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EXECUTIVE SUMMARY 
Assessed as Endangered by the Committee on the Status of Endangered Wildlife in 
Canada, Williamson’s Sapsucker (WISA) is considered to have the highest dependence 
on ants during the breeding season of all North American woodpeckers. Ants are 
gleaned primarily from the trunks of live trees, and are the primary food fed to the 
nestlings, with carpenter ants (Camponotus spp.) believed to form a large component of 
the diet. Recent research on the breeding requirements of WISA found that nest 
productivity was influenced by ant-nest density and that ant-nest density was, in turn, 
significantly correlated with coarse woody debris (CWD) volumes. This led to the 
conclusion that CWD volumes could be used as an indicator of WISA breeding habitat 
quality. 
 
This indirect linkage of WISA nest productivity and CWD volumes is held together by 
the untested assumption of a high level of dietary dependence of WISA on CWD-
associated ants. Patterns of dietary selection can be derived from WISA nestling fecal 
sac samples, removed and dropped from the entrance of the nest hole by adults, 
containing invertebrate fragments reflective of what the young have been fed. The aim 
of this multi-year study is to examine the extent of dietary dependence of WISA on 
CWD-associated ants through a comparison of ant abundance and availability within 
WISA nest areas, to dietary use derived from fecal sac samples collected in 2006 and 
2007 in those same nest areas. This report presents the preliminary findings of Year 1 
of the study, focused on the field assessment of ant abundance and availability within 
WISA nest areas of varying productivity. Year 1 activities have also included the 
development of a fecal sac processing protocol for use in Year 2 of the study, and the 
compilation of an ant reference collection to guide this processing. 
 
Twenty-six WISA nest areas were selected for study, using a random stratified sampling 
design, from the pool of known nest areas distributed in three distinct geographic 
regions (Western, Okanagan-Boundary, and East Kootenay) across the breeding range 
of WISA in the southern interior of British Columbia. Candidate nest areas for study had 
both fecal sac and nest productivity data available in at least one year (2006 or 2007). 
Ant abundance was determined from ant-nest count transects and ant availability was 
measured using trunk traps to sample arboreal-foraging ants. 
 
A total 11 observed species were recorded in ant-nest surveys across all WISA nest 
areas. These species were consistently present across the three geographic regions, 
with some minor variation in the Eastern Kootenay region due to small number of WISA 
nest areas surveyed. Trunk trap results produced a total of 15 observed species, with a 
predicted species richness of 17. Ant-nest surveys failed to capture some species 
caught in the trunk traps. In particular, Camponotus species appeared more frequently 
in the trunk traps than would have been anticipated based on the ant-nest surveys. 
However, these inconsistencies may be artifacts of survey bias and data quality, and 
will be explored further in Year 2. 
The Western region, dominated by ponderosa pine, Douglas-fir and trembling aspen, 
differed from the Okanagan-Boundary and East Kootenay regions, both of which tend to 
have WISA nest areas dominated by larch forests. Nest densities for all ant species 
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were significantly higher in the Western region. Formica species and Myrmica species 
occurred more frequently in trunk traps in the Western region than elsewhere. Apparent 
differences in ant communities for the three geographic regions will be explored in more 
depth in Year 2, in conjunction with dietary results. Potential relationships between ant 
availability and use by WISA and WISA nest area habitat characteristics (e.g. CWD 
quantities) will be explored after the dietary analyses are completed in Year 2. 
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1.0 INTRODUCTION 
Williamson’s Sapsucker (WISA), Sphyrapicus thyroideus, is a medium-sized cavity-
nesting woodpecker that has been assessed as Endangered by the Committee on the 
Status of Endangered Wildlife in Canada and has been placed on Schedule 1 of the 
Species at Risk Act. Recent research to inform recovery planning has focused on 
characterizing the primary breeding requirements of WISA within its breeding range in 
southern British Columbia: trees suitable for nest cavity excavation, sap trees, and 
invertebrate prey. 
Of all North American woodpeckers, WISA is considered to have the highest 
dependence on ants during the breeding season (Beal 1911). Ants are the primary food 
fed to the nestlings, and are a major adult breeding season food source, with carpenter 
ants (Camponotus spp.) believed to form a large component of the diet (Beal 1911, 
Crockett 1975, Stanford & Knowlton 1952, Otvos & Stark 1985). These ants are 
gleaned primarily from the trunks of live trees (Stallcup 1968, Crockett 1975). Gyug et 
al. (unpubl. manuscript) in a study of the relationship of the abundance of foraging 
resources to WISA nest productivity, used Bayesian Belief Network (BBN) modeling to 
relate ant and sap tree availability in the 16 ha area around active nests to WISA 
breeding productivity. They found that nest productivity was little affected by sap tree 
availability but was affected by total ant availability (measured as ant-nest density). In 
turn they found that ant-nest density was correlated with relatively high coarse woody 
debris (CWD) volumes. On this basis they concluded that CWD volumes could be used 
as an indicator of WISA breeding habitat quality and recommended specific CWD 
retention targets for the maintenance of high quality habitat. These recommendations 
are under review by the WISA Recovery Action Plan team as part of a process to 
develop stand management objectives for the species. 
Very little known WISA breeding habitat occurs in protected areas in BC; most occurs 
on provincial Crown land available for timber harvesting, with some on federal land, 
First Nations reserves, and private land. As such, the WISA recovery strategy will be 
heavily reliant on the implementation of stand-management objectives for the 
maintenance of WISA breeding habitat. The Recovery Team requires evidence that an 
emphasis on stand-level objectives such as CWD targets has a solid ecological basis 
and therefore has a high likelihood of success in advancing this species’ recovery. 
Forest licensees and forest regulatory agencies also require confidence in the utility of 
proposed CWD management recommendations as they have implications for the 
amount of merchantable wood that may be required to be left after harvesting, 
potentially exceeding allowable residue and waste benchmarks and resulting in the 
imposition of waste penalties on licensees. 
The indirect linkage of WISA nest productivity and CWD volumes made by Gyug et al. 
(unpubl. manuscript) is held together by the untested assumption of a high level of 
dietary dependence of WISA on CWD-associated ants. Until this assumption is tested, 
the effectiveness of stand-level CWD retention targets for the maintenance of high 
quality WISA breeding habitat is open to question. 
WISA remove fecal sacs that contain invertebrate fragments from the nest, and usually 
drop them from the entrance of the nest hole. This allows for fairly simple collection of 
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samples reflective of what the young have been fed. Fecal sac analysis for invertebrate 
composition has been used to determine the diet of Dippers (Ormerod 1985), and scat 
analysis has been used to determine the relative diet composition of pileated 
woodpeckers (Beckwith & Bull 1985; Raley & Aubry 2006) and three-toed woodpeckers 
(Pechacek & Kristin 2004). When coupled with data on relative prey availability, fecal 
sac analysis can be used to examine patterns in dietary selection. For example, 
Omerod (1985) was able to develop prey electivity indices for Dippers by comparing the 
invertebrate composition of nestling fecal sac and adult feces to the macro-invertebrates 
present in foraging streams. Pechacek & Kristin (2004) used fecal sac analysis to 
demonstrate that three-toed woodpeckers, considered an important predator of bark 
beetles, predominately shifted their diet to longhorn beetle larvae during the nesting 
season. As part of their study of WISA foraging habitat quality, Gyug et al. (unpubl. 
manuscript) collected 54 nestling fecal sac samples from below 31 nests in 2006, 85 
fecal sacs from 62 nests in 2007, and a further 19 fecal sacs from 15 nests in 2008, 
including some repeat samples of nests from previous years (L. Gyug unpubl. data). A 
cursory examination of the fecal sacs collected indicated that they are mainly comprised 
of ant fragments, including intact heads (L. Gyug pers. obs.). The elytra of metallic 
wood-boring beetles (Buprestidae) were also observed in some fecal sacs. 
The aim of this multi-year study is to examine the extent of dietary dependence of WISA 
on CWD-associated ants through a study of ant availability and use within WISA nest 
areas. This report presents the preliminary findings of the first year of the study which 
has focused on assessing ant abundance and availability within WISA nest areas of 
varying productivity across the breeding range of WISA in the southern interior of British 
Columbia. 
The specific objectives of the first year of the study were to: 

• Quantify ant abundance through ant nest counts and ant availability through 
direct sampling on tree trunks in WISA nest areas; 

• Compile an ant reference collection to guide fecal sac processing; and, 
• Develop a fecal sac processing protocol. 

The second year of the study will be dedicated to processing WISA fecal sacs to 
analyse WISA use of ant-prey and determine whether it exhibits any preferences for 
particular ant species groups and/or ant species associated with particular habitat 
structures such as coarse woody debris. 
 
2.0 METHODS 

2.1 Study area 
The study area encompassed the breeding range of Williamson’s Sapsucker in BC 
which is divided into three regions: the East Kootenay (EK) region (around Cranbrook); 
the Okanagan-Boundary (OKBY) region on the east side of the Okanagan River valley, 
extending east to the outskirts of Grand Forks; and the Western (W) region in the Merritt 
area (Figure 1). The East Kootenay and Okanagan-Boundary WISA regions are 
associated primarily with western larch forests; the Western WISA region with mixed 
forests of ponderosa pine, Douglas-fir, and trembling aspen. 
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Figure 1. The extent of occurrence of Williamson's Sapsucker in the southern interior of British Columbia, 
shown as minimum convex polygons around all known breeding locations in BC. Also shown are the 
location of WISA nests for which habitat data was collected in 2006 and 2007 (from Gyug et al. unpubl. 
manuscript). 

2.2 Sampling design 
WISA nest areas were stratified by geographic region (Western, Okanagan-Boundary, 
or East Kootenay) and a random sampling design was applied. A nest area was defined 
as 16 ha around an active nest, the estimated size of the smallest breeding territory for 
a pair to meet all foraging requirements (Gyug et al. unpubl. manuscript). Based on an 
average of 3.5 young per nest, Gyug et al. (unpubl. manuscript and references therein) 
defined high nest productivity (NP) as ≥ 4 young fledged per nest, and low NP as <4. In 
the Western and Okanagan-Boundary regions, NP data is available for 43 nests from 
2006, 74 nests from 2007 (Gyug et al. unpubl. manuscript); and, for 42 nests from 2008 
(Gyug 2008). In the East Kootenay region, seven nests with NP data are available from 
2007; no NP data was collected in 2006 (Gyug et al. unpubl. manuscript). 
Nest sample areas within the three regions were randomly selected from the pool of 
nests with both fecal sac and NP data in at least one year (2006 or 2007), ensuring that 
at least two High and Low productivity sites in each region in each year were sampled 
(except for the East Kootenay population where no fecal sacs or NP data were collected 
in 2006). The order of priority for sampling was: 
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• Nests with NP data and fecal sacs from both years; and, 

• Nests with NP and fecal sacs from 2006 or 2007 only. 

2.3 Ant abundance & availability sampling intensity 
Twenty-seven WISA nest sites were selected for sampling: 10 in each of the Western 
and Okanagan-Boundary regions and seven in the East Kootenay (Table 1). Ant 
availability on tree trunks was assessed at 26 of these sites; one site in the OKBY 
region was omitted because it could not be accessed due to wind-thrown trees blocking 
the access road. Ant-nest abundance was assessed at 24 sites, omitting the site in the 
OKBY that could not be accessed, along with another site in this region and one in the 
East Kootenay that could not be completed due to time constraints. Details of the 
sampling effort to assess ant abundance and availability are presented in Table 1. 

2.4 Ant abundance & availability field methods 
Two methods were used to sample ant abundance and availability at each WISA nest 
area in 2008: 
• Ant-nest count transects to determine ant relative abundance; and, 
• Trunk traps to sample arboreal-foraging ants as a measure of ant availability. 
Due to the relatively sessile nature and longevity of ant colonies, we assumed that ant 
nest abundance and ant availability will be similar to when fecal sacs were collected. 
Gyug et al. (unpubl. manuscript) found that ant-nest densities within the WISA 
populations were relatively consistent between years. 
Trunk traps 
Trapping of arboreal-foraging ants using trunk traps occurred predominately in June 
(June 9th – July 4th) to coincide with the chick-rearing period of WISA prior to fledging 
(late June) and the anticipated peak in arboreal aphid-tending by ants. 
Twelve trunk traps (Figure 2) were established at each WISA nest area (as per the RIC 
arthropod standard - MELP 1998). Traps were placed within a 225 m radius on live 
trees at random distances from a WISA nest at azimuths of 30° intervals (ie, 0, 30, …, 
300, 330 degrees). Traps placed at random distances will increase the potential to 
capture all species of tree-foraging ants potentially used by WISA, including rare (but 
potentially prominent dietary species) and common small species of possible lesser 
importance in the WISA diet. Traps were open for approximately 21 days. A mix of 25% 
propylene glycol and 75% water was used as the preservative/killing agent for the 
sample containers. The UTM coordinates of each trunk trap were recorded using a 
GPS. 
Ant-nest count transects 
To estimate the relative abundance of ant species present within a WISA nest area, ant-
nest counts were conducted using a belt transect approach similar to Gyug et al. 
(unpubl. manuscript), but expanded to include soil- and rock-associated ant nests. To 
avoid disturbance to the trunk traps and nesting birds, the ant-nest counts were 
conducted in August (13th-28th), after the birds had fledged. 
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Table 1. Location and sampling details of WISA-nest sites selected for assessment of ant abundance and availability. 

Region WISA 
nest 

UTM 
zone UTM E UTM N 

2006 
NP 

Class 

2007 
NP 

Class

No. 
trunk 
traps 
set 

No. 
trunk 
traps 

retrieved 
Trunk trap comments 

Ant-
nest 

survey 

Ant-nest 
survey 
comments 

East 
Kootenay WNE003 11 580347 5480764 – H 12 10 Traps lost Y Only 4 out of 6 

legs completed 
  WNE010 11 626011 5446326 – H 12 12   Y   
  WNE011 11 625180 5442729 – L 12 12   Y   

  WNE012 11 625085 5443289 – H 12 12   N No field crew 
available 

  WNE013 11 624072 5442729 – L 12 10 Traps lost Y   
  WNE014 11 625544 5432782 – H 12 11 Trap lost Y   

  WNE015 11 579911 5482046 – L 12 11 Trap lost Y Only 5 out of 6 
legs completed 

Okanagan- WN210 11 333369 5434548 H H 11 11 Short traps so 1 was 
dropped Y   

Boundary 
WN217 11 347649 5446474 – L 0 0 Could not access site due 

to blowdown on road N No trunk trap 
data 

  WN229 11 328606 5444535 H L 11 11 Short traps so 1 was 
dropped Y   

  WN232 11 326632 5447170 H H 12 12   Y   

  WN309 11 328603 5445391 H L 11 11 Short traps so 1 was 
dropped Y   

  WN326 11 328387 5444907 H H 12 11 Trap lost Y   

  WNK003 11 318869 5496240 L L 11 11 Short traps so 1 was 
dropped N 

Significant 
blowdown in 
June altered 
nest area 

  WNK007 11 333018 5435410 H H 11 11 Short traps so 1 was 
dropped Y   

  WNK008 11 324369 5464208 L H 12 12   Y   
  WNK009 11 318373 5495861 H L 12 11 Trap lost Y   
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Table 1 (cont.). Location and sampling details of WISA-nest sites selected for assessment of ant abundance and availability. 

Region WISA 
nest 

UTM 
zone UTM E UTM N 2006 

NP 
Class 

2007 
NP 

Class

No. 
trunk 
traps 
set 

No. 
trunk 
traps 

retrieved 
Trunk trap comments 

Ant-
nest 

survey 

Ant-nest 
survey 
comments 

Western WNM001 10 668786 5522420 L L 12 11 Trap lost Y   
  WNM002 10 652113 5551005 L H 12 10 Traps lost Y   

  WNM004 10 643298 5542367 H H 11 11 Short traps so 1 was 
dropped Y   

  WNM005 10 658956 5560644 L H 12 11 Trap lost Y   
  WNM006 10 664385 5510381 L L 12 12   Y   
  WNM007 10 663709 5524592 L L 12 12   Y   

  WNM008 10 667343 5541051
L H 

11 8 Short traps so 1 was 
dropped; 3 traps lost Y   

  WNM011 10 657652 5559448 L L 12 11 Trap lost Y   
  WNM015 10 652366 5549851 H L 12 9 Traps lost Y   

  WNM017 10 661656 5533947 – L 11 7 Short traps so 1 was 
dropped; 4 traps lost Y   
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Based on ant nest densities of 2-60 ant nests/ha (Gyug et al., unpubl. manuscript) for all 
ant species combined within 16 ha WISA nest areas, and the patchy distribution of 
CWD and associated ant nests, a 1.5 km long variable-width belt transect oriented to 
stay within the 225 m radius of the WISA nest area (Figure 3) was established, 
consistent with line-intercept CWD sampling principles for large logs (reviewed by 
Meggs et al. 2007). After trialing this method at the first WISA nest sit, sampling 
efficiency was improved by randomly allocating 100 m skips (where no sampling took 
place) to a section of each leg of the transect, reducing it’s overall length to 900 m. This 
revised transect length was consistent with the total pooled transect length per nest 
area used by Gyug et al. (unpublished. manuscript). Six classes of ant-nest type were 
recognized in this study; nests associated with decadent live trees, snags, stumps, 
CWD, soil and rock. Large woody structures were sampled for ant nests over the full 
length of the transect. A set of six randomly located 10 m X 2 m sub-plots were nested 
within the 900 m belt transect to survey small logs, soil- and rock-associated ant nests. 
Details of the sampling methods used for each ant-nest type are presented in Table 2. 
Ant nests were sampled with a hatchet (for nests in woody structures) or trowel (for soil- 
and rock-associated nests). 

 

 

 

 

 
Figure 2. The trunk trap consisted of a plastic 2 
litre bottle cut to the shape of a funnel and 
inverted into the lid of a standard sampling 
container. The traps were stapled or screwed to 
the tree trunk and the container was partially 
filled with a killing/preservative agent of 25% 
propylene glycol and 75 % water. Photo of trap 
attached to an aspen in WNM011 in the 
Western region: Rob Higgins. 
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Table 2. Sampling methods and intensities used to quantify relative abundances of each ant-nest type. LWD = large woody debris (ie, large logs); 
LED = large end diameter; SH = stump height; dbh = diameter at breast height; LLTs = large live trees; SWD = small woody debris (ie, small logs); 
WTC 2 = Wildlife Tree Class 2. 

  Ant-nest type 

 

 
Sampling method LWD (> 22.5 

cm LED) 
Stumps 
(> 22.5 
cm SH) 

Snags (> 
22.5 cm 
dbh) 

LLTs (> 
37.5 cm 
dbh; 
WTC 2) 

SWD 
(7.5-22.5 
cm LED) 

Soil Rock 

Belt transect (900 m long X 4 m wide) 3,600 m2       
Belt transect (900 m long X 2 m wide)  1,800 m2 1,800 m2 1,800 m2    

In
cr

ea
si

ng
 

co
nf

id
en

c
e 

Belt transect sub-sample (6 X 20m2 plots)     120 m2 120 m2 120 m2 
 

 

 
   

 

     Increasing sampling intensity   
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Figure 3. An hourglass configuration ensured that the 1.5 km long transect remained within a 16 ha 
WISA nest area. The transect began at the WISA nest (or WISA nest UTM co-ordinate) following a due 
north bearing, with 45° turns at the edges of the nest area. To avoid transect overlap at the centre and 
maintain the overall 1.5 km length, the first 10 m out from the centre of each arm of the hourglass was not 
sampled. 

 

2.5 Ant reference collection field methodology 
To facilitate analysis of the ant-composition of WISA nestling fecal sacs in the second 
year of the study, an ant reference collection was compiled. Concurrent with the ant-
nest count transect, a sample of six ants (biased towards major workers, since keys are 
generally based on this caste) was collected from each Camponotus spp. nest 
encountered along the ant-nest count transect.  
For other ant groups, one sample of six ants per species or species group was collected 
per WISA region. Decadent live trees, snags, logs and stumps were cut with a hatchet 
to obtain samples; soil- and rock-associated nests were accessed using a trowel. 
Additional ant specimens identified from the trunk trap samples were added to the 
reference collection as needed. 
 



Y091172 - Dietary dependence of WISA on CWD-associated ants 

Streamline Environmental Consulting Ltd. – File Ref: 2347 10 

2.6 Data analysis 
Pending the processing and assessment of fecal sac contents in 2009/10, data 
analyses focussed on exploring relationships between ant relative abundance (from the 
ant-nest counts), ant availability (from the trunk traps), WISA region, and WISA nest 
productivity from the 2007 breeding season. More in depth community-level analyses of 
the ant availability and abundance data will be undertaken once the WISA use data is 
obtained from the fecal sacs, along with exploration of any relationships between ant 
availability and use, WISA NP for 2006 and 2007, ant-nest types and WISA nest area 
attributes. A detailed analytical framework for examining the ant abundance and 
availability was prepared (Meggs 2009), and all analyses will be subject to review by a 
biostatistician in Year 2 of the project. 
Key analytical questions examined this year were: 

• What is the ant community composition of WISA nest areas as characterised by the 
abundance of ant nests? 

• Are there differences in ant-nest species assemblages and/or relative abundance of 
ant species between WISA nest areas, regions or nest productivity classes? 

• What is the community composition of ants available to foraging adult WISA within 
WISA nest areas? 

• Are there differences in available ant species assemblages and/or frequency of 
occurrence of ant species between WISA nest areas, regions or nest productivity 
classes? 

The relative abundance of ant species within WISA nest areas was determined by 
calculating ant nest density (# nests / ha) by ant species or species group based on belt 
transect nest count data standardized by sampling area. 
The frequency of occurrence of an ant species across the 12 traps at a site was used as 
the measure of relative ant availability on tree trunks. Due to the social behaviour of 
ants they frequently travel to foraging sites along heavily used trails (Hölldobler & 
Wilson 1990), potentially resulting in some species being disproportionately represented 
in a single sample relative to their real abundance in the area, rendering count data 
unreliable. 
A summary of the metrics used to describe ant community composition of WISA nest 
areas is presented in Table 3. Diversity indices were calculated using Past (Hammer et 
al. 2001). Species richness estimates were calculated using EstimateS (Colwell 2006). 
Unidentified Camponotus spp. were excluded from these analyses. 
Planned comparisons of ant community metrics were made between WISA regions and 
nest productivity classes from the 2007 breeding season. A factorial ANOVA and non-
parametric techniques were used to examine variation in diversity, relative abundance 
and availability across strata of ant species groups and selected ant species. 
Comparisons between ant abundance and ant availability for three of the most common 
ant species or species groups were made using bivariate regression. All planned 
comparisons were conducted using JMP (SAS Institute 2000). Where necessary, data 



Y091172 - Dietary dependence of WISA on CWD-associated ants 

Streamline Environmental Consulting Ltd. – File Ref: 2347 11 

were transformed to meet the assumptions of normality. The statistical significance level 
used was p<0.05. 
Table 3. Quantitative metrics describing ant community composition of WISA nest areas. 

Analysis Metric 
Abundance Availability 

relative abundance ant-nest density frequency of occurrence 
  (# ant nests of species i/ hectare) (frequency of occurrences of species i/ 
    # traps retrieved) 
      
dominant species Berger-Parker index Berger-Parker index 

  (# nests of most abundant species in (# occurrences of most frequently 
occurring 

  one hectare / total number of nests in species / total # of occurrences) 
  one hectare)   
      
species richness Incidence-based Coverage Estimator  ICE 
  (# of species in one hectare) (# species in all traps retrieved) 
      
species diversity Shannon-Weiner & Simpson's Indices no abundance data 

 

2.7 Ant reference collection compilation 
To facilitate analysis of the ant-composition of WISA nestling fecal sacs in Year 2 of the 
study, an ant reference collection was compiled from the specimens collected during 
ant-nest surveys and trunk trapping. Ant identification followed the keys of Wheeler and 
Wheeler (1963), Francoeur (1973), Wheeler and Wheeler (1986), Naumann et al. 
(1999), and Hansen and Klotz (2005). Ant species nomenclature followed Bolton et al. 
(2005) except where more recent revisions have been made. Carpenter ants were 
identified to species where possible while wood and thatching ants were identified to 
species groups. Smaller ants (<8 mm) were identified to genera unless species 
identifications were readily apparent. Following identification, ants were appropriately 
pinned (ie, glued to paper points on insect pins) and labeled following the Ant Leaf Litter 
Protocol (Agosti et al. 2000). 

2.8 Development of a protocol for processing WISA nestling fecal sacs 
An approach for analyzing WISA fecal sacs was developed and tested using Beckwith 
and Bull (1985), and Kleintjes and Dahlsten (1992) for guidance. 
 
3.0 RESULTS 

3.1 Ant abundance 
A total of 11 species of ants were recorded across the three WISA regions during ant-
nest surveys. All species were found in both the Western and Okanagan-Boundary 
WISA regions, whilst only six identified species and one additional genera were 
recorded from the East Kootenay (Table 4).  
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Table 4. List of ant species or species groups found by ant-nest surveys in each WISA region in 2008. 

Family Sub-family Complex Species or species group Western Okanagan-
Boundary 

East 
Kootenay 

FORMICIDAE Dolichoderinae – Tapinoma sessile (Say) X X X 

 Formicinae – Camponotus (Camponotus) herculeanus (Linnaeus) X X  

  – Camponotus (Camponotus) modoc Wheeler, W.M. X X  

  – Camponotus (Camponotus) novaeboracensis (Fitch) X X  

  – Camponotus (Tanaemyrmex) vicinus Mayr X X  

  – Camponotus spp.* X X X 

  – Lasius spp. X X X 

  Formica fusca Formica fusca species complex X X X 

  Formica rufa Formica rufa species complex X X  

  Formica sanguinea Formica aserva Forel X X X 

 Myrmicinae – Leptothorax spp. X X X 

  – Myrmica spp. X X X 
* Unidentified Camponotus from samples that contained only minors or that contained majors too damaged to identify to species. 

 
 



Y091172 - Dietary dependence of WISA on CWD-associated ants 

Streamline Environmental Consulting Ltd. – File Ref: 2347

The Formica rufa species complex was not recorded in the East Kootenay region. Nests 
of Camponotus spp. were recorded at two WISA nest areas in the East Kootenay but 
could not be identified to species due to poor specimen condition or collection of minors 
only. In addition, Camponotus species were observed in small stumps (<22.5 cm dsh) 
that were incidentally examined in the East Kootenay region. 
Observed and predicted species richness for all WISA nest areas combined was 
approximately 11, but predicted species richness curves for ant-nest densities within 
geographic regions indicate that species richness across all geographic areas may 
actually be >13 (Figure 4). The small number of WISA nest areas surveyed within each 
geographic region makes estimates of species richness within these strata less reliable. 
Ant communities in the three regions displayed similar levels of diversity (Table 5), with 
communities generally dominated by small ant species such as Lasius spp., Myrmica 
spp., and the tiny Tapinoma sessile (Figure 5), particularly in the East Kootenay. Of the 
larger ant species, only the Formica fusca species complex was consistently abundant 
across the three regions. 
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Figure 4. Predicted species richness curves for the number of WISA nests versus the number of ant 
species, for all WISA nests (n = 24), Western nests (n = 10), Okanagan-Boundary nests (n = 8), and East 
Kootenay nests (n = 6). Curves were generated using the ICE statistic from EstimateS. 
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Table 5. Species diversity indices for the ant communities found by ant-nest surveys in the three WISA 
regions. 

Diversity indices Western Okanagan-Boundary East Kootenay 
No. taxa 5.60 5.25 4.50 
Berger-Parker 0.52 0.55 0.62 
Shannon-Weiner 1.18 0.98 0.94 
Simpson's 0.60 0.53 0.50 
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Figure 5. Ant-nest densities (mean ± sd) for each species group in the three WISA regions. CAM ALL = 
All Camponotus spp. pooled; CAM HER = C. herculeanus; CAM MOD = C. modoc; CAM NOV = C. 
novaeboracensis; CAM SPP = Unidentified Camponotus spp.; CAM VIC = C. vicinus; FOR ALL = All 
Formica spp. groups pooled; FOR ASE = F. aserva; FOR FUS = F. fusca complex; FOR RUF = F. rufa 
complex; LAS SPP = Lasius spp.; LEP SPP = Leptothorax spp.; MYR SPP = Myrmica spp.; TAP SES = 
Tapinoma sessile. 

 
Total ant-nest density differed between the three WISA regions, with significantly higher 
nest densities recorded in the Western region relative to the other two regions (Table 6). 
Significantly higher abundances of Camponotus spp., Formica spp., and Formica fusca 
species complex were observed in the Western region relative to the East Kootenay. 
The Okanagan-Boundary region generally had fewer small ant species nests than the 
Western region, particularly nests of Myrmica spp. 
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Table 6. Ant-nest densities (mean values) for the most abundant species groups in the three WISA 
regions. Different letter superscripts indicate significant differences between regions at p<0.05. 

Ant species group Western Okanagan-Boundary East Kootenay 

All ant species 1076.1a  547.6b   546.2b 

Camponotus spp. pooled     92.0a     9.1ab    15.7b 

C. herculeanus    54.2    6.9 - 
Formica spp. groups pooled   168.9a   154.5ab   49.3b 

F. aserva     1.9    2.5    5.2 
F. fusca complex   156.4a   150.5ab   44.1b 
All small ant species   815.2a  384.0b   481.2ab 

Lasius spp.  210.4 246.0 247.8 
Leptothorax spp.    54.5   21.8   12.6 
Myrmica spp.    498.9a    66.0b      79.2ab 

Tapinoma sessile    51.4   50.2 141.6 
 
The only species-group whose abundance differed significantly between WISA nest 
productivity classes from the 2007 breeding season was the Formica spp. group, largely 
attributable to the higher abundances of Formica fusca complex in High productivity 
WISA nests (Table 7). 
 
Table 7. Ant-nest densities (mean values) for the most abundant species groups in High and Low nestling 
productivity classes for the 2007 WISA breeding season. Different letter superscripts indicate significant 
differences between regions at p<0.05. 

Ant species group HIGH LOW 
All ant species 899.5 635.4 
Camponotus spp. pooled   40.8   49.8 
C. herculeanus   31.9   17.8 
Formica spp. groups pooled  151.5a 117.0b 

F. aserva    2.9    3.0 
F. fusca complex  140.6a  112.1b 

All small ant species 707.2 468.7 
Lasius spp. 269.8 193.4 
Leptothorax spp.   24.7   41.6 
Myrmica spp. 332.6 166.7 
Tapinoma sessile   80.1   67.0 

 

3.2 Ant availability 
A total of 15 ant species were caught in trunk traps across all 26 nest areas. As well as 
the 11 species recorded in the ant-nest surveys, an additional four species were caught 
in trunk traps: Camponotus laevigatus, C. semitestaceous (a new record for British 
Columbia), Formica neogagates species complex, and Aphaenogaster spp. (Table 8);  
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Table 8. List of ant species groups caught in trunk traps in each WISA region in 2008. 

Family Sub-family Complex Species or species group Western Okanagan-
Boundary 

East 
Kootenay 

FORMICIDAE Dolichoderinae – Tapinoma sessile (Say)   X 

 Formicinae – Camponotus (Camponotus) herculeanus (Linnaeus) X X X 

  – Camponotus (Camponotus) laevigatus (Smith, F.) X X X 

  – Camponotus (Camponotus) modoc Wheeler, W.M. X X X 

  – Camponotus (Camponotus) novaeboracensis (Fitch)  X  

  – Camponotus (Tanaemyrmex) semitestaceous 
Snelling**   X 

  – Camponotus (Tanaemyrmex) vicinus Mayr X X X 

   Camponotus spp.* X X  

  – Lasius spp. X X X 

  Formica fusca Formica fusca species complex X X X 

  Formica neogagates Formica neogagates species complex X  X 

  Formica rufa Formica rufa species complex X X X 

  Formica sanguinea Formica aserva Forel X X X 

 Myrmicinae – Aphaenogaster spp. X   

  – Leptothorax spp. X X X 

  – Myrmica spp. X X X 
* * Unidentified Camponotus from samples that contained only minors or that contained majors too damaged to identify to species. 
** New record for British Columbia    
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these are presumably all available to WISA as they were captured on tree trunks, which 
is where the birds forage for ants. 
No region was found to have all 15 ant species. Camponotus semitestaceous and 
Tapinoma sessile were only caught in the East Kootenay region. Similarly, Camponotus 
novaeboracencis and Aphaenogaster spp. were only caught in the Okanagan-Boundary 
and Western regions respectively. Conversely, Formica neogagates species complex 
was absent only from the Okanagan-Boundary region. 
Predicted species richness curves displayed a fairly rapid levelling-off after only 4-5 
WISA nest samples, however the curves for all nests and all regions do not completely 
level-off across the respective sample sizes (Figure 6). The Incidence-based Coverage 
Estimator (ICE) for species richness predicted the occurrence of 17 ant species across 
all WISA nest areas (two more than observed). 
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Figure 6. Predicted species richness curves for the number of WISA nests versus the number of ant 
species, for all WISA nests (n = 26), Western nests (n = 10), Okanagan-Boundary nests (n = 9), and East 
Kootenay nests (n = 7). Curves were generated using the ICE statistic from EstimateS. 
 
Species diversity did not differ significantly between regions. WISA nests in the East 
Kootenay had available ant communities characterised by a greater number of species 
and lower level of species’ dominance (Table 9). Overall, regional ant communities 
derived from trunk traps had a lower level of species dominance than those derived 
from ant nest samples. 
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Table 9. Species diversity indices for the ant communities found by trunk trapping in the three WISA 
regions. 

Diversity indices Western Okanagan-Boundary East Kootenay 
No. taxa 6.00 5.11 7.14 
Berger-Parker 0.41 0.45 0.33 

 
The most frequently occurring ant species groups across the three WISA regions were: 
F. fusca complex, Lasius spp., and Camponotus herculeanus (Figure 7). 
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Figure 7. Frequency of occurrence (mean ± sd) of available ant species groups in the three WISA 
regions. CAM ALL = All Camponotus spp. pooled; CAM HER = C. herculeanus; CAM LAE = C. 
laevigatus; CAM MOD = C. modoc; CAM NOV = C. novaeboracensis; CAM SEM = C. semitestaceous; 
CAM SPP = Unidentified Camponotus spp.; CAM VIC = C. vicinus; FOR ALL = All Formica spp. groups 
pooled; FOR ASE = F. aserva; FOR FUS = F. fusca complex; FOR NEOG = F. neogagates complex; 
FOR RUF = F. rufa complex; SMALL ALL = All small ant species pooled; APH SPP = Aphaenogaster 
spp.; LAS SPP = Lasius spp.; LEP SPP = Leptothorax spp.; MYR SPP = Myrmica spp.; TAP SES = 
Tapinoma sessile. 

 
The only ant species-groups to show significant differences in availability between the 
WISA regions were Formica spp. pooled, which also showed a significant interaction 
effect with WISA nest productivity class, and Myrmica spp. (Table 10). Formica spp. 
were significantly more available in the Western region relative to the other two regions, 
while Myrmica spp. was more available in the East Kootenay than in the Okanagan-
Boundary region. 
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Table 10. Frequency of occurrence (mean values) for the most common species or species groups in the 
three WISA regions. Different letter superscripts indicate significant differences between regions at 
p<0.05. 

Ant species group Western Okanagan-Boundary East Kootenay 

All ant species 0.81 0.69 0.85 
Camponotus spp. pooled 0.41 0.28 0.43 
C. herculeanus 0.20 0.08 0.12 
C. laevigatus 0.01 0.03 0.10 
C. modoc 0.08 0.10 0.04 
C. vicinus 0.13 0.01 0.17 
Formica spp. groups pooled   0.71a  0.56b  0.55b 

F. aserva 0.12 0.06 0.09 
F. rufa complex 0.05 0.05 0.08 
F. fusca complex 0.62 0.53 0.50 
All small ant species 0.23 0.28 0.42 
Lasius spp. 0.14 0.24 0.13 
Leptothorax spp. 0.06 0.04 0.18 
Myrmica spp.    0.08ab  0.02b  0.18a 

 
No significant differences in ant availability were found between WISA nestling 
productivity classes from the 2007 breeding season (Table 11). 
Table 11. Frequency of occurrence (mean values) for the most common species or species groups in 
High and Low nestling productivity classes from the 2007 WISA breeding season. Different letter 
superscripts indicate significant differences between regions at p<0.05. 

Ant species group HIGH LOW 

All ant species 0.80 0.78 
Camponotus spp. pooled 0.40 0.34 
C. herculeanus 0.14 0.14 
C. laevigatus 0.04 0.04 
C. modoc 0.10 0.07 
C. vicinus 0.12 0.08 
Formica spp. groups pooled 0.61 0.63 
F. aserva 0.09 0.09 
F. rufa complex 0.05 0.07 
F. fusca complex 0.55 0.57 
All small ant species 0.31 0.29 
Lasius spp. 0.19 0.17 
Leptothorax spp. 0.10 0.08 
Myrmica spp. 0.09 0.08 
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3.3 Ant abundance versus ant availability 
Ant community composition from ant-nest surveys and trunk trapping was most similar 
in the Okanagan-Boundary region with only one species, Camponotus laevigatus, 
captured in trunk traps but not found in ant-nest surveys (Table 12). In the Western 
region two species were not located in ant-nest surveys but were captured in trunk 
traps, C. laevigatus again and Formica neogagates complex. The greatest disparity 
between species known to be present in WISA nest areas from trunk trapping but not 
found in ant-nest surveys was observed in the East Kootenay region. Seven species, 
including five species of Camponotus were absent from ant-nest surveys. 
Comparison of ant-nest density and frequency of occurrence values for three of the 
most common ant species found in WISA nest areas showed very little correlation 
between these measures of ant abundance and availability (Figure 8). 
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Figure 8. Correlation between ant-nest density (log10 transformed) and ant frequency of occurrence in 
trunk traps for (a) Camponotus herculeanus, (b) Formica fusca complex, and (c) Lasius spp. across the 
WISA regions. 
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Table 12. List of ant species or species groups found by trunk-trapping (ant availability) and ant-nest surveys (relative abundance) in each of the 
three WISA regions in 2008. 

Western Okanagan-Boundary East Kootenay 

Family Sub-family Complex Species group Avail-
ability 

Rel. 
Abund. 

Avail-
ability 

Rel. 
Abund. 

Avail-
ability 

Rel. 
Abund. 

FORMICIDAE Dolichoderinae – Tapinoma sessile (Say)  X   X X X 

 Formicinae – Camponotus (Camponotus) 
herculeanus (Linnaeus) X X X X X  

  – Camponotus (Camponotus) laevigatus 
(Smith, F.) X  X  X  

  – Camponotus (Camponotus) modoc 
Wheeler, W.M. X X X X X  

  – Camponotus (Camponotus) 
novaeboracensis (Fitch)  X X X   

  – Camponotus (Tanaemyrmex) 
semitestaceous Snelling**     X  

  – Camponotus (Tanaemyrmex) vicinus 
Mayr X X X X X  

   Camponotus spp.* X X X X  X 

  – Lasius spp. X X X X X X 

  Formica fusca Formica fusca species complex X X X X X X 

  Formica neogagates Formica neogagates species complex X    X  

  Formica rufa Formica rufa species complex X X X X X  

  Formica sanguinea Formica aserva Forel X X X X X X 

 Myrmicinae – Aphaenogaster spp. X      

  – Leptothorax spp. X X X X X X 

    – Myrmica spp. X X X X X X 
* * Unidentified Camponotus from samples that contained only minors or that contained majors too damaged to identify to species. 
** New record for British Columbia    
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3.4 Ant reference collection 
The ant reference collection, comprising all 15 species collected through ant-nest 
surveys and trunk trapping, is currently stored at the Williams Lake campus of 
Thompson Rivers University. 

3.5 Fecal sac processing protocol 
The fecal sac processing protocol developed as part of this study is presented in 
Appendix I. 
 
4.0 DISCUSSION 
Regional differences were present in the ant abundance and, to a lesser extent, 
availability of some species groups. Ant-nest surveys produced 11 observed species 
consistently present across the three geographic regions, with some minor variation in 
the Eastern Kootenay region due to small number of WISA nest areas surveyed. 
Predicted richness was somewhat higher and may be attributed to the small sample 
sizes in each geographic region. Ant nest density data illustrated communities 
dominated by smaller, more abundant ant species. Nest densities overall were 
significantly higher in the Western region for large and small ant species. 
Trunk trap sampling produced 15 observed species, with a predicted species richness 
of 17. These results support the suspected higher richness in the ant communities 
described by ant-nest surveys. The species profile of trunk trap samples was less 
dominated by any one species than the ant-nest survey data, though the Formica fusca 
group occurred most frequently across all WISA nest areas. Once again, the Western 
region stood out, with Formica species and Myrmica species occurring more frequently 
in trunk traps relative to the other two regions. 
Differences in ant community results for the three geographic regions will be explored 
further in Year 2, in conjunction with dietary results and existing datasets (Gyug et al., 
unpublished data). The Western region differs floristically from the other two regions, 
with forest canopies in WISA nest areas dominated by ponderosa pine, Douglas-fir and 
trembling aspen. Potential relationships between ant communities and habitat 
characteristics will be explored more fully after the dietary analyses are completed in 
Year 2. 
Ant-nest surveys failed to capture many species caught in the trunk traps. In particular, 
Camponotus species appeared more frequently in the trunk traps than would have been 
anticipated based on the ant-nest surveys. Overall, there was poor agreement on 
species presence and abundance trends between the two datasets (ie, ant-nest 
abundance vs. trunk trap availability). However, the inconsistencies, particularly with 
regard to Camponotus species, are more prominent in the East Kootenay region, and 
may be an artifact of survey bias and data quality in that region. All the WISA nest areas 
in the East Kootenay region were previously harvested, and characterized by very few 
large logs (Figure 9), many small stumps, and with large stumps close cut to the 
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ground, making them difficult to sample. Camponotus nests were observed in stumps 
smaller than the minimum diameter limit for the transect surveys, which may reflect a 
resource-use / availability issue for carpenter ants in these sites. Biasing the survey 
method to large woody debris may have precluded the location of carpenter ant nests 
which were present, but in habitat features not adequately encompassed in the survey 
(e.g. large snags and decadent large live trees). In addition, those Camponotus nests 
that were recorded during the survey did not have collected specimens suitable for 
species-level identification. Inconsistencies between ant-nest abundance and trunk trap 
species profiles may reflect the fact that these Camponotus records were not included 
in the interim ant-nest community data analysis. A combination of the two datasets may 
be required to fully interpret the results of dietary analysis in Year 2. 
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Figure 9. Number of large logs/ha (mean ± sd) by WISA region recorded by Gyug et al. (unpublished 
manuscript) in the WISA nest areas sampled in this study. 

 
Few patterns in ant abundance or availability were apparent for WISA nest productivity 
classes. However, the relevance of this stratification may require re-examination or re-
definition in the context of dietary results, and will be examined further in Year 2. 
In Year 2 of the study, we will continue to examine patterns of ant community 
composition between WISA nest areas in geographic regions. Concurrent with these 
continued analyses, we will quantify WISA use of ant-prey through the completion of the 
fecal sac analyses. The degree of prey-selectivity will be examined, and patterns of use 
compared across geographic strata and potential biological strata such as WISA nest 
productivity. We will then complete investigations into the comparison of dietary ant use 
and ant availability relative to habitat attributes, such as CWD. 
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7.0 APPENDIX I - WISA fecal sac processing protocol 
 
Equipment required 

• Dissecting scope with overhead light source; 
• Large petri dishes (~10 cm diameter); 
• Small petri dishes (~6 cm diameter); 
• Well plates (courtesy of MoFR); 
• Small screw-cap vials (Fisher brand – microcentrifuge tubes 2.0 ml screw-cap 

with o-ring); 
• Soft forceps; 
• Fine paintbrushes; 
• Fine sample pokers/spreaders (e.g. pin inserted into small, thin dowel); 
• 95% alcohol; 
• Paper & pencils for labels; 
• WISA-Ant fecal sac datasheets; 
• WISA-Ant key to ant body parts (Higgins 2008). 

Initial processing 
1. BEWARE of drafts & static electricity when handling fecal sac material. 
2. Remove fecal sac from freezer. 
3. Ensure the fecal sac sample has a label within the bag containing the fecal sac 

material (ie, not just in an outer bag); create a label copy if necessary. 
4. Record on datasheet: 

• WISA region (W = Western, OK = Okanagan-Boundary, or EK = 
East Kootenay). 

• WISA nest no. 
• Fecal sac no. (some nests have multiple fecal sacs); assign a 

unique number and label the fecal sac sample if not already 
labelled. 

• Date of fecal sac collection. 
• Notes on visible fecal sac contents (e.g. large lumps of hard 

nitrogenous waste; leaves and litter material collected with fecal 
sac). 

• Name of sorter/identifier. 
• Date of sorting/ID. 
• Start time of sample. 

5. Remove any large pieces of leaf litter, bark, etc., that are obviously not part of the 
fecal sac, but be careful to brush any adhering body parts back into the sample 
bag; small pieces of leaf litter can be left in the sample. 

6. Weigh the fecal sac within its original sample bag and record weight. 
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7. Weigh equivalent sample bag or weigh the original sample bag after removing 
the contents to a temporary container, and record weight; and return the fecal 
sac to its original sample bag. 

8. If fecal sac weight > 200 mg, then sub-sample required. 
9. Gently squeeze the fecal sac between finger and thumb to break up any clumps 

of body parts (do not try and break up lumps of nitrogenous waste). 
10. To sub-sample, rotate or otherwise agitate the sample bag to mix the contents. 
11. Remove a sub-sample of approximately 200 mg of fecal sac contents using a 

spoon or scoop and place in a large petri dish; record the weight of the sub-
sample. 

12. Return the remainder of the original fecal sac sample to the freezer, ensuring the 
sample label is returned to the sample bag. 

Sorting 
13. Samples to be dry-sorted in a small petri dish under a dissecting microscope. 
14. To improve field of view, further partitioning of the sample/sub-sample may be 

required (e.g. into quarters). 
15. Remove identifiable ant & other arthropod body parts and group them in the well 

plates by the following categories: 
• Black ant heads; 
• Red/reddish-brown ant heads; 
• Intact ant alitrunks of small ant genera; 
• Other arthropods (e.g. beetle heads, beetle elytra, spider body 

parts, and any other non-ant body parts that may be useful for 
ID). 

16. Repeat for remaining portions of sample/sub-sample. 
Identification 

17. ID ant heads to genera/sub-genera using WISA-Ant body parts key (Higgins 
2008) and ant-head reference collection microscope slides. 

18. Ant alitrunks of small ant genera should be scanned to aid ID of small ant heads 
(if required), and to ID any small ant genera for which heads are not present (e.g. 
Myrmica spp. alitrunks are quite distinctive); refer to the pinned reference 
collection specimens as required. 

19. Record the minimum number of each ant genera/sub-genera identified from the 
body parts in the sample/sub-sample (e.g. 6 heads & 4 alitrunks = 6 ants of that 
genera/sub-genera; 5 Myrmica spp. alitrunks & 2 Myrmica spp. heads = 5 
Myrmica spp. ants). 

20. Record the no. of unidentifiable ants. 
21. ID non-ant material to morpho-group (e.g. metallic wood-boring beetle, spider, 

etc.). 
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22. Record the morpho-group name and minimum no. of each observed. 
23. Record the no. of unidentifiable non-ant morpho-group specimens. 

Completion of sample processing 
24. Weigh the residual unidentifiable material from the sample/sub-sample & record. 
25. Transfer the residual material to a screw-cap vial with 95% alcohol; include a 

label with the following information: 
• WISA nest no. – fecal sac no. (e.g. WNM001-1 or WNM001-2); 
• The words “sorted residual material”; 
• Date of fecal sac collection; 
• Initials of sorter/identifier. 

26. Transfer the body parts of each ant genera/sub-genera to separate screw-cap 
vials with 95% alcohol; include a label with the following information: 

• WISA nest no. – fecal sac no.; 
• Ant genera/sub-genera; 
• Date of fecal sac collection; 
• Initials of sorter/identifier. 

27. Transfer the body parts of all non-ant morpho-groups into a single screw-cap vial 
with 95% alcohol; include a label with the following information: 

• WISA nest no. – fecal sac no.; 
• The words “non-ant morpho-groups”; 
• Date of fecal sac collection; 
• Initials of sorter/identifier. 

28. Store vials for each WISA nest – fecal sac no. in a small zip-log bag with a label 
containing the following information: 

• WISA nest no. – fecal sac no.; 
• Date of fecal sac collection; 
• Date of sorting/ID; 
• Initials of sorter/identifier. 

29. Record any deviations from the protocol or useful additional information in the 
“Sample processing notes” section (e.g. “two large leaves removed from sample 
and discarded prior to initial sample weighing”; “three non-ant morpho-group 
specimens stored separately for further identification”, etc.). 

30. Record the end time of the fecal sac sample processing. 
 


