tax, which is distributed to state wildlife agencies 
for research and habitat conservation activities. In some cases, hunters have also sup-
ported these organizations in conservation and outreach projects through donations. 
However, most of the donations or funds are likely to come from non-hunters. Ac-
cording to a recent survey, about 13.7 million Americans hunt (U.S. Fish & Wildlife 
Service 2014), whereas nearly 90 million people are gun-owners in the United States 
(Gallup Inc 2013), suggesting that hunters compose a relatively small proportion of 
all contributors to the Pittman-Robertson Fund. Hunters have also supported wildlife 
habitat protection through the purchase of Duck Stamps in the United States. The 
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table 4. Outdoor recreation participation and conservation easements.

VARIABLES Coefficients Marginal effects

Land-based consumptive recreation, participated =1
-0.3968** -0.0642**
(0.2097) (0.0341)

Water-based consumptive recreation, participated =1
0.2935 0.0474

(0.2214) (0.0356)

Gender, male =1
0.4631** 0.0750**
(0.2025) (0.0324)

Ethnicity, nonwhites =1
0.0980 0.0158

(0.4678) (0.0756)

Ln(age)
-13.7558*** 0.0130

(5.2154) (0.0723)

Ln(age) square 
1.8160***
(0.7040)

Income, income > $50, 000=1
0.3708* 0.0599*
(0.2229) (0.0354)

Education, college graduate=1
0.0964 0.0156

(0.2015) (0.0326)

Residency location, urban =1
-0.2906 -0.0469
(0.2270) (0.0370)

Family size
0.0460 0.0073

(0.0790) (0.0128)

Area of forest owned
-0.0000 -0.0000
(0.0000) (0.0000)

Parcel of land owned
0.0152* 0.0024*
(0.0088) (0.0012)

Year of land tenure
-0.0042 -0.0006
(0.0075) (0.0010)

Gross returns per acre
0.0044** 0.0007*
(0.0022) (0.0003)

Ln(median housing value)
-0.5906* -0.0955*
(0.3675) (0.0597)

Ln(distance from major city)
0.0841 0.0136

(0.1219) (0.0195)

Geographic region; Rocky Mountain =1
-0.2051 -0.0332
(0.4099) (0.0659)

Geographic region; North =1
0.5986** 0.0968**
(0.2347) (0.0384)

Geographic region; Pacific =1
0.8501** 0.1377**
(0.3939) (0.0642)

Constant
29.9630***

(9.7270)
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Duck Stamps are adhesive stamp required by the United States government for hunt-
ing migratory waterfowl (please visit http://www.fws.gov/duckstamps/Info/Stamps/
stampinfo.htm to know more about the Duck Stamps.). Funds from the Duck Stamp 
are used to purchase and maintain waterfowl habitat and hunting areas through land 
acquisition and easements. However, a very small proportion of land (about 3%) in 
the National Wildlife Refuge System was purchased with funds from the Duck Stamp 
(U.S. Fish & Wildlife Service 2012). Hence, overall, contributions of hunters for en-
vironmental conservation and habitat protection are relatively small compared to the 
non-hunting population. Thus, it is reasonable to argue that consumptive recreation-
ists are less likely to support environmental conservation compared to their non-con-
sumptive counterparts.

Contrary to previous findings that females are more pro-environmental than males 
regarding a number of environmental issues (Wolkomir et al. 1997; Zelezny et al. 
2000), this study found males to be more likely to place their lands in conservation 
easements than females. The predicted probability of placing land under easement 
was 0.075 greater for males than for females. This finding may reflect a male domi-
nated land ownership pattern (forest and non-forest lands) in the United States (Butler 
2008). Since placing lands under easements is a way to control land use in the future, 
males in traditional households often are in the role of making major decisions regard-
ing uses of property. Further, placing lands under easements may represent a differ-
ent type of environmental behavior than was considered in previous studies, such as 
reading environmental magazines, using recyclable grocery bags or voting for candi-
dates with pro-environmental agendas (e.g., Baldassare and Katz 1992; Wolkomir et 
al. 1997; Zelezny et al. 2000). Decisions regarding the uses of household property or 
assets could have relatively longer-term impacts on household resource allocations, 
while reading environmental literature or using recyclable grocery bags is less likely to 
have such a lasting impact on household resources.

Consistent with environmental values and awareness literature, income was posi-
tively significant suggesting that individuals with higher income are more likely to par-
ticipate in conservation easements. The predicted probability of placing land under ease-

VARIABLES Coefficients Marginal effects

Log likelihood -101.80

Wald chi2 35.55

Prob>chi2 0.012

Pseudo R2 0.148

Observations 352

Note: Robust standard errors are shown in parentheses. ***, **, and * represent results significant at the 
a = 0.01, 0.05, and 0.1 levels, respectively. The results are robust with the use of logit and tobit models. 
Note that dependent variable is acre of land designated to conservation easement in the tobit model. The 
results still hold without the use of log transformed age, median housing value, and distance from major 
city in the probit, logit and tobit models (results not shown here, but available upon requests).
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ment was 0.059 greater for individuals with annual income greater than $50,000 than 
those whose annual income was less than $50,000. Also, there was a nonlinear relation-
ship between age and the probability of placing lands under easements. As one might 
expect, the probability of placing lands under easements decreases at an increasing rate 
as people get older. This finding is consistent with the environmental value or awareness 
literature (Van Liere and Dunlap 1980). However, the marginal effect of age was not 
statistically significant at a conventional level. As per conservation easement literature, 
the findings show having a larger number of parcels of land is positively associated with 
the probability of placing lands under easements. The marginal effects suggest one ad-
ditional increase in parcel of landholding increases the predicted probability of placing 
land under easement by 0.002 although the parcel sizes could vary across landholders.

As per conservation easement literature, the variable gross returns per acre and 
median housing value are significant, implying that land with higher yield is more 
likely to be placed under easement and land with higher property price is less likely to 
be placed under easement. A $100 increase in gross returns per acre increases the pre-
dicted probability of placing land under easement by 0.072. In contrast, a one percent 
increase in housing value decreases the predicted probability of placing land under 
easement by 0.095. This result most likely reflects a higher opportunity cost of placing 
lands in easements in counties where land prices are higher. Regarding the geographic 
regions, the dummies for North and Pacific regions were positively significant, sug-
gesting that individuals in these regions were more likely to place their lands in ease-
ments, compared to the South. The predicted probability of placing land under ease-
ment was 0.096 greater for individuals in the Northern states and was 0.137 greater for 
individuals in the Pacific states, compared to the Southern states. This difference may 
be because of a greater availability of land resources and also land trust organizations in 
the Pacific and Northern regions, compared to the Southern region (Land Trust Alli-
ance 2014). The variables ethnicity, education, years of land tenure, residency location, 
family size, area of forest owned, and distance from a major city were not significant in 
helping to explain the probability of placing lands under an easement.

Conclusion

Consistent with literature and the notion that consumptive recreationists may dif-
fer in their sensitivity to environmental issues, this study found empirical evidence 
to support that land-based consumptive recreationists are less likely than their non-
consumptive counterparts to place their land under easements. This finding could be 
interpreted to suggest that consumptive recreationists, in general, seem less likely to 
contribute resources for the general environmental or public good purposes, such as 
restricting the use of land, or the disposition of natural resources on the land compared 
to their non-consumptive counterparts.

Since this study concerns outdoor recreation participation of the general population 
and their decisions regarding placement of their lands under easements in the United 
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States, findings of this study should be taken within that context. These results may 
not be generalizable to all landowners, who may have different environmental orienta-
tions and outdoor recreation activity preferences. We recommend that future studies 
of conservation easement participation should account for the potential link between 
landowners’ outdoor recreation and their decision regarding easements. Additionally, 
econometric analyses used in this study evaluate the intention/behavior of a group in 
general, but may fail to reveal the underlying variations in attitudes/behavior among 
sub-segments therein. Hence, the results may not be generalizable to specific individuals.

Despite these limitations, the factors identified by this study could be useful to 
help further understand factors affecting landowners’ decisions to place their lands 
into an easement, particularly the finding that the type of outdoor recreation they 
participate in can be directly related to their participation in conservation easements. 
Findings of this study can also be useful for local governments, or land trusts in design-
ing and implementing their easement programs.
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Abstract
Nature conservation and agricultural production may be considered as conflicting objectives, but for a 
wheat and sheep property in Western Australia they have been pivotal management objectives for the 
last 48 years. Koobabbie, a 7,173 ha property, has retained 41.5% of the original native vegetation, and 
is a designated Important Bird Area by BirdLife Australia, while still being an economically profitable 
agricultural enterprise. Since 1987 the owners of Koobabbie have kept detailed records of the avifauna 
of the property, and encouraged staff from government, non-government and academic organisations to 
conduct research and monitoring of the endangered Carnaby’s Cockatoo Calyptorhynchus latirostris breed-
ing on their property. In addition, they have instituted control programs for two over-abundant cockatoo 
species which compete with Carnaby’s Cockatoo for nest sites, and for Feral Cats that are predators of 
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nesting female Carnaby’s Cockatoo and their offspring. This paper presents the results of research and 
monitoring from 2003-2013, during which seven artificial nesting hollows were erected, and former ac-
tive nest hollows that had become derelict were repaired. By 2008, the number of breeding pairs on the 
property was at least 27, but two mass deaths of breeding females in 2009 and 2012 reduced the number 
of breeding pairs by 80%. This study illustrates the importance of monitoring conservation on private 
property, and raises a number of issues in relation to management of endangered species dependent on 
large hollow-bearing trees on private property.

Keywords
Carnaby’s Cockatoo, Calyptorhynchus latirostris, hollow nesting, nestling condition, wildlife conservation, 
habitat restoration, endangered species management, ecological and economic sustainability

introduction

Changes in land use and habitat conversion pose the greatest threats to biodiversity 
throughout the world. Agricultural intensification is one of the major threats (Mc-
Neely et al. 1995). It has resulted in the reduction in the extent and the fragmenta-
tion of remaining native vegetation (Saunders et al. 1991). The loss of woodlands and 
forests pose particular problems for species dependent on hollows (or cavities) in large 
trees for breeding or shelter sites (Newton 1994). Throughout southern Australia there 
have been major losses in extent and connectivity of temperate woodlands, and dete-
rioration in the quality of the remainder (State of the Environment Advisory Council 
1996, Gibbons and Lindenmayer 2002, Saunders et al. 2003, 2014a). This has a major 
impact on those species that are dependent on hollows for breeding and shelter (Gold-
ingay 2009, 2011), both in terms of the loss of existing large hollow-bearing trees, and 
competition for the remaining hollows.

Throughout the world’s agricultural zones, nature conservation and intensive agri-
cultural production may be considered as conflicting objectives, but for one wheat and 
sheep property called Koobabbie in the Waddy Forest district in the northern wheat-
belt of Western Australia (WA) (29°56'S; 116°09'E) they have been joint management 
objectives for the last 48 years.

Koobabbie was not cleared of native vegetation when taken up by Alison Doley’s 
grandparents in 1906. Since then it has been developed as an economically profitable 
agricultural enterprise by three generations of the same family. In 1966, Alison and John, 
her late husband, took over management of Koobabbie. Their management objective was 
ecological and economic sustainability (Doley 1995, 2003). Native vegetation remains 
on 41.5% of the property, and a further 2.3% of the property was revegetated with na-
tive species. Nature conservation features strongly in their management objectives.

Between May 1987 and the end of 1990, the Doleys took part in CSIRO Divi-
sion of Wildlife and Rangelands Research’s atlas of birds in the WA wheatbelt project 
(Saunders and Ingram 1995). During this project they kept weekly records of every 
species of bird that occurred on Koobabbie and, at the completion of the atlas pro-
ject, continued collecting these data until the present. Over the 25 years to 2011, 131 
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species of bird were recorded on Koobabbie. Their data demonstrated that the prop-
erty is an important site for the conservation of the region’s avifauna (Saunders and 
Doley 2013), and half of Australia’s cockatoo species occur on the property: Red-tailed 
Black-Cockatoo (Calyptorhynchus banksii), Carnaby’s Cockatoo (C. latirostris), Galah 
(Cacatua roseicapilla), Western Corella (C. pastinator), Little Corella (C. sanguinea) 
and Major Mitchell’s Cockatoo (C. leadbeateri) [bird nomenclature follows Christidis 
and Boles (1994) with the exception of Carnaby’s Cockatoo which follows WA Gov-
ernment legislation]. Of these, Carnaby’s Cockatoo and Major Mitchell’s Cockatoo 
are of conservation importance under Western Australian legislation.

In the early and mid-1980s, concern was raised about the impacts of clearing of 
native vegetation on the distribution, abundance, and breeding success of Carnaby’s 
Cockatoo (Saunders 1982, 1986, Saunders and Ingram 1987). In 1987, the Doleys 
were alerted to the plight of Carnaby’s Cockatoo. They took particular interest in the 
bird’s presence on Koobabbie, and made notes of the cockatoo’s breeding activities. In 
1999, Alison Doley was appointed to the Carnaby’s Cockatoo Recovery Team which 
had been set up to develop a recovery plan for the species and oversee recovery ac-
tions (Cale 2003). Knowing the importance of generating more knowledge about the 
species, the Doleys encouraged those involved in recovery actions to study Carnaby’s 
Cockatoo and conduct relevant recovery actions for the species on Koobabbie.

Since then, staff, volunteers and students, variously from Birds Australia (now 
BirdLife Australia), WA Department of Conservation and Land Management (now 
Department of Parks and Wildlife), Perth Zoo, and Murdoch University have worked 
on aspects of the ecology, genetics and health of Carnaby’s Cockatoo on Koobabbie, 
as well as carrying out repairs to tree hollows used by the cockatoos, and installing 
artificial hollows. In addition, land care groups carried out revegetation projects to 
aid recovery of the species in the district. Although the various research activities and 
observations of Carnaby’s Cockatoo on Koobabbie were not coordinated and, to some 
extent, have been ad hoc, a considerable amount of valuable information on the species 
has been gathered.

This paper presents the results of the diverse research and monitoring activities 
conducted on Carnaby’s Cockatoo at Koobabbie. It demonstrates that valuable 
information can be extracted from data collected by volunteers and others on an ad hoc 
basis. It examines the conservation implications resulting from the work, particularly as the 
property is a designated Important Bird Area, mainly for Carnaby’s Cockatoo, and makes 
recommendations for future conservation management, particularly on private property.

Methods

Study area

Koobabbie is located in the centre of the Northern Agricultural Catchment Council 
(NACC) area. It is an important area for the conservation of the avifauna of the 
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NACC area (Saunders and Doley 2013). Two hundred and fifty-four hectares of the 
property are mapped and listed as an important bird area by BirdLife Australia (http://
birdlife.org.au/projects/important-bird-areas/iba-maps accessed 9 January 2014) for 
the support of “up to 32 breeding pairs of the endangered Carnaby’s Black-Cockatoo 
which nest in Salmon Gum on the property”, and three other biome-restricted species 
[Western Corella, Regent Parrot (Polytelis anthopeplus) and Blue-breasted Fairy-wren 
(Malurus pulcherrimus)].

Koobabbie has a Mediterranean climate of hot, dry summers and cool, wet win-
ters. The property has a mean annual rainfall of 337 mm (1911–2011 rainfall records 
from Koobabbie) with 76% of the rainfall occurring between April and September. 
From 1987 to 2011, total annual rainfall varied from 198.6–560.4 mm. January is the 
hottest month with a mean daily maximum temperature 36.0 °C and minimum 18.5 
°C (data from nearest temperature recording station at Carnamah, 39 km north-west 
of Koobabbie, Australian Bureau of Meteorology website http://www.bom.gov.au ac-
cessed 9th August 2012) and July is the coolest (15.6 °C and 4.6 °C).

The property is 7,173 ha of which 41.5% still retains native vegetation, although 
58% of this uncleared land is a major salt lake complex in the property’s northeast 
(Figure 1). Of particular relevance to Carnaby’s Cockatoo are the extensive woodland 
strips that occur throughout the property. These remnants of the original woodlands 
found in the region are dominated by Salmon Gum (Eucalyptus salmonophloia), Gim-
let (E. salubris) and York Gum (E. loxophleba). They provide hollows used for nest 

Figure 1. Koobabbie showing property boundary, remnant vegetation, and revegetation 2007–2011).
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sites by the cockatoos. The remnant vegetation on the deep, yellow, sandy soils mainly 
found west of Koobabbie includes species of Banksia, Grevillea and Hakea that provide 
food for the birds. Only 15% of the area within 12 km radius of Koobabbie remains 
covered with native vegetation (Saunders et al. 2014b).

Between 2007 and 2011, 164.6 ha of revegetation was carried out on Koobabbie 
(Figure 1). The revegetation is of native species of local provenance. However, it has 
little value for Carnaby’s Cockatoo. The birds nest in the woodland on Koobabbie and 
forage to the west of the property. Little of the revegetation has been placed where the 
birds forage and the red clay loam is not suitable for growing species suitable as sources 
of food. York Gum is the principal species planted in many areas and understorey 
plants are Melaleuca and Acacia with no Proteaceae. In slightly saline areas Atriplex 
amnicola has been planted to provide grazing for sheep.

Detailed descriptions of Koobabbie and its management are provided in Doley 
(1995, 2003) and Saunders and Doley (2013).

Carnaby’s Cockatoo

Carnaby’s Cockatoo, a large black cockatoo with a distinctive white tail band, is en-
demic to southwestern Australia. It has been extensively studied (Saunders and Ingram 
1998, Saunders et al. 2014b), with one population at Coomallo Creek in the northern 
wheatbelt of WA being studied in detail from 1969 to the present. In the late 1960s the 
species was classified as vermin due to its impact on primary production with a bounty 
on its bill. By the mid-1980s, as a result of destruction and fragmentation of its habi-
tat, it had declined in range and abundance, and became the subject of conservation 
concern (Saunders 1982, 1990). Currently it is listed as endangered under the Austral-
ian Environment Protection and Biodiversity Conservation Act 1999 and under IUCN 
Red List category and criteria (IUCN 2014). It is specially protected as “Fauna that 
is rare or likely to become extinct” in Schedule 1 of the Western Australian Wildlife 
Conservation Specially Protected Fauna Notice 2013 under the Wildlife Conservation Act 
1950. It is the subject of a recovery plan which has recently been revised (Department 
of Environment and Conservation 2012).

Occurrence data on Carnaby’s Cockatoo

From May 1987 to the present, the Doleys recorded every species of bird seen on 
Koobabbie each week. These data were presence only; for example, one Wedge-tailed 
Eagle (Aquila audax) seen on one occasion during one week was recorded as a tick in 
the data sheet for that week, as were 100 Western Corella seen every day of the week. 
In addition, they made notes relating to birds of particular interest. These data and the 
accompanying notes may be seen on a Supplementary Table to Saunders and Doley 
(2013) at the journal website http://pcb.murdoch.edu.au. Records of the occurrence 
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of Carnaby’s Cockatoo on the property, together with notes relating to their nesting, 
behaviour and flock sizes are available from the second half of 1987 to the end of 2013; 
a period of 28 years.

Carnaby’s Cockatoo breeding on Koobabbie

From the breeding season of 2003, staff or volunteers from Birds Australia visited 
Koobabbie once each year, sometime from late September to early November, and 
searched for active Carnaby’s Cockatoo nests. This was done by looking in each hollow 
known by the Doleys to be used by Carnaby’s Cockatoo, or trees thought to contain 
a hollow of sufficient size to be suitable for the birds. Any trees with female Carnaby’s 
Cockatoo leaving the hollows or with nestlings or eggs were recorded for subsequent 
examination. This was carried out by staff from the Department of Conservation and 
Land Management who recorded the contents of the hollow. If nestlings were large 
enough to be handled (>3 weeks old), they were measured (length of folded left wing 
[mm] and body mass [g]), banded (Australian Bird and Bat Banding Scheme bands), 
and several breast feathers removed for genetic analyses.

The following dimensions were recorded from each hollow used by Carnaby’s 
Cockatoo: height of entrance above ground level (m); diameter of the entrance to the 
hollow (if circular or the width of the narrowest side, if not circular) (m); depth of 
the hollow (m); and diameter of the floor of the nest chamber (m). The species of tree 
providing the hollow was also noted.

Aging of Carnaby’s Cockatoo nestlings

Nestlings were aged by comparing the length of their folded left wing (mm) against 
a reference curve of the length of the folded left wing of known age nestlings from 
Coomallo Creek, using the method described by Saunders (1986). Saunders (1986) 
regarded the population at Coomallo Creek as the one in which the nestlings were in 
the healthiest condition. The accuracy of aging nestlings using this method was ± 4 
days applied to nestlings aged around 31 days and ± 6 days applied to nestlings around 
64 days. This is a 13% variation at 31 days and 9% at 64 days. This is a reasonable 
error over a nestling period of more than 70 days. From the nestlings’ estimated ages, 
egg laying dates were extrapolated.

Sexing and kinship of nestlings

 Nestlings were sexed based on DNA analysis. DNA-based sex identification targeted 
the CHD-W and CHD-Z genes located on the sex chromosomes (female, ZW; male, 
ZZ) using modified primers of Griffiths et al. (1998). Kinship (relatedness) analyses 
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followed White et al. (2009, 2012) to determine how many and how often individual 
breeding females nested in hollows on Koobabbie.

Assessment of nestling condition

Saunders (1982) developed a growth curve for Carnaby’s Cockatoo based on the rela-
tionship between estimated age and expected body mass (g), with standard deviations 
that ranged from ±20.7% of body mass for nestlings 18 days old, to ±7.4% of body 
mass for nestlings 68 days old. This reference curve was constructed from measure-
ments of nestlings at Coomallo Creek (1970–1976), 71 km west of Koobabbie. By 
comparing the observed body mass of nestlings at Koobabbie with their expected body 
mass relative to their estimated ages based on the measurement of the folded left wing, 
it was possible to determine which nestlings were in poor condition. Poor condition 
is defined here as being those nestlings whose body mass was more than one standard 
deviation below the expected mean body mass for their estimated age (Saunders 1986, 
Saunders et al. 2014b).

Spacing of active hollows used by Carnaby’s Cockatoo

Nearest neighbour analyses, using the distance between the waypoints function on 
OziExplorer GPS Mapping Software, were carried out on all hollow trees used by 
Carnaby’s Cockatoo in the breeding seasons of 2006, 2007 and 2008. These years 
were chosen because they had the largest number of breeding attempts. In addition, 
nearest neighbour analyses were carried out on nesting attempts commenced in a 
series of two-week periods in each of these years. That is, distances (m) to the near-
est hollows occupied during weeks 1 and 2 of the breeding season, then weeks 2 
and 3, 3 and 4, etc. were calculated. The two-week period was chosen as Saunders 
(1982) pointed out that females selecting and preparing nest hollows will not toler-
ate another female prospecting for a nest hollow nearby, but once the female has 
laid and is incubating, she will tolerate other females nesting as close as hollows in 
the same tree.

Provision of artificial hollows

On 1 April 2004, seven artificial hollows were erected on Koobabbie. These hollows 
were constructed of sections of fallen hollow Salmon Gum, with a floor of metal cov-
ered with decayed heartwood material from fallen trees, a wooden roof, and an en-
trance opening to the top and side of the hollow. No measurements were taken of 
the internal dimensions of artificial hollows, but they were approximately 600–700 
mm deep, with an internal diameter of at least 250 mm. They were supported on a 
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5.8 m length of 100 mm diameter galvanised water pipe. The pipe was supported on 
a galvanised iron bracket set in concrete with two bolts through the bracket and the 
pipe, so that by removing one bolt the pipe may be lowered using a front end loader 
or block and tackle should the hollow need repair. There were several constraints on 
placement of the artificial hollows; chance of use by Carnabys Cockatoo, vehicle access 
for erection, and clearance from neighbouring trees. All artificial hollows were erected 
in woodland known to be frequented by the cockatoos for nesting. Each hollow re-
quired access for a tractor with post-hole auger, an eight-tonne truck with 5.8 m of 
pole and hollow, and a front end loader with a loader bucket. The hollows were placed 
sufficiently far from neighbouring trees to ensure they would not be damaged should 
any of those trees fall. The artificial hollows were monitored during the same period 
natural hollows were monitored.

Control of over-abundant cockatoos and feral cats

Galah and Western Corella compete for hollows with Carnaby’s Cockatoo, and 
in some cases destroy Carnaby’s Cockatoo eggs and take over hollows (Saunders 
1979, 1982, Alison Doley and Rick Dawson pers.obs.). Since November 1989, with 
appropriate licences, the Doleys have arranged for the destruction of any Galah or 
Western Corella investigating hollows used by Carnaby’s Cockatoo, or in the vicinity 
of such hollows.

Feral Cats (Felis catus) are known to climb trees and prey on cockatoos breeding 
in hollows, killing nestlings and adults (Saunders 2006). In view of the threats Cats 
posed to breeding cockatoos, they are controlled on the property opportunistically 
throughout the year.

Results

Occurrence of Carnaby’s Cockatoo on Koobabbie

Carnaby’s Cockatoo is a regular breeding visitor to Koobabbie, arriving sometime be-
tween the first week in July and the third week in August (median arrival week the 
last week in July) (Table 1). The birds remain around the property for a period of 22 
to 34 weeks (median length of stay 27 weeks) (Table 1), departing sometime between 
the second week in January and the third week in March (median departure week first 
week in February) (Table 1). The arrival week of the birds at Koobabbie was signifi-
cantly correlated (R² = 0.166; p = 0.035) with that year’s total Austral autumn rainfall 
(March to May inclusive) on the coastal plain where they spend the non-breeding 
season (Figure 2). The wetter the autumn, the earlier the birds arrive at Koobabbie. 
For example, an increase in annual autumn rainfall of 75 mm advances arrival time by 
about one week.
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Number of breeding attempts 2003–2013

The number of known breeding attempts by Carnaby’s Cockatoo at Koobabbie over 
the 11 years ranged from 18 when monitoring by Birds Australia commenced in 2003, 
to a maximum of 27 in 2008 (Figure 3). From 2003 to 2013 the number of natural 
and artificial hollows being monitored increased from 26 to 89. From 2005 to 2013, 
the monitoring effort for nesting birds was similar. As there were only two monitoring 
visits each year, these figures represent a minimum number of breeding attempts each 
year. Accordingly, hollows from which females were flushed on the first visit, that were 
empty on the second visit, may not have been used, may have been used unsuccessfully, 
and no evidence remained of the failure, or may have been successful by the time the 
hollow was checked, but again with no evidence of use.

table 1. Week of arrival and departure of Carnaby’s Cockatoo at Koobabbie 1987–2013 and the length of 
time (number of weeks) the birds were on the property. Weeks are numbered from the first week in January 
with four weeks each month (i.e., 48 recording weeks in the year; for example week 25 is the first week in July).

Week # 25 26 27 28 29 30 31
# years birds arrived 1 4 7 6 6 2 1

Week # 2 3 4 5 6 7 8 9 10 11
# years birds departed 1 2 5 5 6 2 1 2 0 2
# weeks birds in area 22 23 24 25 26 27 28 29 30 31 32 33 34

# years 1 1 4 3 3 4 3 3 0 2 0 0 1

y = -0.0123x + 28.853
R² = 0.166
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Figure 2. Correlation between week of arrival of Carnaby’s Cockatoo at Koobabbie each year (1987–2013), 
and total autumn rainfall (March-May) each year at Badgingarra Research Station. Rainfall from this station 
has been used as the birds spend their non-breeding season on the coastal plain from Badgingarra northwards.
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The breeding population in 2009 was less than half that of 2008 due to the death 
of a number of females, and possibly males. On 30 September 2009, a male Carnaby’s 
Cockatoo was found dragging itself along the ground with its beak. It weighed 434 
g, only two-thirds of the average body mass of adult males (Saunders 1974). On 23 
October 2009, a mass death of breeding females was recorded with 11 found dead 
(carcases fly-blown and dried out) in their hollows, and a further five hollows were 
recorded with abandoned eggs. Four dead females were found on the ground in the 
nesting area. Dead females were distributed in hollows throughout the woodland areas 
of Koobabbie, as were the females who successfully bred that season.

There was a similar episode in mid-October 2012, with five females found dead on 
eggs in their nest hollows. Again, a male with hind limb weakness was found on the 
ground near the homestead. It was sent for treatment at the Perth Zoo Veterinary De-
partment, but later died. A female found in a moribund state in a nest hollow, was sent 
to the Perth Zoo Veterinary Department, and later euthanized. Carnaby’s Cockatoo 
feathers on the ground in a belt of woodland indicated an eighth bird had died. These 
losses again halved the breeding population such that only five breeding attempts were 
recorded in 2013 (Figure 3); one of these was a second breeding attempt in a hollow 
where the first attempt failed (Rick Dawson pers. obs.).

Necropsies on the two birds found alive, but compromised in 2012, showed no 
signs of infectious disease or other significant pathological abnormalities, except for 
the female which had evidence of severe dehydration. Testing was negative for several 
infectious pathogens including Newcastle disease virus, avian influenza virus, beak 
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Figure 3. Number of known breeding attempts by Carnaby’s Cockatoo at Koobabbie 2003–2013 
(diamonds). Known breeding attempts were established by examining the contents of the hollow. Number 
of female Carnaby’s Cockatoo flushed from tree hollows (squares), but the contents were not checked 
then, or were checked subsequently and no conclusive evidence of a nesting attempt was obtained.
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and feather disease virus, avian polyomavirus, Chlamydia psittaci and avian adeno-
virus. Screening was negative for 72 toxins including pyrethrins, organophosphates 
and organochlorines, and testing for seven heavy metals did not reveal any significant 
findings. It is highly unlikely that food shortage was the cause of the deaths, as one of 
the males found alive was in good body condition, and some of the nestlings measured 
that were in unaffected hollows were within the healthy body mass range.

Timing of egg-laying on Koobabbie

During the period 2003–2013, the earliest that egg-laying commenced was Week 31 (Jul 
31–Aug 6) in 2008, and the latest Week 45 (Nov 6–12) in 2009 (Table 2). Over all years, 
52.6% of eggs were laid during Weeks 35 to 37 (Aug 28–Sep 17). During the breeding 
seasons of 2006, 2007 and 2008 when most breeding attempts were recorded, egg-laying 
took place over a 7-9 week period. In the two years after the 2009 mass deaths, egg-laying 
also took place over a period of seven weeks (2010) and six weeks (2011).

Numbers of Carnaby’s Cockatoo seen on Koobabbie

Maximum flock sizes recorded on the property were: 91 (November 1994); 40 (De-
cember 1998); 40–60 (December 1999); 58 (October 2001); 98 (November 2004); 
46 (December 2007); 26 (September 2009); 18 (September 2010); 23 (November 
2011); 18 (August 2012); and 11 or 12 (September 2013).

table 2. Number of first eggs laid by week at Koobabbie 2003–2013. These data relate to the first egg laid 
in each clutch (clutches of two eggs are most common). No data are available for 2004.

Week Dates 2003 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
31 Jul 31–Aug 6 1 1
32 Aug 7–13
33 Aug 14–20 2 1 3
34 Aug 21–27 2 1 1 4
35 Aug 28–Sep 3 2 3 1 4 1 1 1 13
36 Sep 4–10 1 2 4 1 1 2 1 12
37 Sep 11–17 3 2 2 1 4 2 1 1 16
38 Sep 18–24 2 2 2 3 9
39 Sep 25–Oct 1 1 2 4 1 1 9
40 Oct 2–8 3 1 4
41 Oct 9–15 2 1 3
42 Oct 16–22 1 1
43 Oct 23–29 2 2
44 Oct 30–Nov 5
45 Nov 6–12 1 1

Total 8 7 14 14 17 5 6 5 1 1 78
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Feeding observations

Carnaby’s Cockatoo were recorded feeding on Wild Radish (Raphanus raphanistrum) 
(an agricultural weed), Wild Geranium or Corkscrew (Erodium moschatum) (an agri-
cultural weed), Banksia prionotes, B. attenuata and Hakea preissii on three occasions, 
and in 2007 on Canola (Brassica spp.), an agricultural crop which was first grown in 
the area in 1998. DNA analyses were used to examine the intestinal content of one 
of the paralysed birds brought from the field in 2012. The intestines contained plant 
families Asteraceae, Myrtaceae, Lauraceae, Rutaceae and a clade within asterids known 
as lamiids.

Sex and kinship of nestlings

DNA-based sex identification was carried out on 75 nestlings sampled from 2003–
2010. Of these, 35 were identified as female and 40 as male (Table 3). There was no 
significant departure from a 1:1 sex ratio (analysis fitting a generalised linear model), 
which was also the case at Coomallo Creek (Saunders et al. 2013).

From the kinship analyses, fifteen breeding pairs were identified to have visited 
Koobabbie, at least twice, accounting for 48% of the offspring sample. Thirteen of 
these pairs were not recorded as breeding in consecutive years. Six pairs used the same 
tree at least twice.

Condition of nestlings

Seventy-eight nestlings were measured and weighed at Koobabbie between 2003 and 
2013 (Table 4). Of these, 13 (16.7%) were more than one standard deviation below 
the benchmark and deemed to be in poor condition. In 2009, the first year of the 

table 3. Sex of nestlings at Koobabbie (2002–2010) as determined by DNA analysis.

Year Females Males Total
2002 3 2 5
2003 5 4 9
2004 1 1 2
2005 2 4 6
2006 5 6 11
2007 4 13 17
2008 12 8 20
2009 1 0 1
2010 2 2 4
Total 35 40 75
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mass deaths, 60.0% of nestlings were more than one standard deviation below bench-
mark body mass.

Comparisons were made between data from Koobabbie and data from 963 nest-
lings at Coomallo Creek (1970–2013) and 73 from Manmanning (1969–1976). 
Of the Coomallo Creek nestlings, 110 (11.4%; annual range 0–28.6%) were more 
than one standard deviation below the benchmark body mass, and at Manmanning 
46 (63.0%; 14.3–100%) of nestlings were more than one standard deviation below 
benchmark body mass.

There was a significant negative linear correlation (R² = 0.110; p = 0.004) between 
time after the commencement of egg-laying for the season and the percentage nest-
ling body mass deviated from the benchmark (Figure 4). The later eggs are laid in the 
breeding season, the greater the chances the resulting nestlings were in poor condition.

Dimensions of hollows used by Carnaby’s Cockatoo on Koobabbie

Carnaby’s Cockatoo nested in hollows in 51 trees on Koobabbie, the dimensions of 
which are given in Table 5. Forty-nine were in Salmon Gum, and one each in Gimlet 
and York Gum. The mean depth was 1.32 m, which was similar to the depths of 
hollows in Salmon Gum used by Carnaby’s Cockatoo at Manmanning (Saunders 
1979). The mean height of hollow entrances was 5.29 m, which was lower than the 
7.38 m at Manmanning. However, the range of 2.2–8.7 m indicates that height of 
entrance is not of major importance; the size of the hollow in the tree is critical 
(Saunders et al. 2014a).

Of these hollows, 27 (52.9%) needed some form of repair, and three of the hol-
low-bearing trees (5.9%) had fallen over by the breeding season of 2013.

table 4. Number of nestlings measured at Koobabbie and the number of nestlings whose body mass 
was one standard deviation below the benchmark body mass (see text for details). The percentages are 
the proportion of the total nestlings measured that were more than one standard deviation (SD) below 
benchmark, and deemed to be in poor condition.

Year # nestlings # below -1 SD % below 1 SD
2003 8 3 37.5%
2005 7 0 0%
2006 14 1 7.1%
2007 14 3 21.4%
2008 17 2 11.7%
2009 5 3 60.0%
2010 6 1 16.7%
2011 5 0 0%
2012 1 0 0%
2013 1 0 0%
Total 78 13 16.7%



Denis A. Saunders et al.  /  Nature Conservation 9: 19–43 (2014)32

Spacing of active hollows used by Carnaby’s Cockatoo on Koobabbie

Between 2006 and 2008, the average distance between all hollow trees known to be 
used by Carnaby’s Cockatoo at Koobabbie varied from 130 to 180 m (Table 6). How-
ever, the average distance between hollow trees in which birds commenced laying at 
similar times of the breeding season was greater at 600–1050 m. The birds at Koobab-
bie behave in a similar manner to those at Coomallo Creek, where, over the period 
1974–1976, the average distance between the nearest neighbours of all hollows used 
was 170 ± 10 m, and the average distance between neighbouring hollows laid in a par-
ticular week or the previous week was 800 ± 50 m.

Figure 4. Significant correlation between the percentage of nestlings at Koobabbie whose body mass 
deviates from the benchmark body mass, and the time at which the egg from which they hatched was laid 
after the commencement of egg-laying for the season. Egg-laying commenced at Week 1.

y = -1.3819x + 2.9731
R² = 0.110
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table 5. Dimensions (m) of hollows used by Carnaby’s Cockatoo on Koobabbie 2003–2013.

Height (m) Depth (m) Entry Diameter (m) Floor Diameter (m)
Number 51 49 49 49

Mean 5.29 1.32 0.26 0.33
Median 5.30 1.10 0.25 0.30
St Dev 1.52 0.74 0.08 0.13
Range 2.2–8.7 0.30–3.70 0.10–0.45 0.15–0.70
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Artificial hollows: costs and use

In 2004, the installation costs of each of the seven artificial hollows were $AUD225 for 
materials and $AUD330 for labour.

Six were used by Carnaby’s Cockatoo at least once over the period 2004 to 2013 
(Table 7); 45.7% of the 70 hollow-years they were available. Ten-percent were used by 
Galah, 2.9% by Barn Owl and 1.4% by Red-tailed Black Cockatoo during the hollow-
years available. Artificial Hollow 3 was not used by Carnaby’s Cockatoo as the floor of 
the hollow was too small (Rick Dawson pers. obs.). As no follow up visits were made 
at the end of each breeding season, no data are available on breeding success of birds 
nesting in artificial hollows.

Movements of Carnaby’s Cockatoo from Koobabbie

Eighty Carnaby’s Cockatoo nestlings were banded on Koobabbie between 2003 and 
2013. It is not known how many of these fledged, or how many returned to breed. 

table 7. Use of the seven artificial hollows installed on Koobabbie before the breeding season of 2004. 
CC = Carnaby’s Cockatoo: E = egg; F = female; N = nestling; RTBC = Red-tailed Black-Cockatoo; and 
dead refers to the fact that a dead Carnaby’s Cockatoo female was found in the hollow.

Nest No 1.10.04 14.10.05 4.10.06 10.10.07 6.11.08 24.10.09 29.09.10 3.10.11 15.10.12 5.11.13 Total
KART 1 F CC F CC F CC F CC 4

KART 2 F CC F CC 
2E 2 CC E F CC 1E F CC 

1E
Dead CC 

F 2E 6

KART 3 Galah Galah Galah Galah Barn Owl 0

KART 4 F CC F CC 1N F CC 
1N1E F CC 1N 1 CC 

N
Dead CC 

F 1E 1 CC N F CC 
2E 8

KART 5 F CC F CC 
1N1E

F CC 
1E F CC 1N Galah 1 CC N RTBC 5

KART 6 Barn Owl Galah F CC 1N Galah 1

KART 7 F CC F CC 
2E F CC 1N 1 CC 

N
Dead F 

CC F CC F CC F CC 
1E 8

Total CC 5 3 5 4 3 4 3 2 2 1

table 6. Average distance (km) to nearest neighbour of all hollow trees used by Carnaby’s Cockatoo at 
Koobabbie during 2006, 2007 and 2008. Also shown is the average distance between nearest neighbours 
of active hollows started in two-week periods in the same years (see text for details).

2006 2007 2008 2006–08
Average distance (km) between nearest neighbours 

of all active hollows 0.18 ± 0.29 0.13 ± 0.16 0.15 ± 0.26 0.13 ± 0.24

Range 0.03–1.23 0.03–0.79 0.03–1.13 0.03–1.2
Average distance (km) between nearest neighbour 

laid in a particular week or the previous week 1.05 ± 1.02 1.04 ± 1.24 0.60 ± 0.76 0.86 ± 0.99

Range 0.15–3.04 0.13–3.08 0.15–3.10 0.13–3.10
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Two fledglings banded at Koobabbie were recorded outside their natal area. One young 
male was photographed in the Coomallo Creek breeding area on 12 November 2010 
(Saunders et al. 2011a). This immature male appeared to be in the company of a fe-
male, in a flock that included adults and other immature birds, 71 km west-south-west 
of its natal area. The second was a female photographed on 12 September 2012, in a 
flock of up to 400 birds on native vegetation in Beekeepers Nature Reserve, 108 km 
west of its natal area.

Control of over-abundant cockatoos and feral cats

Of the six cockatoo species occurring on Koobabbie, Galah were the most common; 
then in decreasing order, Western Corella, Red-tailed Black-Cockatoo, Carnaby’s 
Cockatoo, Major Mitchell’s Cockatoo and Little Corella (Alison Doley pers.obs.). 
Galah, Western Corella, Red-tailed Black-Cockatoo and Major Mitchell’s Cockatoo 
were resident on Koobabbie, and Little Corella a vagrant (Saunders and Doley 2013). 
Galah, Little Corella and Red-tailed Black-Cockatoo were not present in the district 
prior to clearing of native vegetation for agriculture. These are birds of the arid zone 
that have extended their range into southwestern Australia as a result of development 
of agriculture with the provision of grains, agricultural weeds and water for live-stock 
(Saunders et al. 1985, Saunders and Ingram 1995). Western Corella has increased in 
numbers on Koobabbie with the development of agriculture (Alison Doley pers. obs.), 
and is present in the district in the thousands.

During September 1995, the Doleys recorded incidents in which Western Corella 
usurped Carnaby’s Cockatoo at five nest hollows known to be used by the latter. In 
one hollow three Western Corella eggs were removed from the hollow and Carnaby’s 
Cockatoo reclaimed the hollow, and laid two eggs. Subsequently a Western Corella 
was seen investigating the hollow, and the Doleys found both black cockatoo eggs had 
holes in the side consistent with them being pecked open. Between 8 February 1997 
and 22 March 2014, 11,741 Galah and 4,591 Western Corella were shot on Koobab-
bie in the vicinity of known black cockatoo nesting hollows.

In October 2007, a female Carnaby’s Cockatoo was sitting on two eggs in a hollow 
in a dead Salmon Gum; this nesting attempt failed as the female was killed by a Cat. 
Thirty-eight Cats were shot on the property.

Other threats to Carnaby’s cockatoo nestlings

During the 2008 breeding season, Alison Doley found Carnaby’s Cockatoo nestlings 
in three hollows were being adversely affected by small black ants (species unknown). 
This constituted 11% of the hollows known to be used by Carnaby’s Cockatoo that 
season. Previous observations suggested that ants only invaded nest hollows in which 
there was a dead nestling. In Hollow 24 on 4 December 2008, the nestling was covered 
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in ants and showing signs of distress. The cloaca and surrounding skin were reddened 
and scabby. The base of the tree in which the hollow was located was sprayed with 
chlorpyrifos. The ants were controlled, and by 15 December the nestling had recov-
ered. It fledged on 15 January 2009. One other nestling was found affected by ants. 
The surrounds of the nest hollow were sprayed, and the nestling fledged on 19 Febru-
ary 2009. No other cases of attack by ants on nestlings were recorded.

Discussion

Carnaby’s Cockatoo breeding on Koobabbie

Carnaby’s Cockatoo has been a regular breeding visitor to Koobabbie for as long 
as Alison Doley can remember. Saunders et al. (2013) showed a significant correla-
tion between the commencement of egg-laying and autumn rainfall for birds from 
Coomallo Creek and Manmanning in which the higher the autumn rainfall, the ear-
lier egg-laying commenced. As data on dates of egg-laying at Koobabbie are limited, 
week of arrival has been used as an indicator of commencement of breeding. Over the 
period 1987 to 2012, at Koobabbie Carnaby’s Cockatoo conformed to this associa-
tion with autumn rainfall.

It is difficult to establish a link between the numbers of Galah and Western 
Corella removed from the local populations, and the steady increase in nesting at-
tempts by Carnaby’s Cockatoo. This is in part due to the fact that new nest hollows 
were still being located after 2005. Anecdotal evidence indicates that the program has 
been beneficial. For example, in the breeding season of 2007, a Carnaby’s Cockatoo 
commenced breeding in Artificial Hollow 7, but was usurped by a pair of Western 
Corella. The female Western Corella was shot. The next evening a female Carnaby’s 
Cockatoo was inspecting the hollow; subsequently the hollow was used, with a nest-
ling later banded. Given that the numbers of Major Mitchell’s Cockatoo and Red-
tailed Black-Cockatoo breeding at Koobabbie also increased during the same period 
(Alison Doley pers. obs.), it seems reasonable to conclude that controlling Galah and 
Western Corella improved the value of the site for the other three cockatoo species by 
limiting competition for hollows.

One salient point when considering competition for hollows is that unlike the oth-
er cockatoos, which only frequent the nest hollow during the breeding season, Galah 
guard their breeding hollow throughout the year (Rowley 1990). Galah also have an 
impact on availability of nest hollows through their destructive habit of “stropping” or 
chewing the bark away from the trunk of the tree below the nest hollow, in some cases 
“ring-barking” the tree. This can result in the premature death of the tree (Rowley 
1990, Saunders and Ingram 1995: Plate 2).

The six largest artificial hollows were used by Carnaby’s Cockatoo during more 
than half of the hollow-years they were available. Natural hollows formerly used by 
the cockatoos that were repaired were used soon after being repaired. The rapidity 
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with which the artificial and repaired hollows were taken up and used indicates that 
the provision of artificial hollows and repairs of natural hollows are useful strategies for 
bolstering the stock of nesting hollows.

Condition of nestlings at Koobabbie

Of 60 breeding attempts where nestlings could be measured from 2003 to 2008 (inclu-
sive), 15.0% resulted in nestlings whose body mass were more than one standard deviation 
below the benchmark established from nestlings at Coomallo Creek. This is similar to 
the incidence of Coomallo Creek nestlings being in poor condition (11.4%), and much 
less than the 63.0% recorded at Manmanning. These results indicate that the Koobabbie 
population was producing healthy nestlings, and was not subject to the same food short-
ages that led to the extirpation of the population at Manmanning, and a number of other 
areas throughout the eastern part of the range of the species (Saunders 1986, 1990). How-
ever, nestlings raised later in the breeding season are more likely to be in poor condition. 
This may indicate that food is limited for the population towards the end of the breeding 
season. It also suggests that, if changes in autumn and winter rainfall patterns continue to 
occur as predicted (CSIRO 2007, Hennessey et al. 2008), a greater proportion of breeding 
attempts will occur later in the year, resulting in more low body-mass chicks.

Movements of birds from Koobabbie

The movement records of two fledglings from Koobabbie indicate that the popula-
tion moves to the coast at the end of the breeding season, and congregates with birds 
from other breeding populations in the northern wheatbelt (White et al. 2014). One 
was a four-year-old female, part of a flock of up to 400 birds in the northern sand 
heaths, west of Eneabba. This is an area where Saunders (1980: Figure 1) reported the 
Coomallo Creek breeding population and their offspring spend part of the non-breed-
ing season. The other fledgling was a two-year-old male seen in the Coomallo Creek 
study area. This congregation into groups with other populations provides opportuni-
ties for pairs to form in which fledglings from Koobabbie may be mated with fledglings 
from elsewhere, thus avoiding inbreeding (White et al. 2014). With information on 
only two fledglings, no light is shed on which sex of fledgling is the one that maintains 
fidelity to their natal area.

What caused the mass deaths of breeding birds in 2009 and 2012?

Plausible causes of the 2009 deaths include toxicity, infectious disease, or an adverse 
weather event. Saunders et al. (2011b) ruled out adverse weather as a likely cause be-
cause the population at Coomallo Creek was exposed to the same climatic conditions 
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as the Koobabbie birds and suffered no such mass deaths. Agricultural practices relat-
ing to treatment of Canola to prevent insect damage was suggested as a cause. There 
were no reports of deaths of other species of parrot in the area [including Western and 
Little Corella, Galah, Major Mitchell’s Cockatoo, Red-tailed Black-Cockatoo, Cocka-
tiel (Nymphicus hollandicus) and Australian Ringneck (Barnardius zonarius)], several of 
which feed on Canola (Jackson 2009). This may indicate differences in exposure to risk 
factors due to differing diets, foraging habits or other behaviours.

The reason for the deaths occurring at Koobabbie and not at other similar breeding 
sites, such as Coomallo Creek, remains unknown, as similar food sources and agricul-
tural practices are present in each area. However, there could be differences in relation 
to specific methods of agricultural practice, or environmental factors at Koobabbie or 
adjacent farms that increase the chances of exposure for the birds. What is important is 
that these data were recorded and shared for future reference (Cox-Witton et al. 2014).

Conservation implications

Koobabbie is the only Western Australian IBA on a private property on which long-
term research is encouraged by the owners. This research is important for several rea-
sons. The first relates to Alison and John Doley’s approach to conservation. For over 25 
years they have kept records of the avifauna of the property, and made the data freely 
available for others to use (Saunders and Doley 2013). They have conducted fauna and 
flora surveys of the property, and designated areas of the property for the conservation 
of the biota, particularly endangered species of plants and animals (Doley 2003). The 
second is that the Doleys have shown that encouraging and engaging with collabora-
tors from government and non-government conservation agencies, together with those 
from tertiary institutions, as well as private citizens in the study of Carnaby’s Cockatoo 
over a ten-year period has yielded important results that have application for conserva-
tion management, particularly on private property.

Until 2009, the population of Carnaby’s Cockatoo on Koobabbie was regarded 
as one of the most important in the northern wheatbelt. There were at least 27 pairs 
breeding on the property, and active research and management was carried out. As a 
result, Koobabbie was known colloquially as “Cockatoo Club Med.” However, with-
out this long-term study involving many individuals and organisations, the impact of 
the 2009 and 2012 mass deaths may have gone unreported. These catastrophic events 
reduced the breeding population by approximately 80%, and illustrate the impact 
of stochastic events. The danger is that with such small numbers now breeding on 
Koobabbie, other factors may come into play and lead to the extirpation of Carnaby’s 
Cockatoo on the property, as has happened in other areas of the range of the species 
(Saunders 1990).

Knowing that large hollow-bearing trees are being lost on Koobabbie, and re-
placement stock takes a century or more to provide a hollow for Carnaby’s Cockatoo 
(Mawson and Long 1994), artificial hollows were erected and maintained, and derelict 
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hollows formerly used by Carnaby’s Cockatoo repaired. Both strategies were successful 
in increasing availability of hollows and were used. These are essential management 
actions, and should be continued as long as required. However, unless there is a major 
planting of Salmon Gum to replace the losses of existing trees over the long-term, the 
woodland will continue to degrade and there will be few large hollow-bearing trees in 
future (Saunders et al. 2003, 2014a). This illustrates the need to plan for the long-term 
future, as any revegetation now will only result in useable hollows well into the next 
century. In undertaking revegetation it is important to consider the potential impacts 
of climate change. Under changed climatic conditions it may be necessary to revegetate 
with Salmon Gum from the more arid parts of their distribution, as they are likely to 
contain arid-adapted genes (Steane et al. 2014), and may be more likely to survive than 
plants of local provenance (Breed et al. 2013).

As a result of changes in land use in the southwest of WA, conditions have 
favoured some species, which have increased in range and/or abundance, including 
Galah and Western Corella (Saunders et al. 1985, Saunders and Ingram 1995, Barrett 
et al. 2003). Galah and Little Corella have colonised Kangaroo Island, where they 
compete with Glossy Black-Cockatoo (Calyptorhynchus lathami) for nest hollows 
(Garnett et al. 1999). Garnett et al. (1999) noted that “management to check the 
growth of both Galah and Little Corella populations is therefore desirable in Glossy 
Black Cockatoo breeding areas.” Between 1998 and 2004, 486 Little Corella were 
shot (Mooney and Pedler 2005); a rate of 81 birds/year. They regarded this culling 
as successful because the Little Corella population increased in some areas, and no 
nestling Glossy Black-Cockatoo deaths were recorded. However, Harris et al. (2012) 
conducted a population viability analysis of the Glossy Black-Cockatoo (GBC) 
population on Kangaroo Island, and noted that the “reduction in corella management 
indicates this culling was almost negligible because of the resilient GBC population.” 
They ran their model on the basis of two Glossy Black-Cockatoos being lost each year 
to Little Corella, and recommended that culling could be stopped in some areas to 
conserve management resources. No information was provided on Galah control, if it 
took place. At Koobabbie, the rate of culling of Galah and Western Corella was 1256 
birds/year; a rate 15.5 times that of the rate on Kangaroo Island, indicating a much 
higher density of nest competitors. We believe that culling is a management action 
that should be carried out in areas where there is competition for tree hollows between 
over-abundant cockatoos and endangered species.

It is ironic that Koobabbie has been also designated as an IBA for Western Corella, 
when it has been subject to control on the property. Western Corella is common 
through much of the northern wheatbelt with flocks of up to 3,000 seen at Dalwallinu 
(60 km south-east of Koobabbie), Dongara (143 km north-west), Geraldton (197 
km north-west), and Morawa (80 km north) (http://www.dec.wa.gov.au/pdf/plants_
animals/living_with_wildlife/1905_butlers_corella.pdf accessed 21 April 2014). 
Alison Doley is aware that some management for agricultural production favours 
Western Corella and Galah. Unlike properties surrounding Koobabbie, Koobabbie 
continues to maintain sheep with 2,400 breeding ewes. For many years, during the 
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Austral autumn, sheep were fed oats which were spread along the ground in a trail. 
A few years ago, lupins were grown in the area and added to the trail-feed. Sheep 
prefer lupins to oats, and consumed lupins first, leaving most of the oats to Western 
Corella and Galah, which do not feed on lupins. About four years ago, the Doleys 
ceased supplying oats in the trail-feed. In 2013, 12 lick-feeders were purchased, and 
in future sheep will be fed oats and lupins from these, reducing the quantity of oats 
available to cockatoos. Although oats are grown on the property, sheep eat much 
of the grain left in the stubble after harvest. However, as neighbouring properties 
do not stock sheep, Western Corella and Galah have wheat available in stubble 
paddocks in autumn.

Saunders et al. (2014b) suggested that Carnaby’s Cockatoo’s adaptation of Canola 
as a food source may have been beneficial to some breeding populations throughout its 
range. However, the mass deaths at Koobabbie in 2009 and 2012 indicate that further 
investigation is warranted to determine if there are any agricultural chemicals which 
may be adversely affecting populations dependent on Canola. Further, there is a lack 
of understanding about the nutritional benefit of Canola for Carnaby’s Cockatoo, as 
well as the amount of native food sources in addition to introduced plant species, that 
are required to provide balanced nutrition for breeding birds.

If Canola as a feed source is beneficial to Carnaby’s Cockatoo, it should not be 
used to justify the continued clearing of native proteaceous vegetation. This can now 
occur under the WA native vegetation clearing regulations, which allow isolated trees 
and up to 5 ha/year to be cleared without the need for a licence to clear (Environmen-
tal Protection Authority 2004). The cumulative impact of the current level of clearing 
on farms, as well as on road and railway reserves during maintenance activities, contin-
ues to reduce the availability of native food, and increases the dependence on agricul-
tural crops such as Canola and other exotic vegetation such as Pines (Pinus spp.). Any 
potential for an increased level of clearing would only exacerbate matters.

At present there is no quantitative estimate of the extent of private property pro-
viding breeding and feeding habitat for the species. It is also important that the extent 
of suitable habitat is established, and incentives developed to encourage more farmers 
to emulate the example of the Doleys in making nature conservation an objective of 
their management, and monitoring the outcomes of that management.
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database covers the whole of Europe and neighbouring Asian and African countries. Traits were catego-
rised under five main headings: Activity / Energy / Habitat; Phenology; Movement; Sexual Maturity; and 
Morphometry. To ensure that the data were standardised, we defined trait data categories before we started 
compiling data. All entries were checked by at least one other person. The dataset provides a unique source 
for meta-analyses and modelling in ecology and conservation biology.
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introduction

Large-scale analyses of drivers of biodiversity, biodiversity patterns, and global pro-
cesses are gaining increasingly more importance in ecology and conservation science. 
Recent examples of large-scale analyses and meta-analyses on biodiversity investigated 
among other aspects the minimum area requirements of species (Pe’er et al. 2014), the 
scaling behaviour of beta-diversity (Keil et al. 2012), dispersal (Stevens et al. 2010), 
niche ecology (Kearney and Porter 2009, Schulte et al. 2012), the effects of climate 
warming on biodiversity (Deutsch et al. 2008, Sinervo et al. 2010), the effects of frag-
mentation of tropical forests on climate change (Pütz et al. 2014), and the monitoring 
of land use effects on biodiversity (Kuussaari et al. 2007, Kahl and Bauhus 2014).

Species traits play an important role in such large-scale analyses since they can 
affect but also respond to abiotic and biotic processes (Kleyer 1999, Chapin et al. 
2000, Ilg et al. 2012, Pütz et al. 2014). Available trait information for some species 
also enables generalisations to species for which the trait is difficult to measure. This 
is of particular importance in applied biodiversity conservation when decisions have 
to be made for species for which knowledge is limited. .This is the case, for example, 
for dispersal potential in the assessment of connectivity (Stevens et al. 2010, 2013), 
minimum area requirements in the design of conservation areas (Pe’er et al. 2014), and 
the identification of species that are sensitive to fragmentation (Henle et al. 2004). The 
use of traits can therefore greatly improve our understanding of ecological patterns and 
processes and their relevance for the conservation of biodiversity.

Trait data are usually published in widely dispersed literature and therefore dif-
ficult to access. Hence, a compilation of such data in handbooks (e.g. Novosolov 
et al. 2013) or in databases is essential to support the study of large-scale ecological 
processes and patterns. Due to their key role in ecosystem processes, traits for sev-
eral groups of species have been compiled and made available, e.g. several plant traits 
[Klotz et al. 2003 (www.biolflor.de), Kleyer et al. 2008 (www.leda-traitdatabase.org), 
Kattge et al. 2011 (www.try-db.org)], bees [Bees, Wasps & Ants Recording Society 
2014 (www.bwars.com)], syrphids [Speight et al. 2000 (www.iol.ie/~millweb/syrph/
syrphid.htm)], butterflies [Jonko et al. 2014 (http://www.lepidoptera.eu/)], amphib-
ians [Trochet et al. 2014 (http://biodiversitydatajournal.com/articles.php?id=4123)], 
and birds [Koposová et al. 2014 (http://scales.ckff.si/scaletool/index.php?menu=6)]. 
However, we are not aware of a global species trait database that exists for reptiles 
although a general compilation of reptile species names and distribution exists (Uetz 
and Hošek 2014) and a compilation of trait data have been published in printed form 
e.g. for Mexico (Sinervo et al. 2010) and some selected traits of 641 lizard species from 
around the world (Novosolov et al. 2013). For this reason, within the project SCALES 
(Henle et al. 2010) we developed a trait database covering all European reptile species 
since the project was predominantly based in Europe. We mainly aimed to obtain phe-
nological and movement data from across the geographic distribution of the species 
covered. However, other information on activity, energy, habitat, sexual maturity, and 
morphometry were also included.
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The reptile trait database is an open access database. A user-friendly interface in-
cluding browse options is provided on the SCALES project webpage (http://scales.ckff.
si/scaletool/ ), but we also provide access to raw data through Dryad (doi: 10.5061/
dryad.hb4ht). We will keep the database active and update it frequently. We therefore 
invite all of our readers to provide published data that can be added to the database. 
If you are interested in submitting data, please contact the authors and send the re-
spective papers. The data will be checked by us for plausibility (especially non-peer-
reviewed publications) before being entered into the database.

Data resources

Data published through Dryad: http://dx.doi.org/10.5061/dryad.hb4ht
Data published through SCALETOOL: http://scales.ckff.si/scaletool/?menu=6&sub-

menu=0

Project details

Project title: Securing the conservation of biodiversity across administrative levels and 
spatial, temporal, and ecological scales (SCALES) (Henle et al. 2010)

Subproject: Trait database of reptile life histories
Personnel: Klaus Henle (Project Coordinator, Taxonomic Expert, and Data Com-

pilation), Annegret Grimm (Data Compilation and Data Manager), Ana María 
Prieto Ramírez (Data Compilation), Sylvain Moulherat (Data Compilation), Julie 
Reynaud (Data Compilation)

Funding: FP7 integrated project SCALES; EU Grant no. 226852

taxonomic coverage

General taxonomic coverage description: The coverage of this database spans the 
class of Reptilia in the Kingdom Animalia. The database collates the species traits of 
all 122 European species belonging to 43 genera recognized by the SEH Atlas of 2004 
(Gasc et al. 2004), which was the most up-to-date list when we started our data compi-
lation (referred to as SEH taxonomy in the database; Suppl. material 1: Table S1). Since 
the atlas was published, many names changed both at and below the generic level, pri-
marily by splitting previous taxa. Currently, there are several lists of European reptile 
species available (Sindaco and Jeremčenko 2008, Cox and Temple 2009, Speybroeck 
et al. 2010, Mayer 2013, Glandt 2014, Sillero et al. 2014, Uetz and Hošek 2014) that 
deviate from each other in recognition of some taxa and also in terms of geographic 
coverage (see below). Unfortunately, justifications for the acceptance or rejection of 
taxa are rather limited for several of these lists, with Speybroeck et al. (2010) being 
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the most comprehensive one. We therefore largely followed them but evaluated several 
more recent name changes by using original publications. We agree with Speybroeck et 
al. (2010) that the scientific name of a species should only be changed if there is strong 
evidence of it being necessary to reflect evolutionary history and if data are supported 
by sound evidence. On the other hand, further taxon splitting is a necessary conse-
quence of advances in systematics. Strong evidence for us means that a name change 
is backed by sufficiently comprehensive sampling, by consistent evidence from more 
than one character set analysed with appropriate statistical methods, and by sound bio-
geographic scenarios. For inclusion in the database, an additional criterion had to be 
fulfilled: the distribution of the taxa involved must have been worked out sufficiently 
to allow allocation of life-history data to a particular taxon without uncertainty. This 
resulted in 144 recognized species belonging to 59 genera (named current taxonomy in 
the database; Suppl. material 1: Table S1). Deviations from Speybroeck et al. (2010) 
and Sillero et al. (2014) are listed and justified in Suppl. material 2: Table S2. The da-
tabase is designed in such a way that taxa (European or non-European) can be added 
without a need to change the structure of the database. The database can be searched 
using both the original names as in Gasc et al. (2004) as well as the updated names. We 
allocated data that were published before species complexes were split to the relevant 
new taxa if this allocation could be made with certainty.

taxonomic ranks

Kingdom: Animalia.
Phylum: Chordata.
Class: Reptilia.
Order: Testudines, Squamata (Amphisbaenia, Sauria, Serpentes).
Family: Agamidae, Anguidae, Blanidae, Boidae, Chamaeleonidae, Cheloniidae, Colu-

bridae, Dermochelyidae, Emydidae, Gekkonidae, Geomyidae, Lacertidae, Lam-
prophiidae, Natricidae, Phyllodactylidae, Scincidae, Sphaerodactylidae, Testudi-
nidae, Typhlopidae, Viperidae.

Family names of reptiles also changed since 2004. Our list follows the family names 
accepted in the TIGR global reptile database (Uetz and Hošek 2014).

Common Name: Reptiles, Snakes, Lizards, Tortoises.

spatial coverage

General spatial coverage: Our database covers Europe. Neither politically nor geo-
graphically has the boundary of Europe been universally agreed upon and overviews 
of the distribution of reptile species used different existing delimitations (Mertens and 
Wermuth 1960, Böhme 1981, Gasc et al. 2004, Cox and Temple 2009, Speybroeck 
et al. 2010, Sillero et al. 2014). We followed Mertens and Wermuth (1960,) Böhme 
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(1981), and Gasc et al. (2004), using the following delimitation of “Europe”: reach-
ing across the Ural Mountains, the Ural River, the Caspian Sea, the main Caucasus 
Divide, the Black Sea, including the Marmara Sea and the Aegean Sea along the divide 
of the European and Asiatic shelf as well as the European and African tectonic plates 
(Figure 1). Mascarene Island and the Azores, which politically but not geographically 
belong to Europe are currently not included, nor are the Selvagenes and the Canary 
Islands. Our data therefore covers 46 European countries. Speybroeck et al. (2010), 
in contrast, did not include former republics of the Soviet Union that are partially or 
completely within Europe (see Suppl. material 2: Table S2.1). Cox and Temple (2009) 

Figure 1. Spatial coverage of the database. Grey countries (46 European countries plus neighbouring 
countries in Asia, namely Armenia, Azerbaijan, Georgia, Iran, Israel, Kazakhstan, Kyrgyzstan, Lebanon, 
Russia, Syria, Tajikistan, Turkey, Turkmenistan, and Uzbekistan, plus the African countries Algeria and 
Morocco) are covered by the database. This map shows the countries in general and not the region where 
data points are from. This map was created using ArcGIS® software by Esri (www.esri.com) with an Eu-
ropean Lambert Azimuthal Equal Area projection. © Esri, all rights reserved.
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are inconsistent in including Greek islands on the Asian shelf but excluding Medi-
terranean Spanish islands on the African shelf. They further included the Mascarene 
Island, Selvagenes, and the Canary Islands. Our database is designed in such a way 
that countries or other geographic entities can be added without a need to change the 
database structure.

As we wanted to cover European species comprehensively, we also included ex-
tra-limital data in the database. We found data for neighbouring countries in Asia 
(Armenia, Azerbaijan, Georgia, Iran, Israel, Kazakhstan, Kyrgyzstan, Lebanon, Rus-
sia, Syria, Tajikistan, Turkey, Turkmenistan, and Uzbekistan) and Africa (Algeria, 
Morocco) (Figure 1). In addition, case studies from the USA about the invasive 
European gecko Hemidactylus turcicus are included as such data are highly valu-
able for an assessment of invasion processes of European species. The designation of 
geographical entities in the database does not imply the expression of any opinion 
whatsoever on the part of the data compilers concerning the legal status of any 
country, territory or area, or of its authorities, or concerning the delimitation of 
its frontiers or boundaries. It is worth noting that in some older references, older 
geographic names are used that are difficult to match with modern names; in such 
cases we either retained the old names or used a more inclusive geographic name that 
encompasses the name in question. The database enables all geographic names to be 
listed that are used in the database.

temporal coverage

Currently until mid-2014, life-history trait data were published primarily after the mid-
1960s and for many Eastern and southern European taxa primarily in the last 10 years.

Methods

Method step description: We carried out a literature survey in the form of focal spe-
cies surveys of all European reptiles. A very useful starting point was the Handbook 
of European Reptiles (in German) (Böhme 1981), as well as French (Arnold and Ov-
enden 2010) and Spanish (Escarré and Verricard 1981, Salvador and Marco 2009) 
handbooks and our own extensive collection of life-history publications. These sources 
already compiled a substantial part of the relevant publications. For species, for which 
we retrieved no data in above sources, we conducted targeted searches in the ISI web of 
knowledge, in Google Scholar, and in Google published in English, German, French, 
and Spanish. We tried to trace any potentially relevant sources cited in the publica-
tions found from these searches. Moreover, we presented our project at herpetological 
conferences to expand our literature sources from experts. However, we only entered 
data from published literature into the database. The publications that were used to 
provide data for the database are listed in References. Together, these sources covered 
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all European reptile species except a few recently described taxa, such as Dalmatolacerta 
montenegrina, for which no life-history data have been published.

Study extent description: All European reptile species are covered in the database 
without accounting for temporal restrictions as to when the study was conducted.

Sampling description: Before starting the literature search, we decided upon a 
database structure (Figure 2, described below) and the main topics to be covered. The 
main topics selected were activity and energy traits, phenological traits, movement/
dispersal traits, age at sexual maturity, and morphometry. The literature was searched 
using specific key words linked to these topics. Detailed definitions of the categories 
are given below.

Quality control description: All data entries were checked by at least one person 
other than the one who entered the data. This check also included a plausibility check 
of the original data. We did not include any data in the database that we could not 
allocate with certainty to the categories used by us or that were ambiguous in terms of 
the entity to which they applied.

Figure 2. Graphical representation of the database including relationships between the basic tables (Species; 
References; Countries) and the trait tables (Activity / Energy / Habitat; Sexual Maturity; Phenology; Movement; 
Morphometry).
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Dataset descriptions

Our database comprises two sections: basic information and actual trait data. In the 
basic section, general information about taxonomy, references, and countries is stored. 
The trait data section is divided into the following: Activity / Energy / Habitat; Phenology; 
Sexual Maturity; Movement; and Morphometry. 

Object name: Trait database of reptile life histories
Character encoding: UTF-16
Format name: Microsoft Access Database
Format version: Microsoft® Access® 2010 (14.0.7104.5000) SP2 MSO (14.0.7116.5000) 

as part of Microsoft Office Professional Plus 2010
Distribution: http://scales.ckff.si/scaletool/?menu=6&submenu=0 and http://dx.doi.

org/10.5061/dryad.hb4ht
Publication date: 2014–01–21 and 2014–12–08, respectively
Language: English
Licenses of use: Data have been made available under the Creative Commons CC-

Zero Waiver: http://creativecommons.org/publicdomain/zero/1.0/. Thus, the 
data can be freely used for non-commercial purposes provided the source is ac-
knowledged. See Creative Commons for more details of the conditions of usage.

Metadata descriptions

Our relational database is divided into a basic section and the actual trait section 
(Figure 2). The basic section comprises three tables: Species, which lists all 144 European 
reptile species that we recognised (see the section on taxonomic coverage); References, 
listing all published sources for data extraction (166 in total); Countries, listing 46 
European, 14 Asian, and 2 African countries and the USA, which is where reptile trait 
data stem from including their ISO 2, ISO 3, and ISO No codes. In addition, we have 
names for supranational geographic regions, such as the Caucasus or the Mediterranean, 
for data where it is not clear from the original source to which country they apply.

In the trait data section, five main tables were created according to the five main 
topics (Activity / Energy / Habitat; Phenology; Movement; Sexual Maturity; Morpho-
metry). All tables are provided with species ID, country ID, country specifications 
(geographic regions within countries if published), altitude (if published), latitude (if 
published), longitude (if published), and reference ID so that each data point can be 
tracked correctly. The definitions and contents of the five tables are described in the 
following. The words in italics stand for column headings. Capital letters are used for 
the five main tables.

Activity / Energy / Habitat: Data about daily activity describe activity peaks during 
the day including activity switches within the year. These activity patterns were de-
fined as ten different categories: (1) cn: crepuscular/nocturnal; (2) dn: active the entire 
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day, no circadian rhythm (diurno-nocturnal); (3) tn: nocturnal, but thermoregulation 
during the day possible; (4) hu: humidity dependent, no circadian rhythm; (5) 1: one 
activity peak during the day throughout the year (unimodal); (6) 2: two activity peaks 
during the day throughout the year (bimodal); (7) as1a: activity shift: summer: one 
peak during dusk or night (crepuscular or nocturnal), spring/autumn one peak during 
the day (diurnal) [it is possible that species show bimodal activity between the switch 
diurnal to nocturnal]; (8) as1b: activity shift: one peak during the day throughout the 
year, shifted to the morning during the summer; (9) as2a: activity shift: in summer two 
peaks during the day, spring/autumn: one peak during the day but diurnal throughout 
the year; (10) as2b: activity shift: summer: one peak during dusk or night (crepuscular/
nocturnal), spring/autumn: two peaks during the day (morning/afternoon).

Data about energy accumulation denote when species accumulate energy for re-
production (i.e., spring, summer, autumn, or from the previous year – text strings). 
Moreover, their habitat (free text string using general habitat descriptions) and their 
maximum longevity (in years) were listed.

Phenology: Phenological traits refer to four phases: the first and second breeding 
season, aestivation, and hibernation. Each phase is specified by a specific start and end 
month. If a publication mentioned a range for the start or end month for a particular 
area, we used the first month mentioned as the start month and the last month men-
tioned as the end month for the breeding seasons (to specify the maximum duration 
available for breeding). For hibernation, in contrast, we used the last month to specify 
the start month and the first month to designate the end month; thus hibernation data 
allow a calculation of the maximum time (in months) available for activity.

Movement: Data on movement cover true dispersal, home range movement, and 
migration because most references do not sufficiently differentiate between these pro-
cesses. However, if data were sufficiently explicit, we solely used dispersal data. Move-
ment data larger than 250 m were rounded off to 250 m. The reference time span is 
not necessarily one year but depends on the study described in the original paper. 
The data in the database are the highest values given by the reference publication for 
a specific reference area. If a range of maximum dispersal/movement was given in the 
reference, we provide the lower value in the column maximum movement low and the 
higher value as maximum movement high. If no range was given, data were allocated to 
the latter. Furthermore, passive dispersal provides information about whether a species 
may be dispersed passively through human activities. In addition we provide informa-
tion about the type of locomotion (e.g. swimmers, climbers, runners, or combinations 
between them).

Sexual Maturity: Age at sexual maturity (in months) was defined as the minimum, 
median, or mean age for males respectively females. The minimum age refers to the low-
est age at sexual maturity provided for a specific reference for a specific country. The 
median age is the age at which 50% (usually most) individuals reach sexual maturity. 
Mean age is only given if explicit values were provided by the relevant publication.

Morphometry: In the last section, morphometric data are provided as minimum, 
maximum, and mean values (depending on the data given in the consulted literature). 
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If published, a sample size was listed. Traits were specified as mass, length, width, 
number, or size. These traits always refer to denoted parts of the population (Who), 
such as females, males, hatchlings, juveniles, eggs, or clutches. This structuring allows 
a maximum number of possible combinations, while using minimal memory space.

Since our database was built as a relational database, IDs between the basic and the 
trait tables were linked to each other for fast searches and queries (Figure 2).

Metadata language: English
Date of metadata creation: 2014–09–12
Hierarchy level: Database
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supplementary material 1
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Authors: Annegret Grimm, Ana María Prieto Ramírez, Sylvain Moulherat, Julie Rey-
naud, Klaus Henle
Data type: Table.
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Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

supplementary material 2
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