
Dear Earthwatcher! 
 
Monitoring mammal populations is an important task in our ever-changing environment. 
Many mammals are sensitive indicator species for changes in their natural habitat. Setting 
up long-term monitoring sites in a variety of different climatic and geographic regions is 
paramount to establishing trends in our natural environment. Understanding the effects and 
impacts of a diversity of factors, such as climate change or different management practices, 
can only be achieved with long-term scientific research.  
 
Our Mammals of Nova Scotia project started in May 2007 as a logical progression of our 
previous Earthwatch Mammal Monitoring project in Wytham Woods in the UK. In both 
projects we aim to monitor all mammal populations in the study area to establish long-term 
trends in their abundance and distribution as ñpart of the bigger pictureò of climate change, 
as well as short-term population fluctuations in relation to environmental changes on a local 
scale. 
 
However, mammal monitoring can be very labour intensive work with many hours of 
watching and searching for field signs. The help of volunteers can make a real difference in 
this context. Finding, testing and evaluating appropriate methods of training volunteers and 
involving non-professionals in scientific research is therefore just as important to us.  
 
At the end of our first field season it is time to reflect on what we achieved during the past 
year. We feel that it was an extremely successful season and the Project benefited greatly 
from your efforts. Not only did you help us to collect robust ecological data on a variety of 
species, but you also put in a lot of sheer physical effort with a number of practical tasks in 
the field.  
 
Through your efforts, we now have a basic geographical map of our field site, with some 
botanical data already added as a first step towards our planned multi-layered GIS Map of 
Cookôs Lake; the site is more accessible due to the new paths, and we can now also trap in 
harder-to-reach areas; we have an improved site-specific species list and baseline data on 
the population densities of deer and a variety of small mammal species, together with more 
detailed information on the effects of forestry on small mammal populations; and we could 
collect valuable information and experience on the suitability of different methods for the 
training of non-professional volunteers. 
 
Our thanks go to all our volunteers, the Earthwatch Institute in Boston and in Oxford for 
supporting the project and recruiting volunteers on our behalf, and to Eric Kightley, our 
always-happy-(and-happy-to-help) field assistant of teams 2 and 3. 
 
Thanks for making our work so enjoyable! 
  
 Best wishes                       

    

    Christina D.Buesching & Chris Newman  
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Research report 
 
The project is designed to address how ecosystems, biodiversity, landscapes and wildlife 
are being affected, and often degraded by human activities, frequently leaving habitats and 
species threatened or endangered. This ranges in scale from anthropogenic impacts on the 
global atmosphere to local scale impacts of exploitation or pollution. Through long-term 
monitoring and quantitative research it is essential to develop a thorough understanding of 
the processes necessary to maintain and enhance biodiversity.  
 
While the explicit aim of our project is to establish from long-term data how representative 
terrestrial mammal populations will likely respond to changing environmental conditions, we 
strive to collect our data efficiently. Thus, we structure our monitoring efforts in such a way 
that records can be analysed with three complimentary objectives: Firstly, establishing high-
quality baseline data to reveal long-term population trends; Secondly, to investigate short-
term population-dynamic responses to local management and manipulation; and thirdly to 
evaluate the best training programmes and deployment for volunteer helpers in scientific 
data collection. 
 
However, building up databases suitable to long-term species monitoring is difficult, as it 
requires by definition to monitor the same populations at the same study site over a (large) 
number of years, making the guarantee of scientific access to these sites a prerequisite. 
 
 

Objective 1: Establishing a new field site for long-term species monitoring at 
Cookôs Lake 
 
Our principal field site at Cook's Lake comprises 330 acres (134 ha) of a diverse, but 
typical, mixture of coniferous and deciduous woodlands, hay meadows, ponds, streams, 
wetlands, and a lake. As the site is exclusively under the projectôs management, Cookôs 
Lake is ideal as a long-term monitoring site to assess the effects of environmental and 
climatic changes on terrestrial mammals in temperate ecosystems. Simultaneously, it offers 
the opportunity to set up specific small-scale experimental treatments investigating the 
effects of anthropogenic manipulation of the environment, such as different management 
strategies. 
 



Creating a research site suitable for volunteer-based long-term monitoring requires many 
different parameters to be met. While the site has to remain as undisturbed as possible to 
ensure that wildlife continues to behave naturally, it also has to be accessible and negotiable 
by less physically-able volunteers, and provide rudimentary facilities. 
 
Trail Management: With the help of our volunteers we kept the existing 2.5km of tracks 
through the site free from encroachment, and also established around 1.8km of new trails. 
Additionally, we integrated 15m of boardwalks into these trails to protect fragile marsh 
habitats used by frogs and toads for spawning. The network of trails not only makes the field 
site more accessible, but also enables volunteers to undertake systematic field sign 
transects. Transect surveys are a technique that can be applied on a large scale in many 
different settings to collect data on species presence and relative abundance. Thus, 
evaluating best practice for volunteer involvement is a project priority.  
 
Bat Boxes: Suitable roosting sites are often a limiting resource for bats in secondary 
woodland, as large hollow trees are rare in this habitat type. Over the past season, our 
volunteers built and deployed 27 bat boxes in the vicinity of our base camp to establish a 
basis for a regular bat census. 
 
GIS Mapping: Detailed geographic maps depicting environmental features as well as habitat 
types are an important prerequisite to long-term monitoring and research to ensure inter-
annual comparability of the data collected. Also, in the context of working with volunteers, 
detailed field-site maps are essential to help people orientate themselves and visualise the 
spatial context of their work (Figure 1). 
 
Pairs of volunteers in each team used handheld GPS devices to map specific environmental 
features in the study area. We have thus been able to map all existing trails at Cookôs Lake, 
along with the edges of the grasslands and the four clearings, one brook and parts of the 
swamplands. We will continue to add environmental features to this basic field map over the 
next season. The resulting map of the study site will form the basis of a multi-layer GIS 
database depicting habitat types and important biological resources, such as clumped food 
resources (e.g. fruit trees), nest boxes, animal burrows, etc. as well as the exact location of 
our monitoring grids and field sign records (e.g. porcupine latrines). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 1.  Map of the study site, Cookôs Lake. 



Establishment of a Site-Specific Species List: Ecology is the study of the factors affecting 
distribution and abundance of populations. Thus, a comprehensive site-specific species list 
is an important prerequisite to ecological monitoring. It enables us not only to relate fine-
scale fluctuations in species distribution to environmental factors, but also to gather detailed 
knowledge about inter-specific interactions within one ecosystem. 
 
Ultimately, we aim to establish a detailed species list for Cookôs Lake representing all plant 
and animal taxa. Due to the enormity of this task we concentrated primarily on mammals 
with our 2007 Earthwatch volunteers, adding 12 species to the preliminary list, we started 
with students in 2006. Species presence was determined either by direct observation or 
identification of field signs, recorded in Table 1.  
 
 

Table 1.  Species presence of mammals at Cookôs Lake 
(A= Animal, B= Bones, T= Track, D= Droppings, R= Resting 
Site/Den, F= Feeding Signs, H= Hair/Fur, V= Vocalisation) 

 

Species 2006 2007 

White-tailed Deer A,T,D A,B,T,D,H 

Snowshoe Hare T,D A,T,D,H 

Porcupine A,T,D,F A,B,T,D,R,F,H 

Beaver R T,R,F 

Muskrat  D 

Eastern Red Squirrel A,F A,T,D,F 

Flying Squirrel A  

Chipmunk A,D,R,F A,T,D,R,F 

Groundhog  D,R 

Meadow Vole A A,D,R,F 

Red-Backed Vole A A,D 

Bog Lemming  A,D 

White-footed Mouse  A,D 

Deer Mouse A,D A,B,D 

Meadow Jumping Mouse A A,B 

Woodland Jumping Mouse  A 

Little Brown Bat  A,V 

Eastern Pipistrelle  A,V 

Common Shrew  A A 

Pygmy Shrew A A 

Short-tailed Shrew A A,D 

Striped Skunk  D,F 

American Mink  D 

Fisher  D,F 

Otter  D 

Raccoon T,D A,B,T,D,F,H 

Black Bear D T,D 

Red Fox D T,D,F 

Eastern Coyote D T,D 

Bobcat  T,D 

 
 
 
 



Objective 2: Establishing high-quality baseline data to reveal long-term 
population trends 
 
Baseline Surveys (Distribution & Abundance): Assessing changes in a speciesô 
distribution or abundance, and attributing these changes to specific factors, is only possible if 
accurate baseline data are accessible as background information, which can then be related 
to other factors such as habitat variation or climate change.  
 
a) Field Sign Transects 
Broad Cove 
The 8km coastal transect along Broad Cove provides an introduction to field sign surveys to 
our volunteers. All teams found droppings of porcupines, snowshoe hares, deer, raccoons, 
and coyotes. Two teams also found bobcat and mink scats and otter spraints. Feeding 
remains of raccoons, foxes and squirrels were noted throughout the season. Footprints of 
deer, raccoons, squirrels, mink, and bobcats were also recorded on most transects. Besides 
a variety of birds and reptiles/amphibians all teams saw animals of at least two of the 
following mammal species: snowshoe hare, white-tailed deer, porcupine, meadow vole, 
squirrel, chipmunk, muskrat, mink, grey seal, common seal, and beaver. 
 
Volunteers used their newly acquired skills in recognising mammal field signs in subsequent 
surveying work at Cookôs Lake to expand the site-specific species list as well as to collect 
data on the relative and absolute abundance on a variety of species. 
 
Bear Surveys at Thomas Raddall Provincial Park 
This park is a coastal nature reserve south of Liverpool comprising 1675 acres with several 
picnic tables and overnight camping facilities. In recent years tourist numbers to Nova Scotia 
have declined due to an increase in fuel prices and the strong Canadian dollar. Thus, the 
coastal trails in the reserve are generally almost deserted.  
 
Due to the large quantities of blueberries in the area, the park has always been frequented 
by black bears in late summer/autumn. Increasingly, however, bears have taken to using the 
park year-round, and their field signs can be found readily throughout the area. We aim to 
record all bear droppings along the coastal trail with each team to establish seasonal and 
inter-annual variation in bear activity in this area. Unfortunately, bad weather resulted in 
cancelling the visit to Thomas Raddall for 2 teams. With the other three teams we found 
between 5 and 31 piles of bear droppings, indicating permanent bear presence throughout 
the year. We will compare our findings at Thomas Raddall to other studies investigating 
(changes in) home range use by black bears. Our observations on early spring/late autumn 
activity patterns will also be used to examine hibernation regimes in response to climate 
change. 
 
b) Camera Traps 
Modern digital camera traps with built-in passive infra-red motion detectors are increasingly 
regarded as a reliable and comparatively cost and labour saving census technique; ideal for 
remote locations.  
 
To aid in creating a species list for Cookôs Lake as well as to evaluate the suitability of this 
relatively new technique for the use by amateur volunteers, we deployed 6 camera traps with 
each team, totaling 174 trap nights. We took 71 photographs of animals, capturing images of 
raccoons, deer, snowshoe hares, chipmunks, squirrels, crows and ravens.  
 
However, it became evident that this monitoring technique requires very specific explanation 
and demonstration in the field to ensure that amateur volunteers set up camera traps 
correctly. In many cases the volunteers underestimated the importance of ensuring a 



completely unobstructed field of view for the camera, resulting in grass blades or small 
branches swaying in the wind triggering the cameraôs motion detector, thus taking pictures of 
ñnothingò. Similarly, the cameras were often angled too acutely towards the ground and 
missed the animal that ate the bait provided. Cameras set-up near water bodies also 
suffered high reflection of the flash on the water surface, over-exposing the picture. 
Nevertheless we collected a library of interesting and informative images, showing both 
presence and behavioural activity. We will continue to develop appropriate explanation and 
training in the optimal deployment of camera traps, as this is a technique which could be 
used in the future by volunteers to affect large-scale biodiversity monitoring programmes 
(e.g. garden and school-yard surveys). 
 
c) Small Mammal Trapping: Long-term Monitoring 
Small mammals are the preferred prey for many mammalian and avian predators. Small 
rodent abundance can differ greatly inter-annually, and typically, predator numbers respond 
to changes in prey abundance with a one breeding season delay. As inter-annual variation in 
rodent density usually varies according to a cyclical pattern (due to their maximisation of 
reproductive output and following over-exploitation of food-resources leading to population 
crashes), they are sensitive environmental indicators. Their numbers respond rapidly to 
environmental perturbations, such as habitat modification (forest management), climate 
change or altered predator pressure (over-hunting, disease etc). 
 
To record baseline data on yearly small mammal abundance, we established two long-term 
monitoring sites. Site-1 consisted of 50 trapping points in grassland and 50 in adjacent 
(predominantly coniferous) forest; Site-2 comprised 50 trapping points in hardwood bush and 
50 in adjacent (predominantly deciduous) forest. Both grids were trapped for three 
successive nights. Trapping at these long-term monitoring sites was restricted to the first 
team in spring to establish small mammal over-wintering survival, and the last team of the 
season which recorded autumn peak numbers.  This is due to it being too hot to trap on 
open grassland in mid-summer.  
 
Volunteers were trained in trap deployment, trap checking and rodent handling; recording 
species, sex, age, reproductive status and weight for each capture. The numbers caught 
were interpreted into actual number present using a simple capture-mark-recapture formula 
intended for the use of amateur naturalists: 
 
P= (N+R) x M / R 
 
where   P = Population estimate 
 M = Total number of individuals marked 
 R = Total of animals recaptured that day 
 N = Total number of new/ unmarked animals that day 
 
 
d) Deer Census: Dropping Counts 
Historically, white-tailed deer in Nova Scotia were excluded from many habitats, especially at 
high elevation, by snow, providing moose with refuges from deer during the winter season. 
However, with climate warming, reduced snow cover and parasite transmission (namely an 
infectious nematode worm, Parelaphostongylus tenuis, which is spread by white-tailed deer 
and causes fatal brain degeneration in moose), white-tailed deer numbers are now 
increasing to the point of competitive exclusion of moose across mainland Nova Scotia, 
causing great concern (deer are a major cause of road traffic accidents and spread ticks 
infected with Lyme disease). Thus white-tailed deer, in combination with habitat loss and 
human disturbance (e.g. all-terrain vehicles) have caused a severe decline in the moose 
population which is now listed as threatened in the province.   
 



Wildlife managers have long recognized the need for an efficient means of estimating white-
tailed deer, Odocoileus virginianus, populations. A range of methods can be used to survey 
deer, from visual observations and distance sampling, to recording field signs. A frequently 
used method is to carry out ñstanding crop faecal countsò (i.e. pellet group inventories) using 
10x10m survey plots.  Deer abundance is extrapolated using data on faecal accumulation 
rates (which are known from captive deer), degradation rates and the overall estimated land 
area utilised by the population. 
 
If a sufficient number of quadrats are sampled across all habitats (power analysis suggests 
at least 80 quadrats), then an accurate estimate of the white-tailed deer (or moose) numbers 
that must be present to leave the ñcarpet densityò of droppings observed, can be calculated. 
Three other factors interact with this estimation: 
 
¶ The ability to find all droppings present 
¶ The ability to identify droppings accurately to species level 
¶ The degradation rate of droppings, providing the accumulated standing crop. 
 
Over the 2007 field season we randomly selected 163 10x10m quadrats to accurately 
represent all habitat types and cover the Cookôs Lake Reserve area. Sub-teams of 5-6 
volunteers surveyed each square by lining up and searching through the plot carefully. The 
number of deer droppings was noted (a dropping was defined as a pile of 5 or more pellets) 
along with all other mammal faeces.  
 
On the basis of 1 white-tailed deer producing on average 25 droppings per day, and an 
average dropping degradation rate of 40 days in this habitat and climate, our results suggest 
a density of 0.12 deer/ha, or 12 deer per km2. This translates into ca. 16 deer using the area 
of Cookôs Lake.  However, these results are approximately 13-fold higher than the 
government figures of a mean density in this province of 0.93 deer/km2 (numbers from 2003 
governmental report) for mainland Nova Scotia - although Lunenburg County is recognised 
as a deer ñhot-spotò. In the 2008 field season we will set up clearance plots to re-affirm 
faecal degradation rates as well as try to identify and count individual deer captured by 
camera traps. 
 
e) Weather Stations: Recording the Climate 
To relate short-term variation as well as long-term changes in small mammal density in 
these monitoring plots to weather patterns, we set up two basic weather stations: one in the 
open at the highest point of the grassland, the other in adjacent dense coniferous forest. 
Both stations were visited each day at lunchtime, recording wind speed, wind direction, 
temperature and total rainfall minus evaporation over the preceding 24 hours. As expected, 
the grassland station recorded much more dramatic variation in all parameters than the 
sheltered forest station, correlating with more erratic trapping success in the open. Small 
mammal activity patterns can be affected by weather for several reasons: 1) Due to their 
small body mass they are susceptible to thermal stress, suffering hypothermia from getting 
wet, or hyperthermia in the baking sun; 2) Wind impairs their ability to detect predators and; 
3) Availability of their invertebrate prey is dependent on temperature and humidity. 
Monitoring will reveal the long-term effects of climate change on small mammal abundance. 
 
 



Objective 3: Sustainability & Resource Management: Investigating short-term 
population-dynamic responses to local management and manipulation 
 
Forestry and paper-mulch production is one of Nova Scotiaôs most important remaining 
industries. As part of a governmental initiative to enhance forest quality throughout mainland 
Nova Scotia, 4 forest compartments at Cookôs Lake were clear-cut and replanted in 1992 
with a mixture of native coniferous and deciduous trees (see Figure 1).  
 
a) Small Mammal Trapping: Assessing the Impacts of Forest Management 
To evaluate the effects of this management strategy on the native small mammal fauna, we 
established 8 trapping grids covering 1 ha each. With each of the 4 summer teams we 
trapped 1 Clearing grid and 1 Forest grid adjacent to the respective clearing.  
 
100 Longworth traps were set for 3 nights first in the clearing and then moved to the forest 
grid. Traps were checked twice daily, and population size was quantified over the trapping 
interval using capture-mark recapture (CMR). 
 
Even after 15 years, the ñnatural forestò is still ñricherò in terms of both small mammal 
diversity (on average 5 different species compared to 4 in the clearings), and abundance. 
The forest has on average twice as many red backed voles (12.6/ha) compared to the 
clearing (5.5/ha), and 3 times as many chipmunks (8.7/ha) than in the adjacent clearing 
(2.5/ha). Interestingly, due to a late spring, mice were scarce across both habitats through 
2007. 
 
b) Assessing Habitat Quality: Botanical Surveys 
To investigate the relationships between habitat parameters and small mammal abundance 
further, we conducted botanical surveys in each trapping grid, recording the species and 
circumference of each tree higher than 1 foot.  
 
For small trees and saplings the circumference was measured at the base just above the 
roots, for trees with a base circumference above 25 cm the circumference at breast eight 
(cbh) was recorded. Aided by the botanical skills of our intern, Eric Kightley, our volunteer 
teams carried out 20 surveys in each trapping grid, using 10x10 quadrats. Sub-teams of 5-6 
volunteers lined up on one side and walked through the grid, measuring each tree with a 
flexible measuring tape. 
 
The replanted clearing plots had on average a 1.8 times higher diversity of tree species than 
the ñnaturalò forest, whilst the average tree circumference was approximately 10% of that of 
the forest trees. However, survival rates of the planted saplings varied considerably with 
around half of Clearing 4 and one third of Clearing 3 having turned into tree-free swamp after 
the management was implemented. These wetlands are now colonised by bog lemmings, 
but donôt support red-backed voles or chipmunks. To account for this unusually significant 
variation in habitat parameters we will continue to survey and trap these clearings and 
adjacent forest grids in the next field season. 
 
 



Objective 4: Optimising the Use of Non-Professional Volunteers in Scientific 
Data Collection 
 
As the impacts of climate change and industrialisation on the biosphere become more 
imminent, threatening not only precious ecosystems but also the very foundations of human 
civilisation, governments are increasingly subject to national and international obligations 
calling for biodiversity monitoring and appropriate mitigation; a task so substantial that there 
is a recognised need to engage and involve the publicôs assistance in collecting these data.  
 
However, many professional scientists doubt the validity of scientific data collected by 
volunteers. Building on our involvement in the UK with establishing a national ñMammal 
Tracking Partnershipò, we continue to assess the quality and veracity of volunteer data in 
comparison to data collected by professional scientists, as part of this new project. As data 
quality is strongly affected by observer effects, we place a strong emphasis on evaluating 
different training techniques and on considering factors influencing the suitability of individual 
volunteers for specific tasks. 
 
In our first field season we were joined by 56 volunteers distributed over 5 teams.  Except for 
our first team in May, all teams were fully booked. Overall, we had 38 female (=68%) and 18 
male (=32%) volunteers. Whilst most volunteers were single and did not know anyone else 
on the project before signing up, 4 were couples, and we also had one father/daughter and 
one father/son pair. Our oldest volunteers were 74, while the youngest was 18 years of age 
(Figure 2).  
 
Although we had volunteers from 4 different continents, representing 9 nationalities, the vast 
majority were either American (54%) or British (30%). Interestingly, while the sex ratio 
amongst Americans was almost equal (60% women to 40% men), amongst the 17 British 
volunteers only 3 (=18%) were male (echoing findings from our UK Project) (Figure 3 and 
Figure 4). 

Figure 2.  Age profile for male and female volunteers on Earthwatch teams in 2007 

 
 
 
 
 
 
 
 
 
 
 
 
 


