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Abstract
Glass sponge reefs are an ecosystem unique to the continental shelf of the northeast Pacific Ocean. Due to their vulnerabil-
ity and limited distribution, several sponge reef protection initiatives exist within Canadian waters with the common goal 
of conserving biodiversity. To date, the biodiversity associated with sponge reefs has largely been assessed using remote 
video methods that allow us to describe large fauna associated with the reefs. However, small organisms are typically 
missed, resulting in an underestimate of reef-associated biodiversity. In this study we aimed to further describe invertebrate 
biodiversity associated with sponge reefs. Sponge reefs recently discovered in Howe Sound, British Columbia are within 
safe recreational SCUBA diving limits allowing us to examine macrofaunal settlement timing and community structure 
using diver-deployed settlement plates. We examined the effect of settlement plate material and elevation above the benthos 
within the reef on invertebrate community structure. A total of 70 taxa settled on the plates representing 10 phyla, includ-
ing two phyla not previously described on sponge reefs: Nemertea (ribbon worms) and Platyhelminthes (flatworms). There 
were no significant differences in taxa richness, diversity, or community structure associated with settlement plate material 
or height above the benthos. Ours is the first report of invertebrate settlement on a sponge reef in the Salish Sea and the first 
description of larval settlement timing for nine invertebrate species in the northeast Pacific.

Key words: Glass sponge reefs; invertebrates; Porifera; community structure; juvenile settlement

Introduction
Glass sponge reefs, an ecosystem unique to the 

continental shelf of the northeast Pacific Ocean, are 
found from the Salish Sea in the south to Portland 
Canal, on the Canada-Alaska border in the north 
(Conway et al. 1991; Stone et al. 2014; Dunham et 
al. 2018). The sponge reefs are large biogenic struc- 
tures that play an important role in carbon, nitrogen, 
and silica cycling and support more diverse and abun- 
dant faunal communities than the surrounding sea 
floor (Chu and Leys 2010; Chu et al. 2011; Kahn et 
al. 2015, 2018; Maldonado et al. 2016; Dunham et 
al. 2018). The reefs are formed by three species of 
glass sponges: Cloud Sponge (Aphrocallistes vastus), 
Farrea occa (no common name and absent on reefs in 
the Salish Sea), and Goblet Sponge (Heterochone ca-
lyx). These sponges occur throughout the world but 
have only been reported to form reefs in the north- 
east Pacific. They can form reefs because they pos-

sess skeletons of fused silica spicules which maintain 
their three-dimensional structure after the sponges’ 
death. The erect dead sponge skeletons serve as set- 
tlement substrate for juvenile sponges and are in- 
filled with baffled sediment, a process that results in 
reef formation after multiple generations of sponges. 
While the sponge skeletons are rigid, they are fragile. 
Consequently, the sponges and reefs are vulnerable 
to damage from human activities that contact the bot- 
tom, such as trawl and trap fishing, and cable laying 
(Dunham et al. 2015; Kahn et al. 2016). Because of 
their vulnerability to human impacts and their limited 
global distribution the sponge reefs are a high conser-
vation priority in Canada. As a result, one marine pro-
tected area (MPA) and 17 bottom contact fishing clo-
sures have been created to protect sponge reefs and 
the biodiversity they support (DFO 2015, 2019).

Despite the high priority of protecting biodiversity 
associated with sponge reefs, we have a limited under 
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standing of the life histories of many organisms resid- 
ing on the reefs. In particular, we do not know when 
many of the organisms reproduce or when larvae set- 
tle onto the reefs. For example, the exact timing of 
spawning and larval settlement for reef-forming glass 
sponges is not known, although evidence points to at 
least one spawning period in the winter months for 
sponges in the Salish Sea (Kahn et al. 2016) and po- 
tentially multiple settlement periods in Hecate Strait 
(Guillas et al. 2019). Knowing when reef-associated 
fauna (including reef-forming sponges) recruit to the 
sponge reefs can help guide monitoring, manage- 
ment, and potential restoration activities in the future.

In addition to a lack of knowledge of the life his- 
tory of reef-associated fauna, it is likely that our un- 
derstanding of reef-associated biodiversity is incom- 
plete. To date the biodiversity associated with sponge 
reefs has largely been assessed using remote video 
methods because most reefs occur outside safe rec- 
reational SCUBA diving limits (i.e., deeper than 40 
m; but see Krautter et al. 2001; Cook 2005; Guillas et 
al. 2019). While remote video surveys allow us to de- 
scribe large fauna (≥4 cm) associated with the reefs, 
smaller organisms (hereinafter referred to as mac- 
roinvertebrate fauna), such as polychaetes and bryo- 
zoans, are typically missed. Several of the reef com- 
plexes recently discovered in Howe Sound (Clayton 
and Dennison 2017; Dunham et al. 2018) are signif- 
icantly shallower than other known reefs (22–127 m 
compared to 90–300 m), occurring within safe recre- 
ational SCUBA diving limits. The discovery of these 
shallow reefs allowed us, for the first time, to exam- 
ine macrofaunal community structure and settlement 
timing on a glass sponge reef in the Salish Sea using 
diver-deployed settlement plates.

Juvenile settlement is driven by several factors, 
including water flow and the surface structure and 
chemistry of available substrate (Rodriguez et al. 
1993). Because little is known regarding the settle- 
ment requirements for glass sponges and other reef- 
associated fauna we used two settlement plate materi- 
als (frosted glass and ceramic clay) in order to capture 
a wider range of organisms. We hypothesized that 
frosted glass plates would attract a more diverse and 
abundant community as this surface approximates the 
surface of erect dead sponges, the primary settlement 
surface available on sponge reefs. We positioned the 
sets of plates at different heights above the benthos 
as a proxy for water flow, as complex benthic hab- 
itats, like sponge reefs, create a benthic boundary 
layer where water flow is slowed (Grant et al. 2019). 
Determining whether elevation above the benthos im- 
pacts the diversity of benthic invertebrates settling on 
the reef has implications for reef conservation as well. 
When human activities damage sponge reefs they de-

stroy the three-dimensional structure of the reef, of- 
ten crushing or toppling both live and dead sponges. 
If a more diverse invertebrate community settles on 
plates higher above the benthos, this destruction of 
the three-dimensional structure may have larger im- 
pacts on reef-associated biodiversity than previously 
reported. We hypothesized that plates located higher 
above the benthos would attract a more diverse and 
abundant settler community as water flow around 
these plates should be higher. Overall, the goal for this 
study was to describe the biodiversity of small ben- 
thic invertebrates associated with sponge reefs and 
determine if settler diversity is affected by plate ma- 
terial and/or height above the benthos. Additionally, 
we report the first description of larval settlement tim- 
ing for several invertebrate species in the northeast 
Pacific.

Study Area
Our study occurred at the Halkett Point glass 

sponge reef in Howe Sound, Salish Sea on the south- 
west coast of British Columbia (BC), within the 
Halkett Bay Provincial Marine Park northwest of the 
city of Vancouver (Figure 1a). The glass sponge reef 
was first discovered by G. Dennison in 1996 and first 
formally described by Clayton and Dennison (2017). 
The reef was federally protected from all bottom- 
contact fishing activities in 2019, but at the time of 
our study, in 2017, fishing restrictions were not yet 
in place (DFO 2019). The main sponge reef occurs 
between 22–90 m on a pinnacle that is irregular in 
shape with a relatively flat top and gently sloping 
sides (Figure 1b; Clayton and Dennison 2017; DFO 
2018). Glass sponge reefs are naturally patchy with 
areas of live, erect dead, and buried dead sponge pre- 
sent throughout the reef (Dunham et al. 2018). At 
Halkett Point sponge reef live reef-building sponges 
cover 4% of the reef and 40% of the reef was classi- 
fied as live reef habitat (i.e., live sponges dominate 
the benthos; Dunham et al. 2018); 31 associated spe- 
cies have been documented on the reef (DFO 2018; 
Dunham et al. 2018). Some rocky outcroppings are 
found on the western side of the pinnacle.

Methods
Tree design, deployment, monitoring, and retrieval

Two trees with eight settlement plates each were 
constructed using a 1.5 m length of 20 mm PVC pipe 
(sold as ¾ inch PVC pipe) for the stem with two sets 
of 0.30 m length PVC branches extending from the 
top and middle portions of the stem (Figure 2a,b). 
Each branch was further divided into two additional 
branches, each supporting a 0.11 m × 0.11 m × 0.03 m 
settlement plate made of either ceramic clay or frosted 
glass. Plates were fastened to the PVC branch with a 
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Figure 1. a. The location of the Halkett Point glass sponge reef as marked by the black dot, and b. a detailed bathymetric 
map of the reef area. Bathymetry contours were derived from a 3 × 3 m resolution survey of the area using downwards sonar 
conducted by G. Dennison. The location of the settlement trees is marked on b with a black dot.
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plastic bracket (Figure 2a). Each tree was designed 
to hold two ceramic and two glass settlement plates 
on each of the upper and lower branches for a total of 
four of each plate type; the upper and lower branches 
were 24 cm apart. The brackets holding the ceramic 
and glass plates were designed in SOLIDWORKS® 
3D mechanical CAD software Rev 2016 (Dassault 
Systèmes SolidWorks Corporation, Waltham, Massa- 
chusetts, USA) and produced with a Stratasys Mojo 
3D printer (Computer Aided Technology, Buffalo 
Grove, Illinois, USA). The bracket was designed to 
allow for easy removal and installation of the plates. 
Each set of glass and ceramic settling plates was iden- 
tified with a unique tag secured to the corresponding 
branch of the tree.

The trees were deployed 11.8 m apart on 4 March 
2017. Trees were installed with settlement plates at- 
tached by penetrating the stem of the tree into the soft 
surface layer of the reef (e.g., Figure 2b). The trees 
were deployed in an area next to low-density sponge 
(31.7 m depth, hereinafter tree 1) with the lower 
branches ~0.5 m above the benthos and in an area 
next to high density sponge (at 33.5 m depth, herein- 
after tree 2) with the lower branches ~0.65 m above 
the benthos.

ATidBit® v2 (Onset Computer Corporation, Bourne,  
Massachusetts, USA) temperature logger was at-

tached to the lower branch of each tree to record tem- 
perature every 15 min over the course of the study. 
Data from both temperature loggers were collected 
from 12 March to 16 August 2017; the temperature 
logger attached to tree 1 failed to record from 16 
August 2017 to 21 April 2018 and thus only data from 
tree 2 were available for this time period.

Monitoring of settlement on the plates was done 
with macrophotography. Divers visited the site on 9 
July 2017, 16 August 2017, 2 December 2017, and 
8 April 2018 to photograph the settlement plates. 
Photos were taken in a sequence that included an in-
itial photo of the unique identifier tag followed by 
photos of the frosted glass and ceramic clay settle-
ment plate associated with each tag; photos of the en-
tire settlement plate and of each plate’s surface were 
taken at a greater magnification. These photos were 
not used in our analysis as many of the taxa that set-
tled on the plates are difficult, if not impossible, to 
identify even to phylum at this level of resolution. 
However, for slightly larger taxa (≥ ~2 cm) these pho-
tos serve as a permanent record of plate colonization 
and are available for future study (e.g., Figure 2c).

Settlement plates were retrieved on 8 and 21 April 
2018 after ~13 months of immersion. Two plates were 
recovered on 8 April to test the protocol for plate re-
covery; the remainder were recovered in the next 

Figure 2. The settlement plate trees in situ: closeup (a) and with a landscape view (b). Plates were attached to the trees at 
the ends of the branches at a 45° angle. c. is an example of a plate in situ and d. is a plate after retrieval. Photos: Adam Taylor 
(a,b), Diane Reid (c), Sheila Byers (d).
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available window of safe diving weather. Retrieval 
involved divers removing the brackets from the trees 
in situ, storing the brackets with the attached settle-
ment plates in ambient seawater in a 870 mL sand-
wich container (LOCK&LOCKR HPL823, Lock & 
Lock, Seoul, South Korea) with a secure locking lid, 
and bringing them to the surface to be processed. Re
moval of the brackets was done by loosening a 11 mm 
nut that secured them to the tree branches. At the time 
of retrieval, it was discovered that tree 2 had fallen 
over and was leaning on a clump of adjacent sponge. 
The maximum duration when the tree was in this fi-
nal position before retrieval was estimated to be three 
months based on the last observation of it standing 
upright. Four settlement plates were resting directly 
on a clump of sponge while the other four plates on 
the tree were not in contact with the sponge.
Community sampling

Once at the surface, the 16 containers with the in-
dividual plates were processed sequentially. Each 
container was placed inside a larger aluminum pan 
to capture any spillage of seawater as the lid was re-
moved. Approximately three-quarters of the sea
water in the container was poured through a 0.25 mm 
sieve to capture any macrofauna that had been dis-
lodged during transport from depth to surface. These 
dislodged or ‘mobile’ macrofauna are herein re-
ferred to as flocculent. Container spillage in the alu-
minum catch-pan was also poured through the sieve. 
Photographs were taken of the top and bottom sides of 
the plate in a prepreservation state to assist with taxa 
documentation and identification (e.g., Figure 2d). 
The flocculent residue on the 0.25 mm sieve was re-
turned to the original LOCK&LOCKR container us-
ing pre-filtered saltwater (0.25 mm sieve) along with a 
waterproof label identifying each plate. The container 
was then topped up with a 30% solution of 95% etha
nol and pre-filtered saltwater to anesthetize macro-
fauna on the plate and in the flocculent. Several hours 
later, the anesthetizing fluid was decanted through a 
0.25 mm sieve, the flocculent residue on the sieve re-
turned to the container, and the container topped up 
with 95% ethanol. The lid of the container was se-
curely relocked and placed into a cooler for transport 
to Biologica Environmental Services, Victoria, BC 
(a full-service aquatic taxonomy lab) for taxonomic 
identification. The preservation process was repeated 
for each of the 16 plates. The 0.25 mm sieve was 
washed with prefiltered seawater between processing 
of each bracketed plate.

Biologica taxonomists processed each plate by 
identifying and enumerating all organisms attached 
to the surfaces. All organisms were identified using 
a combination of dissecting (10–40×) and compound 
(100–1000×) microscopes and standard taxonomic 

keys to species or lowest practicable level. Either to-
tal abundance data (counts) or total percent cover was 
provided for all organisms, including solitary and co-
lonial taxa, found attached to the top and bottom sides 
of each plate. Because it is often difficult, if not im-
possible, to identify individuals of colonial organ-
isms, their abundance was estimated using % cover. 
Percent cover was visually estimated as the total % 
cover for all colonies of a given species on a side of 
a plate.

Organisms >0.25 mm in length associated with the 
flocculent material in each plate’s container were iden-
tified and enumerated. Organisms found in the floccu-
lent material were either motile organisms (unattached) 
or organisms that may have been dislodged from the 
plate surfaces during transport. Taxa richness and 
abundances were recorded for organisms in the floccu-
lent material. A reference collection of 46 unique taxa 
from the settlement plates was preserved in 95% etha-
nol and is now maintained in the Marine Invertebrate 
Collection of the Beaty Biodiversity Museum, Uni
versity of British Columbia, Vancouver, Canada.
Statistical analysis

Univariate measures of biodiversity (taxa richness 
and Shannon’s diversity) on the plates were compared 
between the relative height above the benthos (lower 
branch versus upper branch, n = 4 plates per tree for 
a total of eight plates) and plate material (ceramic 
clay or frosted glass, n = 4 plates per tree for a to-
tal of eight plates) using a linear mixed effects model 
with tree as a random factor. Tree was included as a 
random factor to account for any effects due to tree 
placement and account for the nested structure of our 
study design. We did not examine the interaction be-
tween plate material and the relative height off the 
bottom, as this was not relevant to our hypotheses. 
The significance of all variables (fixed and random) 
was assessed using the lmerTest package in R version 
3.6.1 (Kuznetsova et al. 2017; R Core Team 2019). 
All taxa associated with a single plate were pooled 
regardless of the side (i.e., top, bottom, or floccu-
lent) on which they occurred. Diversity was analyzed 
separately for solitary and colonial organisms due 
to differences in how their abundance was recorded. 
Overall community structure was compared for all or-
ganism types using redundancy analysis (RDA) with 
presence-absence data. Separate RDAs were com-
pleted for both solitary and colonial animals using 
abundance data. For all RDA analyses the commu-
nity data were transformed with a Hellinger transfor-
mation to meet the assumptions of the analysis. All 
RDAs included height above benthos, plate material, 
and tree as predictor variables. Overall RDA signif-
icance and the significance of individual axes were 
evaluated using analysis of variance. Taxa were con-



6	 The Canadian Field-Naturalist	 Vol. 134

sidered associated with an axis if their goodness-of-fit 
score was 0.5 or higher. All analyses were conducted 
in R (version 3.6.1; R Core Team 2019).
Life history information and settlement timing

We assumed that juvenile taxa had settled on the 
plates relatively recently, within the previous two 
months. A list was generated of all taxa that were both 
identified to at least the genus level and had juveniles 
present on the plates. For these species we searched 
the literature for information regarding when spawn-
ing and/or larval settlement are known to occur. We 
also searched for information regarding larval and ju-
venile duration. The search was first restricted to re-
ports from the northeast Pacific and then expanded to 
a global search. For species where information was 
found, we compared the published information with 
our findings.

Results
Water temperature differed significantly be-

tween the settlement trees during the period from 
March to August 2017 (paired t-test, t15102 = 153.91, 
P < 0.0001): tree 1 was in slightly warmer condi-
tions (mean 9.15°C, range 8.25−10.96°C) com-
pared to tree 2 (mean 9.06°C, range 8.17−10.76°C). 
Overall temperature range recorded in this study was 
8.02−10.96°C.
Qualitative description of the invertebrate community

Overall, 70 taxa from 10 phyla were observed on 
the settlement plates (n = 16, including the top, bottom,  
and flocculent material for all plates). Most taxa 
(58, or 82.9%) were found on fewer than 50% of the 
plates and 28 species (40%) were found on a single  
plate. Three species were found on all 16 plates: Al
cyonidium cf. polyoum (no common name, Bryo
zoa), Irregular Calcareous Tubeworm (Crucigera  
irregularis, Annelida), and Western Calcareous Tube
worm (Pseudochitinopoma occidentalis, Annelida). A 
full list of taxa identified on the plates can be found 
in Table S1. Annelids were by far the most taxa-rich 
phylum on our plates, with 23 taxa observed, followed 
by Cnidaria with 12 taxa observed, then by Bryozoa 
and Mollusca with 10 taxa each. A single taxon was 
observed for three phyla: Nemertea, Platyhelminthes, 
and Porifera. Despite having a single taxon repre-
sentative, both Nemertea and Porifera were found on 
multiple plates (two and seven plates, respectively). 
Fewer taxa were observed on the tops of plates (33) 
than either in the flocculent material (47) or on the 
bottom side (49) of the plates. When only considering 
taxa that were observed more than once (i.e., multi-
ple individuals or distinct colonies were seen) several 
taxa were found to occur on a single side of the plate. 
There were four taxa, each from a different phylum, 
that occurred only on the bottom sides of plates. These 

were Stomatopora sp. (Bryozoa), Tiny White Tunicate 
(Bathypera feminalba, Chordata [Tunicata]), Epiactis 
sp. (Cnidaria) and Doridacea indet. (Mollusca). A sin-
gle taxon from Arthropoda, Balanomorpha indet., was 
found to only occur on the tops of the plates. Eleven 
taxa from four phyla (Annelida, Cnidaria, Mollusca, 
and Nemertea) were found only in the flocculent ma-
terial (marked with a star in Table S1). All taxa found 
only in the flocculent material are mobile species. 
Regardless of the taxonomic level of organization ex-
amined, the bottom sides of plates were the most taxa-
rich (Figure S1). Contrastingly, the flocculent mate-
rial was consistently more diverse when considering 
solitary organisms (Figure S2) while there was no dif-
ference between plate sides in the diversity of colonial 
organisms (Figure S3; no colonial organisms were re-
corded in the flocculent material).
Effects of substrate and relative height above the ben-
thos on invertebrate community composition and 
structure

Taxa richness on individual plates ranged from 11 
to 25 (17.69 ± 4.00, mean ± SD). There was no dif-
ference in species richness attributable to the relative 
height off the benthos (F1,12 = 0.16, P = 0.70), the plate 
material (F1,12 = 0.07, P = 0.79), or the tree the plate 
was attached to (χ2

1 = 0.54, P = 0.46). Similarly, the 
diversity of both solitary and colonial organisms were 
not influenced by relative height off the benthos (soli-
tary: F1,12 = 0.52, P = 0.48; colonial: F1,12 = 0.12, P = 
0.73), plate material (solitary: F1,12 = 1.79, P = 0.21; 
colonial: F1,12 = 3.62, P = 0.08), or the tree to which 
the plate was attached (solitary: χ2

1 = 2.19, P = 0.14;  
colonial: χ2

1 = 2.43, P = 0.12). When the entire com-
munity was examined as a whole using presence-ab-
sence data and relative height off the benthos, plate 
material, and the tree the plate was attached to as ex-
planatory variables, the RDA had an R2

adj of 0.14 and 
one significant axis (F1,12 = 3.41, P = 0.001). The first 
and only significant axis separated the communities 
occurring on the two trees (Figure 3a). The barnacle 
Balanomorpha indet., the nudibranch Aeolidioidea 
indet., and the hydrozoan Clytia hemisphaerica were 
strongly associated with tree 2. When solitary taxa 
were analyzed separately, the same predictor vari-
ables resulted in an R2

adj of 0.09 and one significant 
axis (F1,12 = 2.53, P = 0.02). The significant axis again 
corresponded with the tree to which the plates were 
attached (Figure 3b) and the barnacle Balanomorpha 
indet. and the nudibranch Aeolidioidea indet. were as-
sociated with tree 2. For colonial organisms, the RDA 
had an R2

adj of 0.39 and a single significant axis (F1,12 
= 11.25, P = 0.002), which again corresponded with 
the tree to which the plates were attached (Figure 3c). 
The hydrozoan C. hemisphaerica was associated with 
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tree 2 while the bryozoan Amathia gracilis was asso-
ciated with tree 1.
Settlement timing

Juveniles of 17 taxa identifiable at the species or 
genus level were found on the plates at the time of col-
lection (April 2018; Table 1). Of these, we were able 
to find information regarding spawn timing or larval 
settlement periods in the literature (for either the spe-
cies we observed or members of the same genus) for 
15 taxa. In most cases the information regarding re-
productive timing was not based on studies from the 
northeastern Pacific. Regardless, the reported spawn-
ing or larval settlement timing generally agreed with 
our findings (Table 1). In four cases, Paleanotus bel-
lis, Pododesmus sp., Prionospio (Minuspio) multi-
branchiata, and Prionospio (Minuspio) sp., our ob-
servation of juveniles on the plates in April does not 
correspond to spawning seasons reported in the liter-
ature. In all cases we observed juveniles of these spe-
cies earlier than reported spawning periods. For P. bel-
lis we found reports of spawning occurring between 
May and November with juvenile settlement occur-
ring approximately three weeks later (Rasmussen 
1956; Bhaud et al. 1987; Table 1), but we recorded 
juveniles in April. Similarly, for Pododesmus sp. our 
findings suggest spawning occurred earlier than has 
been previously reported, as Drozdov et al. (2009) 
reported spawning occurring in the Sea of Japan in 
May and then again from August to October. We did 
not find any reports on larval duration for this genus. 
In Atlantic Canada members of the Prionospio ge-
nus were found spawning between May and August 
(Lacalli 1981). It should be noted that Prionospio pa-
tagonica larvae were found in October, November, 
and March in Chile (Radashevsky et al. 2006), tim-
ing that corresponds seasonally to the appearance of 
juveniles on our plates in April, because Chile is in 
the southern hemisphere. In two cases, Lanassa ve-
nusta venusta and Proclea sp., we were unable to find 
any reports of spawn timing in the literature for spe-
cies more closely related than the family level (i.e., in 
a different genus within the same family). For these 
two species there are reports of reproductive timing 

Figure 3. Biplot of the three redundancy analyses con-
ducted using a. presence-absence data from the entire 
community, b. abundance data for solitary, and c. colonial 
organisms on the settlement plates. Species displayed were 
strongly associated with one or both of the axes displayed 
(goodness-of-fit of at least 0.50). There are significant dif-
ferences between the communities found on the two trees. 
Plate material did not significantly influence commun-
ity structure. The taxa names are abbreviated on the fig-
ure panels so that A = Aeolidioidea indet. (nudibranch), AG 
= Amathia gracilis (Bryozoan), B = Balanomorpha indet. 
(barnacle), and CH = Clytia hemisphaerica (hydrozoan).
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for closely related genera. However, our search was 
restricted to members of the same genus and therefore 
we did not include this information in Table 1. For 
the 15 species where we could find reports of the tim-
ing of reproduction and/or larval settlement, we were 
unable to find reports from the northeast Pacific for 
seven species. Therefore, our contribution represents 
the first clues to larval settlement timing in the north-
east Pacific for nine species.
Non-indigenous species

None of the organisms identified to species in our 
study are known to be non-indigenous in BC. We re-
corded taxonomic relatives of non-indigenous species 
in BC with similar life histories (e.g., Eusyllis blom-
strandi and Eusyllis habei are members of the same 
genus as Eusyllis japonica, a non-indigenous spe-
cies in BC; Lu et al. 2007). It should be noted that 
E. blomstrandi may be part of a cryptic species com-
plex in the northeastern Pacific (Kudenov et al. 1995).

Discussion
An important step in the processes of ensuring 

effective ecosystem-level conservation is building 
a thorough understanding of the systems we are at-
tempting to protect. Sponge reefs are a high conser-
vation priority because of their global rarity, slow 
growth and low recovery potential, and the biodiver-
sity they support (Cook et al. 2008; Chu and Leys 
2010; Kahn et al. 2015, 2016; Dunham et al. 2018). 
Previous work using remote video surveys has pro-
vided a thorough description of the larger fauna oc-
curring on the reefs, yet a gap remained in our un-
derstanding of small taxa not detectable using remote 
methods. Here we present the first report of inverte-
brate settlement on a sponge reef in the Salish Sea 
and increase our understanding of biodiversity on 
sponge reefs.

There have been three previous studies on small 
macroinvertebrate fauna on sponge reefs in BC. 
However, all of these studies have occurred on the 
reefs in Hecate Strait (over 600 km to the northwest) 
and have studied animals found in cores or settled on 
sponges collected from the reef. Krautter et al. (2001) 
collected cores from the reefs in Hecate Strait and de-
scribed a macroinvertebrate faunal community domi-
nated by polychaetes and bryozoans, consistent with 
what we found in Howe Sound. Cook (2005) de-
scribed the polychaete community on sponge reefs 
from cores taken within and around the Hecate Strait 
sponge reefs. They found 105 species of polychaetes 
from 27 families. We identified 22 polychaetes from 
nine families (Table S1). Interestingly we did not find 
any species reported in Cook (2005) and only two 
genera and four families were found in both stud-
ies. The Hecate Strait reefs and the reef in our study 

are separated by over 600 km and there is over a 100 
m difference in the depth, those in Howe Sound be-
ing shallower. Therefore, it may be unsurprising that 
the taxa found in the two studies overlapped so little. 
Cook (2005) found a statistically significant differ-
ence in the polychaete communities on sponge reefs 
when compared to non-reef habitat immediately adja-
cent to the reefs. In the future it may be interesting to 
repeat a study similar to ours but with settlement plate 
trees located at similar depth in the off-reef habitat.

In a recent study, Guillas et al. (2019) looked at 
the macrofauna settled on F. occa individuals col-
lected from a Hecate Strait reef. Despite the fact that 
their study and ours had only one species in common 
(Arctic Hiatella, Hiatella arctica) the overall com-
munity structure was similar with a community com-
posed largely of sponges, bryozoans, molluscs, and 
polychaetes. However, our study documented two 
new phyla occurring on sponge reefs (Nemertea and 
Platyhelminthes) and expanded our knowledge of 
the settlement timing of invertebrates in this system. 
While our study failed to document any reef-build-
ing sponge settlement, Guillas et al. (2019), who col-
lected reef-building sponges with both live and dead 
portions, found many small reef-building sponges po-
tentially representing many settlement pulses over the 
past year. This is consistent with observations made 
by Kahn et al. (2016), who observed evidence of mul-
tiple reproductive events within a year on the Galiano 
Ridge sponge reef in the Salish Sea. While it is still 
unclear what environmental cues lead to spawn-
ing in reef-building glass sponges, it is likely, given 
other studies that report evidence of multiple spawn-
ing events within a calendar year, that reef-building 
sponges spawned while our settlement plates were de-
ployed, but larvae did not recruit to the plates.

We did not find any difference in taxa richness, 
diversity, or community structure associated with the 
relative height above the benthos. In other words, 
height above benthos did not appear to structure the 
community on our settlement plates. This may have 
been for several reasons. First, the two trees were 
pushed into the substrate to different depths so that 
the branches were at 0.5 (tree 1), 0.65 (tree 2), 0.74 
(tree 1), and 0.89 m (tree 2) above the benthos. If the 
data are reanalyzed so that actual height above ben-
thos, rather than relative height above benthos, is in-
cluded as a predictor variable the conclusions are still 
the same. A second reason is that a 0.24 m difference 
in height between the two branches is not large, par-
ticularly considering that sponges on BC’s sponge 
reefs can often grow to be over 1 m tall (Conway et 
al. 2005). However, in other systems, such as seagrass 
beds, similar height differences have been found to in-
fluence survival, and therefore community structure, 
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of invertebrates (Pohle et al. 1991). Plate material 
similarly had no impact on taxa richness, diversity, 
or community structure. It is possible that both plate 
materials presented too similar a surface to influence 
community structure.

Although we did not test for it statistically, we did 
find that the side of the settlement plate was an im-
portant factor influencing taxa richness and diversity. 
Many marine invertebrates have a pelagic portion of 
their larval life history during which they are photo-
sensitive, meaning exposure to light influences their 
behaviour (Thorson 1964). The vast majority of pho-
tosensitive larvae become photonegative, or move 
away from light, as they begin to settle out of the water 
column and into the benthic system (Thorson 1964). 
This behaviour often results in larvae settling onto 
the undersides of available surfaces as these are the 
surfaces with the lowest light levels (Thorson 1964), 
which is consistent with our findings. However, light 
levels are consistently low at our study site and fur-
ther research would be necessary to determine if this 
behaviour is the cause of the patterns we observed. 
The high richness and diversity of taxa found in the 
flocculent material is also not surprising; these taxa 
were overwhelmingly motile. Other settlement plate 
studies, with sampling protocols that allowed for the 
capture and enumeration of motile taxa, have simi-
larly reported high diversity in this group (Gartner 
2010). Perhaps more surprising was the consistent 
difference in community between the two trees. One 
of the trees (tree 2) was toppled over at some point in 
the last three months of our study, it is possible that 
this led to the differences we observed as there was 
a significant difference in the total abundance of sol-
itary taxa between the two trees (t12.51 = ‒2.71, P = 
0.02). Additionally, we did observe a small, but sta-
tistically significant difference in the water temper-
atures recorded at each tree in the beginning of the 
study. While it is unlikely that this small difference in 
temperature would drive the differences in diversity, 
it may be indicative of an environmental gradient pre-
sent within the sponge reef that relates to water move-
ment and sedimentation and thus, likely, larval disper-
sal within the sponge reef. It is also possible that the 
difference in surrounding reef-building sponge abun-
dance affected local fine-scale currents and influenced 
the species settling on each tree. Further study is war-
ranted to investigate environmental gradients and the 
importance of local fine-scale current patterns within 
sponge reefs and how these relate to larval settlement 
and biodiversity patterns.

This is the first published settlement plate study at 
these depths in BC (31.7–33.5 m). Consequently, the 
species found on our plates largely differed from those 
in other, shallower, settlement plate studies in BC, but 

the overall community structure observed was similar 
with polychaetes, hydroids, and bryozoans being prev-
alent (Greene and Schoener 1982; Greene et al. 1983; 
Gartner 2010). One species we observed, L. v. venusta 
(phylum Annelida), is reported to be commensal with 
pagurids (hermit crabs; Hoberg et al. 1982), which 
have been observed on sponge reefs in the Salish Sea 
(Dunham et al. 2018). Interestingly, we did not observe 
any plumose anemone (Metridium) species settling on 
the plates despite the fact that they are a common mem-
ber of settlement plate communities in BC (Greene and 
Schoener 1982; Greene et al. 1983; Gartner 2010) and 
are commonly observed around sponge reefs in the 
area (Dunham et al. 2018). The presence of predators 
can significantly influence the development of fouling 
communities (Nydam and Stachowicz 2007). While the 
majority of the species we observed were filter-feed-
ers, we did collect several predatory species includ-
ing a number of polychaetes, a nudibranch, and some 
parasitic species. For example, members of the genus 
Proceraea (phylum Annelida) have been reported as 
predators and parasites of bryozoans, sponges, ascid-
ians, echinoderms, cnidarians, and decapods (Martín 
and Britayev 1998). Consequently, the presence of 
predatory polychaetes and nudibranchs on our plates 
may have prevented us from detecting the settlement 
of some common members of the invertebrate commu-
nity. However, it should be noted that there were re-
cords of unidentified Actiniaria and Anthozoa juveniles 
from four plates. It is possible that these may have been 
Metridium juveniles. Future work is needed to fully 
unravel processes determining macroinvertebrate com-
munity development within sponge reefs.

We found juveniles identifiable to at least the ge-
nus level from four phyla present on our settlement 
plates (Annelida, Chordata [Tunicata], Cnidaria, and 
Mollusca; Table 1). Of the 17 unique taxa that we ob-
served as juveniles we could find records of the tim-
ing of spawning and/or larval settlement for 15. Of 
these 15 taxa, eight had either spawn or larval settle-
ment times reported in studies in the northeast Pacific 
and only one species had been studied in BC. Our ob-
servations of juveniles corresponded with the pub-
lished timing of spawning or larval settlement for all 
taxa in studies conducted in the northeast Pacific. To 
the best of our knowledge our study is the first to elu-
cidate potential spawn timing in L. v. venusta and a 
Proclea species. Members of this family are reported 
to spawn anytime throughout the year and display a 
wide range of life history strategies (McHugh 1993). 
Despite the wide variation in reproductive strategies 
in this family, all species seem to have a relatively 
short planktonic larval duration period (0–7.5 days; 
McHugh 1993 and references therein). Consequently, 
we can infer that spawning likely occurred in these 
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species in the weeks leading up to plate collection. 
Overall, over 51% of the individual organisms we ob-
served, across all plates and taxa, were juveniles. The 
high number of juveniles on our settlement plates at 
the time of collection corresponds well with the hy-
pothesis that many invertebrates in coastal BC waters 
spawn in the spring (Gartner 2010).

Although we did not have any reef-building 
sponges recruit to our settlement plates, continued 
settlement plate deployments focussed on testing dif-
ferent settlement materials and placement within the 
reefs could help fill important knowledge gaps on the 
factors influencing reef-building sponge recruitment. 
Additionally, continued settlement plate deployment 
could serve as an important monitoring tool for early 
detection of aquatic invasive species. Overall, our 
study helps to improve our understanding of biodi-
versity on sponge reefs.
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Abstract
Bumble bees (Bombus Latrielle: Apidae) are important pollinators; however, declines of several species have been docu
mented worldwide. Although pathogens have been linked to some declines, the biology, distribution, and impacts of most 
pathogens are poorly understood. Here, we report the first record of a recently characterized protozoan pathogen, Crithidia 
expoeki Schmid-Hempel & Tognazzo (Trypanosomatida: Trypanosomatidae), from bumble bees in Canada. This provides 
further insight on its global distribution and importance as a threat to bumble bees in Canada.
Key words: Crithidia; bumble bees; pathogens; Canadian distribution

Introduction
Bumble bees (Bombus Latrielle: Apidae) are im-

portant pollinators in both agricultural and natu-
ral landscapes (Batra 1995; Frier et al. 2016; Gibbs 
et al. 2016), but, unfortunately, some native spe-
cies are experiencing dramatic declines in popula-
tion size, range, or both. In Canada, six bumble bee 
species have been assessed as species at risk by the 
Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC). Three of these belong to the sub-
genus Bombus Latrielle sensu stricto: Rusty-patched 
Bumble Bee (Bombus affinis Cresson; Endangered; 
COSEWIC 2010), Western Bumble Bee (Bombus oc-
cidentalis Greene; Threatened; COSEWIC 2014a), 
and Yellow-banded Bumble Bee (Bombus terri-
cola Kirby; Special Concern; COSEWIC 2015). 
Two belong to the subgenus Psithyrus Lepeletier: 
Gypsy Cuckoo Bumble Bee (Bombus bohemi-
cus (Seidl); Endangered; COSEWIC 2014b) and 
Suckley’s Cuckoo Bumble Bee (Bombus suckleyi  

Greene; Threatened; COSEWIC 2019 in press). 
Both Psithyrus species that have been assessed by 
COSEWIC are nest parasites or cuckoos of the three 
members of the subgenus Bombus indicated above. 
The sixth species, American Bumble Bee (Bombus 
pensylvanicus (De Geer)), is not closely related to any 
of the others, but was also recently assessed (Special 
Concern; COSEWIC 2018). All these species have 
been assessed based on declines in population abun-
dance, decreases of their former ranges, or both.

Previously, declines in bumble bee populations 
have been linked to pathogens and parasites (Colla 
and Packer 2008; Cameron et al. 2011; Graystock et 
al. 2013; Tripodi and Strange 2018), but our knowl-
edge is still incomplete with respect to all of the or-
ganisms involved and their relative importance. This 
lack of detailed knowledge of presumed threats has 
important implications for conservation assessments, 
such as those of COSEWIC, especially when the 
causes of declines are not specifically known. Thus, 
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knowing the specific pathogens involved helps to de-
termine the conservation status.

The Trypanosomatidae (Trypanosomatida) are a  
diverse group of flagellated protozoan parasites, and 
many species are of medical and agricultural import
ance (Dedet and Pratlong 2000; Podlipaev et al. 2004). 
For example, Crithidia bombi Lippa & Triggiani is 
a common, widespread parasite of bumble bees and 
was the first flagellated protozoan identified from 
their guts (Gorbunov 1987). Recently, molecular data 
helped differentiate a second species of Crithidia, 
Crithidia expoeki Schmid-Hempel & Tognazzo, from 
the closely related Crithidia bombi (Schmid-Hempel 
and Tognazzo 2010). Initially, Schmid-Hempel and 
Tognazzo (2010) found both species of Crithidia in 
Alaska (USA) and Switzerland, and subsequent sur-
veillance has detected C. expoeki in the contiguous 
United States and Mexico (Gallot-Lavallée et al. 
2016; Tripodi et al. 2018). Crithidia expoeki is ex-
pected to be as widespread as C. bombi (Tripodi et al. 
2018), although additional data are needed to confirm 
the presence of this recently described pathogen and 
determine its distribution and host(s).

Crithidia infections in bumble bees have been 
reported at individual, colony, and population lev-
els. Crithidia infections are typically chronic and 
rarely lead to mortality except under conditions of 
nutritional limitation (Brown et al. 2000; Conroy 
et al. 2016). Workers infected with Crithidia ex-
hibit reduced foraging efficiency because of an im-
paired ability to learn the colour of rewarding flowers 
(Gegear et al. 2006), ultimately resulting in nega-
tive impacts on colony (Otterstatter et al. 2005) and 
plant reproductive success (Waser 1983). In spring, 
bumble bee queens infected with Crithidia are less 
fit than their uninfected counterparts, making them 
less able to establish colonies successfully; colo-
nies started by infected queens yield fewer workers 
and reproducing individuals, which lowers the over-
all genetic variability of populations (Brown et al. 
2003). When genetic variation within bumble bee 
populations decreases, it reduces the ability of colo-
nies to overcome the pressures of parasitism (Liersch 
and Schmid-Hempel 1998) and likely other stressors 
(Zayed 2009).

Crithidia bombi and C. expoeki outbreaks can 
spread rapidly because these monoxenous (i.e., re-
quiring one host) parasites do not require a vector for 
transmission between hosts (Maslov et al. 2013), un-
like the many heteroxenous trypanosomatids that re-
quire two hosts and depend on an insect vector for 
transmission between them. Crithidia are transmitted 
horizontally within colonies via contaminated sur-
faces and food, whereas transmission between colo-
nies occurs via flower sharing (Durrer and Schmid-

Hempel 1994), although the pathogen can only sur-
vive outside a living host for short periods (Imhoof 
and Schmid-Hempel 1999).

Crithidia bombi and C. expoeki are microscopic 
and their appearance varies throughout their life cy-
cles, making it difficult to distinguish between spe-
cies morphologically. Historically, polymerase chain 
reaction (PCR) for detecting Crithidia in bumble bees 
did not distinguish below the genus level; thus, all 
positive results were assumed to be C. bombi, as no 
other taxa were recognized (Tripodi et al. 2018). The 
two species of Crithidia were distinguished by DNA 
sequencing (Schmid-Hempel and Tognazzo 2010). 
More recently, Tripodi et al. (2018) developed a two-
step multiplex PCR protocol using species-specific 
primers that can distinguish C. bombi and C. expoeki 
in samples. This multiplex assay can also detect unex-
pected trypanosomatid relatives that can be identified 
through subsequent DNA sequencing.

Although Crithidia is distributed globally (Durrer 
and Schmid-Hempel 1995), it is unclear whether in-
dividual species follow specific geographic patterns. 
In the United States, C. bombi is more common than 
C. expoeki, but co-infections by both are more com-
mon than single C. expoeki infections (Tripodi et al. 
2018). In southern Mexico, bumble bees were more 
commonly infected by an undescribed Crithidia spe-
cies “Crithidia mexicana”, followed by C. expoeki, 
with only rare cases of C. bombi (Gallot-Lavallée et 
al. 2016). Currently, “C. mexicana” has not been de-
tected in North America north of Mexico (Tripodi et 
al. 2018), suggesting that trypanosomatid parasites 
of bumble bees may follow geographic patterns, al-
though more species-specific studies are needed to in-
terpret distribution patterns. Here, we present the first 
report of C. expoeki in Canada.

Methods
In July 2016, bumble bees were collected through-

out Saskatchewan for a preliminary study to assess 
their pathogens. Bees were captured using aerial nets 
and stored individually in 1.5-mL Eppendorf tubes 
filled with 100% ethanol. The individual bees were 
frozen until they were ready to be processed. Each 
bee gut was dissected and screened for additional 
parasites or abnormalities in the haemocoel, be-
fore midgut, fat bodies, Malpighian tubes, and hind 
gut were removed; voucher specimens used in this 
study were placed in the invertebrate zoology col-
lection at the Royal Saskatchewan Museum. Sterile 
techniques were used to prevent cross-contamination 
among the samples. DNA was extracted from the gut 
and fat body tissue using a modified protocol 6 from 
Sambrook and Russel (2001). Trypanosomatids were 
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screened using the two-step multiplex PCR devel-
oped by Tripodi et al. (2018), which detects and dif-
ferentiates between Crithidia species.

Results
In a subsample of 30 bumble bees, collected from 

two sites in Saskatchewan (53.2517°N, 104.4757°W; 
52.4952°N, 103.5213°W), 44% tested positive for 
Crithidia spp. Of those Crithidia-positive individu-
als, 58% tested positive for C. bombi, 25% for C. ex-
poeki, and 8% for an uncharacterized typanosomatid 
(Table 1).The positive-testing individuals occurred in 
three bumble bee species: Tri-coloured Bumble Bee 
(Bombus ternarius Say), Yellow-banded Bumble Bee, 
and Half-black Bumble Bee (Bombus vagans Smith). 
One B. vagans tested positive for both Crithidia spe-
cies; for three samples, we were unable to diagnose 
because of failed reactions (Table 1).

Discussion
Historically, C. bombi and C. expoeki were consid-

ered the same species; therefore, little is known about 
the more recently defined latter species, including its 
geographic distribution, host specificity, and the spe-
cific or differing effects it has on its hosts. Although 
these effects and host specificity are not considered 
here, our study does present the first confirmed de-
tection of C. expoeki in Canada, which offers some 
new insight on its distribution. Recommendations for 
future studies screening for Crithidia should distin-
guish between species and screen for any possibly un-
characterized trypanosomatids. As several species of 
bumble bee are considered at risk in Canada, includ-
ing the six assessed by COSEWIC, future screening 
for C. expoeki from recent (and historical) collections 
would provide valuable information about the impor-
tance of trypanosomatids in these declines.

The causes of declines in Canadian bumble bees 
are poorly understood, but likely include pesticides, 
competition with introduced/managed species, reduc-
tions in flowering plants and other land use practices, 
climate change, and pathogens (Cameron et al. 2011). 
There is still much to learn about the specific path-

ogens involved in addition to their mode of transfer 
and infection, cumulative effect when combined with 
other threats, and geographic distribution.
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Abstract
Ecosystems and community structure fluctuate over time as a result of natural and anthropogenic factors that may affect prey 
availability and population dynamics. Most of what we know about St. Lawrence Estuary (SLE) Beluga (Delphinapterus 
leucas) diet comes from stomach contents collected 80 years ago mainly from a hunting site that Beluga no longer use. How 
reflective these data are of Beluga diet at other sites and at the current time is unknown. In the context of the recent popula-
tion decline, general information of prey species alone may help identify useful conservation actions for potentially impor-
tant prey or habitats. Here, we examined the diet of SLE Beluga using digestive tracts collected from carcasses recovered 
over the past 30 years, in the context of historical diet data and recent changes in the St. Lawrence ecosystem. We showed 
they have a varied diet composed of fish and invertebrates generally <30 cm in length, and that adult males and females 
differ in their summer diet in a way that is consistent with the sex segregation observed in this population. Our results also 
indicate that polychaete worms, squid, and cod are still among the most prevalent prey, and that species such as redfish 
(Sebastes spp.) might be important prey items. This study shows that Beluga diet has changed since the 1930s, and that prey 
from digestive tracts identified to species are valuable for making comparisons to the past, and for improving applications 
of molecular analyses, such as stable isotopes and fatty acids.
Key words: Delphinapterus leucas; foraging ecology; diet; Beluga; ecosystem change

Introduction
Ecosystems and community structure fluctuate 

over time as a result of a variety of natural and an-
thropogenic factors. These environmental changes 
may modify prey availability and affect predator pop-
ulation dynamics. Without contemporary information 
on diet composition and foraging ecology, predicting 
a population’s response to human stressors and cli-
mate variability remains a challenge (Bowen 1997).

A small population of Beluga whale (Delphina
pterus leucas) persists in the St. Lawrence Estuary 
(SLE), Canada (Figure 1), since the last glaciation 
(Harington 1977). Full protection from hunting since 
the late 1970s should have allowed this population to 
grow. Instead, the population has remained stable or 
may have increased slightly until the early 2000s but 
is in a steady decline at a rate of about 1% per year 
since then (Mosnier et al. 2015). This led to a change 
in conservation status from Threatened to Endan
gered by the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC 2014), and under the  
Canadian Species at Risk Act (Canada Gazette 2016). 
Reasons for the lack of recovery and current decline 
may include contamination, disruption of critical ac-
tivities by vessel traffic, and reduced access or avail-
ability of prey as a result of ecosystem change (DFO 
2014). Understanding Beluga diet and foraging ecol-
ogy may help identify dietary sources of toxic sub-
stances, and prey species and habitats most valuable  
to Beluga recovery.

Most of what we know about SLE Beluga diet 
comes from stomach contents collected 80 years ago 
mainly from a hunting site no longer used by SLE 
Beluga (Vladykov 1946). How reflective these data 
are of the current Beluga diet and at other sites is un-
certain. Since the 1930s, the St. Lawrence marine eco-
system has seen an increase in abundance of potential 
competitors such as Gray Seal (Halilchoerus grypus) 
and Harp Seal (Pagophilus groenlandicus; Hammill 
et al. 2015, 2017), and the collapse of several com-
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mercially exploited demersal fish species, with a con-
current expansion of some crustacean and small pe-
lagic fish stocks (Worm and Myers 2003; Savenkoff 
et al. 2007). Species such as Northern Shortfin Squid 
(Illex illecebrosus) and Atlantic (Gadus morhua) 
or Greenland (Gadus ogac) Cod, which were con-
sumed regularly during the 1930s, are scarce in re-
cent SLE scientific fisheries, raising questions about 
their availability to Beluga. American Eels (Anguilla 
rostrata), which were suspected to be an important 

source of PCBs and other persistent organic pollut-
ants including Mirex in Beluga, collapsed in the SLE 
in the 1990s (Hickie et al. 2000; Cairns et al. 2014). 
Meanwhile, severely depleted fish populations such 
as redfish (Sebastes spp.) and Striped Bass (Morone 
saxatilis) are currently rebounding from low levels 
(COSEWIC 2012; Brassard et al. 2017; DFO 2017; 
Vanalderweireldt 2019).

Insights into SLE Beluga contemporary diet might 
be obtained from quantitative dietary mixing mod- 

Figure 1. Study area, in the St. Lawrence Estuary, Canada. Upper estuary and lower estuary refer to sectors located 
west and east of the Saguenay River, respectively. The main hunting site in the Vladykov (1946) study was located on 
Manicouagan bank, right off Manicouagan River. In our study, Beluga (Delphinapterus leucas) were collected for stomach 
contents throughout the St. Lawrence Estuary.
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els that exploit molecular tracers such as stable iso-
topes or fatty acids (e.g., Iverson et al. 2004; Moore 
and Semmens 2008; Parnell et al. 2010). However, 
an important assumption of these models is that all 
potentially important prey are included in model in-
puts. Analysis of digestive tracts allows prey to be 
identified from hard structures such as fish otoliths 
or bones, cephalopod beaks, and polychaete jaws 
(Pierce and Boyle 1991). For SLE Beluga, oppor-
tunities to sample digestive tracts are limited to ani-
mals found dead, the majority of which have empty 
guts or contain only traces of food as they generally 
die after a period of anorexia (Lair et al. 2016). While 
these samples are unsuitable for quantitative diet as-
sessment, they are valuable for identifying current 
prey species for comparison to the past and for other 
diet analyses. In the context of the recent population 
decline, identifying prey species may guide conser-
vation actions important for SLE Beluga. Here, we 
examine the contemporary diet of SLE Beluga using 
digestive tracts collected from carcasses recovered 
over the past 30 years, in the context of historical diet 
data and recent changes in trophic structure of the  
St. Lawrence ecosystem.

Methods
Starting in 2007, digestive tracts were collected 

from well-preserved or moderately decomposed (fresh
ness codes ≤3; Geracy and Lounsbury 1993) Beluga 
reported dead in the SLE and examined systematically  
for prey remains using standard protocols (Hammill 
et al. 2005). Sex and age were available for each indi
vidual; only individuals one year or older (i.e., likely 
to have ingested solid food; Brodie 1971; Matthews 
and Ferguson 2015) were included in the analysis. 
Age was determined from tooth dentinal layers, using 
a longitudinal midline section or half tooth, and high-
resolution (4800 dpi optical resolution, 24-bit col-
our) digital imagery (Epson scanner Perfection V500 
photo, Epson Canada Limited, Markham, Ontario, 
Canada) to allow for magnification, light, and contrast 
adjustments. One growth layer group (GLG) was as-
sumed to be deposited each year (Stewart et al. 2006; 
Hohn et al. 2016; Waugh et al. 2018).

Digestive tracts were first examined for potential 
lesions. They were then extracted and frozen at –20°C 
until shipping and analysis for contents. They were 
confined to clean trays during the exam to avoid con-
tent loss. However, volume and mass of prey remains 
are likely to be imprecise due to digestion and are not 
reported here. Stomach and intestinal contents were 
examined separately but are presented in combination 
for this study. Each of the four stomach compartments 
were rinsed three times to ensure full recovery of con-
tents. Stomach contents were then sorted using a fine

mesh sieve (125 µm). Prey remains were identi-
fied to the lowest taxon possible using hard parts 
(i.e., otoliths and bones for fish, and beaks for ceph-
alopods; Clarke 1986; Murie and Lavigne 1986).

Otoliths were assigned to one of three classes de-
pending on degradation state. Class 1 included well 
preserved otoliths, Class 2 those eroded along mar-
gins but with few degradation marks, and Class 3 oto-
liths with erosion on both dorsal and ventral margins 
and internal and external areas. Prey size was esti-
mated using otolith length/fish length relationships 
developed from samples collected during research 
cruises from Fisheries and Oceans Canada or us-
ing values from the literature (Bowen and Harrison 
1996; Proust 1996; Hammill et al. 2007). A random 
subsample of 30 otoliths per species was measured 
when a large number of otoliths was present in a sam-
ple. Few Class 1 and 2 otoliths were obtained from 
the decaying Beluga carcasses; Class 3 otolith were 
also measured and reported separately to provide fish 
length minima. Given the small number of digestive 
tracts with some content (see Results), no attempt 
was made to quantify diet composition in terms of 
energy or mass contributions. Prey items were ana-
lyzed for frequency of occurrence only (Bowen and 
Harrison 1996). Empty stomachs were excluded from 
calculations.

Results
Between 2007 and 2019, 79 Beluga were exam-

ined systematically for prey remains. An additional 10 
Beluga with prey remains sampled in the late 1980s (n 
= 2), mid-1990s (n = 2), and early 2000s (n = 6) were 
also included in this study. The sample (n = 89) was 
skewed toward females (61 females versus 28 males), 
mature individuals (87% were eight years or older), 
and ice-free months (only four carcasses collected 
during winter, i.e., December through March). Fifty-
seven percent (45/79) of the systematically examined 
digestive tracts (i.e., 2007 onward) contained identifi-
able prey remains, with 13% (10/79) of the tracts hav-
ing food in more than trace amounts, i.e., more than 
15 otoliths or invertebrate parts.

Twenty-eight taxa, 18 fish and 10 invertebrate spe-
cies, were represented in digestive tracts (Table 1; de-
tailed diet data in Table S1). On average, 2.4 (SD = 
2.2) prey species were detected per Beluga, although 
11 different species were detected in one Beluga (nine 
fish, two invertebrates). Our limited data on fullness 
indices show no evidence for a fast and feast pat-
tern over seasons in this population (Figure 2). Prey 
diversity in digestive tracts that contained food in 
amounts greater than trace, varied among months, 
but without following a clear seasonal pattern (Table 
2). Both invertebrate and fish prey were detected in 
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Table 1. Species frequency of occurrence (% of digestive tracts with prey remains) in the diet of Beluga (Delphinapterus 
leucas) hunted mainly at the Banc de Manicouagan in 1938–1939 (Vladykov 1946: 60), or collected in various regions of 
the St. Lawrence Estuary via Beluga carcass recovery between 1989 and 2019 (our study).

Taxon
Vladykov 1938–1939 Our study 1989–2019

n % (n = 107) n % (n = 59)
Fishes 107 36
Ammodytidae

Sand lance (Ammodytes sp.) 58 54 4 7
Clupeidae

Atlantic Herring (Clupea harengus) 2 2 2 3
Osmeridae

Capelin (Mallotus villosus) 54 51 7 12
Rainbow Smelt (Osmerus mordax) 1 1 4 7

Scombridae
Atlantic Mackerel (Scomber scombrus) — 1 2

Gadidae
Atlantic Cod/Greenland Cod (Gadus morhua/Gadus ogac) 45 42 10 17
Atlantic Cod (Gadus morhua) — 3 5
Atlantic Tomcod (Microgadus tomcod) 18 17 1 2
Haddock (Melanogrammus aeglefinus) 2 2 —
White Hake (Urophycis tenuis) — 5 8
Silver Hake (Merluccius bilinearis) — 1 2
Red Hake (Urophycis chuss) 1 1 —
Fourbeard Rockling (Enchelyopus cimbrius) — 3 5
Ocean Pout (Zoarces americanus)/Lycodes sp. 2 2 2 3
Gadidae (unspecified) — 5 8

Macrouridae
Marlin-spike (Nezumia bairdii) — 2 3

Scorpaenidae
Redfish (Sebastes sp.) — 9 15

Cyclopteridae
Snailfish (Liparis sp.)* 4 4 1 2
Lumpfish (Cyclopterus lumpus) 1 1 1 2

Cottidae
Sculpins (Myoxocephalus sp.) 35 33 1 2
Daubed Shanny (Leptoclinus maculatus) — 1 2
Cottidae (unspecified) — 3 5

Anguillidae
American Eel (Anguilla rostrata)† — 1 2

Pleuronectidae
Witch Flounder (Glyptocephalus cynoglossus) 1 1 —
Winter Flounder (Pseudopleuronectes americanus) 9 9 1 2
Smooth Flounder (Pleuronectes putnami) 5 5 1 2

Rajidae
Smooth and Thorny Skate (Malacoraja senta, Amblyraja radiata, 
and skate sp.)

6 6 —

Petromyzontidae
Sea Lamprey (Petromyzon marinus) 2 2 —

Acipenseridae
Atlantic Sturgeon (Acipenser oxyrinchus) 3 3 —
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digestive tracts (Table 1). Fish with the highest oc-
currences were demersal species, i.e., cod (either 
or both G. morhua and G. ogac), redfish (Sebastes 
sp.) and hake (White [Urophycis tenuis] and Silver 
[Merluccius bilinearis] Hake), with occurrences var-
ying from 10 to 22%. Small pelagic or bottom-dwell-
ing species such as Capelin (Mallotus villosus), sand 
lance (Ammodytes sp.), and Rainbow Smelt (Osmerus 
mordax) were present in 12, 7, and 7% of the tracts, 
respectively. Among invertebrates, polychaete worms 
were the most common prey with a 39% occurrence, 
followed by decapod shrimp (15%) and Northern 
Shortfin Squid (8%).

There was no clear seasonal trend in different prey 
occurrences in SLE Beluga in general or by sex (not 
shown). However, some patterns emerged when ex-
amining prey assemblages in individual Beluga per 
sector/month. Except for one adult male sampled at 
Rivière-Ouelle (upper estuary) in early May, which 
contained 1933 Capelin otoliths, all other Beluga sam-
pled in the upper estuary between June and September 
(n = 8) were adult females. The females fed on small 
pelagic or bottom-dwelling fish such as Capelin, sand 
lance, Atlantic Herring (Clupea harengus) or Rainbow 
Smelt, on Northern Shortfin Squid and polychaete 
worms, and on prey not reported elsewhere in the 
SLE, which included Atlantic Tomcod (Microgadus 

tomcod), Smooth Flounder (Pleuronectes putnami), 
and Winter Flounder (Pseudopleuronectes amer-
icanus). Although some Beluga found dead in the 
lower estuary might have drifted there from the up-
per estuary, lower estuary Beluga differed from up-
per estuary Beluga by including both females and 
males that contained multiple demersal fish species, 
including cod (Atlantic or Greenland Cod), redfish, 
and White and Silver Hake. Note that while Atlantic 
Cod were specifically identified among prey remains 
in three samples, cod otoliths in seven other samples 
were too eroded to be identified to species as Atlantic 
or Greenland Cod.

Polychaete worms, Capelin, hakes, and cephalo-
pods (Northern Shortfin Squid or Northern Atlantic 
Octopus [Bathypolypus bairdii]) followed no clear 
gender-based, seasonal, or spatial trends in our sam-
ple. However, some species showed a seasonal pat-
tern in Beluga digestive tracts: American Eels were 
detected only in October (one Beluga); sand lance 
and Atlantic Herring only in April or September sam-
ples; and Rainbow Smelt only in April, and then from 
late August through October (Figure 3). Demersal fish 
species from the families Zoarcidae, Macrouridae, 
Liparidae, Cyplopteridae, and Cottidae, were found 
in trace amounts in samples, and only outside of sum-
mer months, i.e., in April, May, and from September 

Table 1. Continued.

Taxon
Vladykov 1938–1939 Our study 1989–2019

n % (n = 107) n % (n = 59)
Salmonidae

Atlantic Salmon (Salmo salar) 1 1 —

Invertebrates 91 28
Polychaeta

polychaete worm (Nereis virens) 64 60 23 39
Cistenides gouldii 22 21 —

Crustacea
Decapod shrimp 69 65 9 15
Amphipod gammarid 37 35 1 2
Other 4 4 —

Mollusca
Gastropods Waved Whelk (Buccinum undatum) and periwinkle 
(Littorina sp.)

19 18 4 7

Bivalvia lamellibranch (Cyrtodaria/Mesodesma) 37 35 1 2
Cephalopod Northern Shortfin Squid (Illex illecebrosus) 35 33 5 8
Cephalopod Northern Atlantic Octopus (Bathypolypus bairdii) ‡ 21 20 3 5
Cephalopod (unspecified) — 2 3

Other 68 64 —

*Named Neoliparis atlanticus in Vladykov (1946).
†Most likely identification from eroded otolith.
‡Bathypolypus obesus in Vladykov (1946).
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through November. Males consumed redfish in all 
sampled seasons, while females only in April, or 
September and October (Figure 4).

The estimated overall mean length of prey found 
in SLE Beluga digestive tracts using unworn or mod-
erately worn otoliths was 19.8 cm (SE = 1.2 cm, n 
= 97, range 5.9–54.8 cm), and when including worn 
otoliths was 20.3 cm (SE = 0.4 cm, n = 533, range 
4.6–54.8 cm). This mean value changed little (by 0.4–
0.5 cm) depending on whether cod otoliths were as-
sumed to be Atlantic or Greenland Cod. The smallest 
fish consumed were Capelin with a mean length of 
11.4 cm (SE = 0.15 cm; n = 49), while the largest were 
White Hake with a mean length of 45.9 cm (SE = 2.97 
cm; n = 4). With the exception of Atlantic/Greenland 
Cod and hake, most Beluga preys were on average 30 
cm or less in length (Table 3, Figure 5).

Discussion
A variety of physiological and ecological fac-

tors can influence prey selection, energy intake, and 

feeding strategies of marine predators like Beluga 
(Stephens and Krebs 1986). These include prey avail
ability and energy content, the predator’s energy re-
quirements, behavioural and physiological constraints 
such as those that body size or the presence of a de-
pendant calf impose on prey type and size, and on 
dive duration and depth (Salton et al. 2019). Seasonal 
and spatial patterns that are observed in diet composi-
tion among populations or among individuals of dif-
ferent reproductive, age, or sex classes likely reflect 
some of these constraints.

The Estuary and Gulf of St. Lawrence like other 
ecosystems worldwide have undergone profound eco-
systemic changes as a result of overfishing and ocean 
warming (Worm and Myers 2003; Stenseth et al. 
2004). An analysis incorporating 94 physical and bi-
ological variables over a 40-year period for the Gulf 
of St. Lawrence underscored the massive drop in de-
mersal fish biomass in the early 1990s, the increase in 
atmospheric and water temperatures, and decrease in 
sea ice extent and thickness since 2000, with extremes 
recorded since 2010 (Plourde et al. 2014). While we 
know little about prey abundance in the 1930s, en-
vironmental changes since the 1990s likely affected 
Beluga prey availability in recent times. The abun-
dance of potential competitors to SLE Beluga also 
changed since the 1930s. They include Harp Seals, 
Grey Seals, juvenile Harbour Seals (Phoca vitulina), 
and female Hooded Seals (Cystophora cristata),  

Figure 2. Seasonal distribution of Beluga (Delphinapterus 
leucas) digestive tract sampling in a. our study (2007 and 
onward) and b. that of Vladykov (1946), and relative index 
of contents volume. A ‘Trace’ content had fewer than 15 
otoliths or invertebrate identifiable parts.

Table 2. Monthly diet diversity expressed as the mean num-
ber of taxa detected in digestive tracts containing prey re-
mains in more than trace amounts (≥15 hard parts) for St. 
Lawrence Estuary Beluga (Delphinapterus leucas) hunted at 
three different sites in the late 1930s (Vladykov 1946; see 
Figure 1), or found dead between 1983 and 2019 (our study). 
Sample size is indicated in parentheses.

Month Our 
study

(n = 16)

Vladykov (1946)

Mani cou-
agan

(n = 89)

Les 
Escoumins

(n = 16)

Rivière-
Ouelle
(n = 2)

Jan — — — —
Feb — — — —
Mar 2 (1) — — —
Apr 6 (1) — — —
May 2 (3) — — —
June — 2.8 (13) 6.3 (7) —
July 5 (1) 3.9 (24) 6 (8) —
Aug 3.5 (2) 7.3 (31) 7 (1) —
Sep 5.8 (5) 5.2 (21) — —
Oct 7 (2) — — —
Nov 4 (1) — — 5 (2)
Dec — — — —
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Figure 3. Seasonal occurrence of Sand lance (Ammodytes 
sp.), Atlantic Herring (Clupea harengus), Rainbow Smelt 
(Osmerus mordax), and American Eel (Anguilla rostrata) 
in digestive tracts of a. female and b. male St. Lawrence 
Estuary Beluga (Delphinapterus leucas) collected between 
1988 and 2019. Numbers of tracts with at least trace amounts 
of food are indicated above each set of bars.

Figure 4. Seasonal occurrence of redfish (Sebastes spp.), 
cod species (either Gadus morhua or Gadus ogac), and 
other demersal fish species from the families Zoarcidae, 
Macrouridae, Liparidae, Cyplopteridae, and Cottidae 
in digestive tracts of a. female and b. male St. Lawrence 
Estuary Beluga (Delphinapterus leucas) collected between 
1988 and 2019. Numbers of tracts with at least trace amounts 
of food are indicated above each set of bars.

which occupy trophic positions similar to adult fe-
male and male Beluga (Lesage et al. 2001). Baleen 
whales occupy lower trophic positions but share prey 
items with Beluga (Gavrilchuk et al. 2014). Several 
of these populations are increasing in size (Stevick 
et al. 2003; Hammill and Stenson 2006; Hammill et 
al. 2010, 2015, 2017), but competition extent has not 
been documented.

Similarities but also differences were observed  
when comparing present and past diet of SLE Beluga.  
Sand lance and Capelin were prey with the highest 
occurrences in SLE Beluga stomachs in the 1930s 
(Vladykov 1946), while large demersal fish such as 
cod, hake, and redfish were the most frequent fish prey 
in our study. Redfish, American Eel, and two species 
of hake were present in Beluga contemporary diet but 
were undetected in Vladykov’s study. The reverse 
was noted for Atlantic Salmon (Salmo salar), Atlantic 
Sturgeon (Acipenser oxyrinchus), Sea Lamprey (Pe
tromyzon marinus), Haddock (Melanogrammus aegle
finus), and skates. Polychaete worms and cephalopods 

were frequently ingested invertebrates in both studies.  
There was no obvious bias or difference in age- or sex-
class sampling in Vladykov’s nor our study; adults 
from both sexes were well represented in both stud-
ies, along with lower occurrences of calves and juve-
niles. However, sampling timing and location might 
explain some of the observed differences among stud-
ies; for instance, American Eel is more likely to be 
abundant in the fall in the SLE, particularly in the up-
per estuary (e.g., Vladykov 1946) or in the Saguenay 
River—times and places that were not sampled by 
Vladykov. Whether the absence of hake and redfish 
in Vladykov’s study results from the strong sampling 
bias toward a sandy habitat no longer used by Beluga 
(the Manicouagan River mouth) or to a change in their 
availability over time is unknown. Temporal trend 
data for redfish are relatively recent; two summer 
studies from the 1930s and 1950s suggest that redfish 
were scarce in the SLE in the 1930s (Vladykov and 
Tremblay 1935 as cited in Steele 1957).
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Otoliths are calcium carbonate structures that 
progressively deteriorate when exposed to gastric flu-
ids, and at a different rate depending on size and ro-
bustness (Tollit et al. 1997). Our reliance on decom-
posing carcasses reduced the chances of detecting 
small otoliths that are typical of smaller species (e.g., 
sand lance and Capelin), possibly biasing prey rela-
tive occurrences. In contrast, cephalopod beaks and 
hard parts of polychaete worms can accumulate over 
a few meals, possibly overestimating their importance 
(Jobling and Breiby 1986; Tollit et al. 1997). While 
the presence of some benthic invertebrates in diges-

tive tracts might have resulted from secondary inges-
tion or suction feeding on other prey, others such as 
Northern Atlantic Octopus, Northern Shortfin Squid, 
polychaete worms, and shrimp were in volumes 
compatible with direct ingestion (Vladykov 1946; 
Seaman et al. 1982; Lowry et al. 1985; Quakenbush 
et al. 2015).

Our study confirmed SLE Beluga past (Vladykov 
1946) and present have a varied diet as they do else-
where (Kleinenberg et al. 1964; Seaman et al. 1982; 
Heide-Jorgensen and Teilmann 1994; Hobbs et al. 
2008; Quakenbush et al. 2015). Capelin was the most 
important prey for Beluga during early summer, with 
sand lance and demersal fish such as cod progres-
sively replacing Capelin in late summer and early 
fall as water warmed, suggesting some seasonality 
in prey selection or availability (Vladykov 1946). 
There was no seasonal pattern detected in Capelin oc-
currence in our study. Spawning for Capelin begins 
around mid-April in the upper estuary and lasts un-
til the end of June in the lower estuary (Jacquaz et al. 
1977). The dominance of Capelin in our March and 
May samples supports their importance for Beluga 
at that period, but whether their ingestion is supple-
mented with other species at these times is unknown. 
There was evidence of seasonality for sand lance but 
also other species in our study. Sand lance along with 
American Eel, Rainbow Smelt, and Atlantic Herring 
were detected in Beluga diets exclusively in late sum-
mer and fall, whereas other species from the families 
Zoarcidae, Macrouridae, Liparidae, Cyplopteridae, 
and Cottidae were detected in spring and/or fall. The 
coincidence of SLE Beluga aggregation areas with 

Figure 5. Frequency distribution of fish size estimated from 
the length of 533 otoliths recovered from digestive tracts of 
St. Lawrence Estuary Beluga (Delphinapterus leucas) that 
were found dead between 1988 and 2019. All otoliths that 
allowed identification of species (i.e., regardless of degree 
of degradation) were included in this analysis.

Table 3. Average (± SE) fork length for Beluga (Delphinapterus leucas) prey, based on otolith length that were well pre-
served and moderately eroded (Class 1 and 2, respectively), and including eroded otoliths (all classes).

Species
Class 1 and 2 All classes

Mean length (cm) n Mean length (cm) n

Sand lance (Ammodytes sp.) 13.2 1 12.1 (0.46) 8
Atlantic Herring (Clupea harengus) 28.5 (0.85) 10 23.6 (1.64) 20
Fourbeard Rockling (Enchelyopus cimbrius) — 22.4 (3.05) 5
Atlantic Cod (Gadus morhua) — 33.7 (4.75) 7
Atlantic Cod/Greenland Cod (Gadus morhua/Gadus ogac) 40.8 (0.91) 10 30.0 (0.71) 137
Daubed Shanny (Leptoclinus maculatus) — —
Lycodes (Lycodes sp.) — 28.2 (1.16) 5
Capelin (Mallotus villosus) 11.4 (0.15) 49 12.7 (0.22) 90
Silver Hake (Merluccius bilinearis) — 29.6 (0.57) 26
Marlin-pike (Nezumia bairdii) — 23.4 (0.62) 10
Rainbow Smelt (Osmerus mordax) — 10.7 (0.26) 101
Redfish (Sebastes sp.) — 20.2 (0.40) 92
Deepwater Redfish (Sebastes mentella) 18.5 (0.63) 14 —
White Hake (Urophycis tenuis) — 45.9 (2.97) 4
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sand lance habitat is also evidence for potential use 
of this species in recent years (Mosnier et al. 2016).

The St. Lawrence Estuary is a highly heterogene-
ous and dynamic environment, with expected effects 
on prey community structure and availability. The up-
per estuary is an area of shallow, warm water of rela-
tively low salinity (<26 ppm), whereas the lower estu-
ary consists of the deep, cold, and saline water of the 
Laurentian Channel, and the shallower water of inter-
mediate salinity and temperature of the south shore 
(El-Sabh et al. 1979; Figure 1). While some prey, 
such as Capelin, Atlantic Herring, and sand lance, are 
relatively abundant in both sectors, others are more 
abundant in, or are exclusive to, one or the other. 
This is the case for Atlantic Tomcod, American Eel, 
Smooth Flounder, American Shad (Alosa sapidis
sima), and Rainbow Smelt, that occur mainly, or are 
more abundant, in the upper estuary (Bourget 2011). 
Conversely, redfish, cod, hake, poachers, Greenland 
Halibut (Reinhardtius hippoglossoides), Northern 
Shortfin Squid, Sea Lamprey, lycodes, American 
Plaice (Hippoglossoides platessoides), and most skate  
species are more abundant or found exclusively in the 
lower estuary (Scallon-Chouinard et al. 2007).

The upper and lower estuary are used differen-
tially by adult male and female Beluga during sum-
mer, consistent with the sex- and age-class spatial seg-
regation documented for the species (Michaud 1993; 
Smith and Martin 1994; Smith et al. 1994; Richard et 
al. 1997; Heide-Jorgensen and Lockyer 2001; Loseto 
et al. 2006, 2008). In the SLE, adult females and juve-
niles use primarily the upper estuary and south shore 
of the lower estuary during summer, while large in-
dividuals (presumed to be adult males) concentrate 
mainly in the lower estuary (Michaud 1993; Figure 
1). Adult males overlap with females and juveniles in 
the shallower waters of the lower estuary, and in the 
Saguenay River and river mouth. Our upper estuary 
sample was dominated by females (7/8 carcasses) that 
had fed on a mix of small pelagic or bottom-dwelling 
fish and less on demersal fish. Our lower estuary sam-
ple was composed of individuals from both sexes, that 
had fed on multiple species of demersal fish. Isotopic 
mass balance models using a preliminary set of prey 
support the greater importance of demersal fish in the 
diet of males than females (Lesage 2014). These find-
ings are also consistent with sex-specific isotopic and 
fatty acid signatures of SLE Beluga, and occupancy 
of higher trophic positions by males than females 
(Lesage et al. 2001; Nozères 2006; Lesage 2014).

Whether the spatial segregation among age and 
sex classes, with associated consequence on diet com-
position, extends in the spring and fall remains un-
clear. There is genetic evidence for a persistence of 
female-close kin, and male-male associations during 

the fall migration (Colbeck et al. 2013), although 
groups may share the same migration routes. In the 
SLE, support for a reduced spatial segregation out-
side summer comes from historical fall hunts of large 
adults (likely males) at Rivière-Ouelle in the upper 
estuary (Vladykov 1944), the spring report of a dead 
adult male full of Capelin in the same area (our study), 
and the concentration of most spring Beluga obser-
vations in the upper estuary (Michaud and Chadenet 
1990). An overlap in distribution would make differ-
ential access to local prey communities less promi-
nent outside summer, a prediction consistent with the 
lack of clear differences in diet composition between 
males and females in the spring and fall. The appear-
ance of demersal fish in the female diet in spring or 
fall (while males consumed these species in all sea-
sons) might reflect their greater use of the lower estu-
ary outside of summer.

Beluga are size dimorphic, with males being larger 
than females (Lesage et al. 2014). Allometric rela-
tionships predict that males would be able to ingest 
larger prey items and a wider range of species (Wilson 
1975), and reach deeper depths than females (Schreer 
and Kovacs 1997), predictions that were verified in 
other Beluga populations (Seaman et al. 1982; Lowry 
et al. 1985; Szpak et al. 2019). In the SLE, differen-
tial prey access by sexes due to diving capacity is un-
likely given that maximum bottom depth (350 m) is 
shallower than the species diving capacity (in excess 
of 1100 m; Richard et al. 1997). While our sample 
was too small to document sex differences in ingested 
prey size, Vladykov (1946) reported adult males in-
gested larger fish such as cod and sculpins, and fe-
males ate smaller prey such as squid, polychaete 
worms, and sand lance more frequently. Beluga swal-
low prey whole (Quakenbush et al. 2015), and feed 
using suction (Brodie 1969), a strategy particularly 
efficient for capturing squid or capelin (Werth 2000) 
or when feeding on benthic or concealed prey such as 
sand lance and polychaete worms (Kane and Marshall 
2009), where substrate enhances effective suction dis-
tances (Nauwelaerts et al. 2008). While suction feed-
ing may theoretically limit prey size, as suggested by 
Vladykov (1946), reports of Alaskan Beluga ingest-
ing whole Coho (Oncorhynchus kisutch) or Chum 
Salmon (Oncorhynchus keta) 60 cm or more in size 
(Quakenbush et al. 2015), suggest that SLE Beluga 
preference for prey <30 cm and on average 20 cm 
in length is unrelated to anatomical or feeding mode 
limitations.

Local prey availability likely explained the fall 
ingestion of American Eel, Rainbow Smelt, and 
Atlantic Tomcod as these catadromous or anadro-
mous species are present or particularly abundant in 
the SLE at that time of year, especially in the upper 
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estuary (Casgrain 1873; Vladykov 1946; Bourget 
2011). Atlantic Herring spawns in multiple localities 
in the SLE in both spring and fall (Munro et al. 1998) 
and are particularly lipid-rich just before spawning. 
The scarcity of Atlantic Herring in SLE Beluga diet 
in this study and that of Vladykov (1946) may reflect 
our inability to capture this short event in our sam-
ple, the mismatch between Vladykov sampling sites 
and Atlantic Herring spawning sites, or the preference 
of Beluga for laid eggs instead of Atlantic Herring 
themselves (i.e., absence of hard parts; Vladykov 
1946). Observations of persistently large numbers of 
SLE Beluga (hourly average of 70 to 80 Beluga) in a 
known Atlantic Herring spawning area during spring 
spawning (late May; Lesage and Kingsley 1995), and 
hunter reports of Beluga eating substantial amounts 
of Atlantic Herring in the spring at Rivière-Ouelle 
and near Ile Verte (north of Rivière-du-Loup, Quebec, 
Canada; Vladykov 1946) highlight their likely impor-
tance for SLE Beluga at least at that time of year.

Beluga are considered opportunistic feeders, but  
there might be prey or feeding times that are key 
to their fitness and survival, even though there was 
no evidence of a cycle of fast and feast in either 
Vladykov’s (1946) or our study (Figure 2). Peak calv- 
ing is in July for SLE Beluga (Sergeant 1986), and 
captivity studies indicate that energy intake increases 
1.5- to 2-fold during the last two months of preg-
nancy. It peaks at four times normal during the first 
month after birth and remains at 1.5 to 2 times normal 
for the following three months of lactation (Kastelein 
et al. 1994). Accordingly, energy demands on preg-
nant SLE Beluga females start rising in May and re-
main high through at least early fall. Casgrain (1873) 
reported that SLE Beluga at Rivière-Ouelle in the 
spring are thin and voracious, feeding on Capelin and  
Rainbow Smelt in such a way that they put on 13 to 15 
cm, sometimes 20 cm of fat in 8–10 days. Although 
the reported gain in blubber thickness appears ex-
treme, these observations suggest that spring feed-
ing might be critical in SLE Beluga for replenishing 
fat stores just before entering the last months of the 
gestation and calving period. Vladykov (1946), based 
on condition and stomach fullness indices, suggest 
that Beluga are fat in June, less in July and August, 
and fatter again in September. If this is the case, then 
spring and fall spawning species such as Capelin and 
Atlantic Herring, and catadromous or diadromous 
prey such as Rainbow Smelt, and possibly the large 
demersal fish that gain in importance in female diet 
in the fall, might be important for Beluga. Capelin 
and sand lance are still present in the SLE (e.g., 
Dutil et al. 2009), but their abundance is unknown. 
In Newfoundland, Capelin stocks have collapsed in 
recent decades (Buren et al. 2019); whether similar 

patterns prevail in the SLE and Gulf of St. Lawrence 
is unknown (DFO 2015). Stock abundance of other 
species such as spring Atlantic Herring, Rainbow 
Smelt, American Eel, and Atlantic Cod, are known to 
be considerably reduced compared to historical lev-
els (Mingelbier et al. 2001; DFO 2010, 2019; Swain 
2016; Équipe de Rétablissement de l’Éperlan arc-en-
ciel, population du sud de l’estuaire du Saint-Laurent 
2019). Whether the SLE Beluga recent high female 
and calf mortality rates (Lair et al. 2016; Gosselin et  
al. 2017) and failure to recover since the 1980s might 
at least be partially related to inadequate access to li-
pid-rich food at crucial times cannot be dismissed, and 
warrants further investigation. In eastern Beaufort Sea 
Beluga, there are concerns that the low body condition 
index (based on blubber thickness) reported in recent 
years might be caused by a lower availability of Arctic 
Cod (Boreogadus saida; Choy et al. 2017), and inges-
tion of prey of a lower lipid quality requiring higher 
energy output for their capture (Loseto et al. 2018).

At a time when several Beluga populations world-
wide are threatened by previous overhunting and 
habitat degradation (i.e., COSEWIC 2004; National 
Marine Fisheries Service 2016), access to informa-
tion on current and past diet and seasonal feeding cy-
cles is critical for predicting and mitigating poten-
tial impacts of anthropogenic activity and climate at 
times and places where they matter the most. While 
our sample size was too small to quantitatively evalu-
ate the contemporary diet of SLE Beluga, our results 
indicate that fish from stocks believed to be depleted 
(Atlantic Cod, American Eel) or that are now recov-
ering (Striped Bass, redfish) should be considered as 
possible prey and not dismissed from diet estimations 
using quantitative models based on molecular trac-
ers, or when trying to understand current contamina-
tion sources affecting this population. Approaches for 
investigating diet should also consider seasonality in 
prey availability and quality, and inter-individual diet 
variability as mechanisms for reducing potential com-
petition (Tinker et al. 2008).
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Abstract
North American Canis genetics research varies in interpreting the Pre-Columbian distribution of Coyotes (Canis latrans). 
Many studies have relied on generalized species-distribution maps and a few actually cite earlier genetics works as second-
ary sources. I use archaeological, paleontological, and settlement era documents to demonstrate that Coyotes were present 
in portions of Minnesota, Wisconsin, and Illinois thousands of years prior to European arrival. This review provides impor-
tant clarification of historical Coyote distribution in the region and may have implications on the various interpretations of 
introgressed Coyote haplotypes present in Gray Wolves (Canis lupus) throughout the Great Lakes region.
Key words: Coyote (Canis latrans); Gray Wolf (Canis lupus); Great Lakes region; Coyote-wolf hybridization; Coyote-wolf 

sympatry; Coyote-wolf haplotypes

Introduction
Lehman et al. (1991) published the first study an-

alyzing DNA of Canis spp. in North America, re-
porting Coyote (Canis latrans) mtDNA haplotypes 
in Gray Wolf (Canis lupus) samples from the Great 
Lakes region and eastern Canada. They described 
Pre-Columbian Coyote distribution as “confined pri-
marily to plains and deserts ” (Lehman et al. 1999: 
105), asserting Coyotes expanded into the Great 
Lakes region following anthropogenic changes in 
Gray Wolf distribution, clearing of forests, and intro-
duction of agriculture. They concluded that hybrid-
ization between the two species “is taking place in 
regions where Coyotes have only recently become 
abundant” (Lehman et al. 1999: 104).

Since Lehman et al. (1991) many papers have ana-
lyzed the genetics of Canis populations inhabiting the 
Great Lakes region. Most focus on introgression of 
Coyote genes into large wolf-like canids (hereafter re-
ferred to as wolves). At least seven subsequent genet-
ics papers refer to Pre-Columbian Coyote distribution 
in vague terms (Roy et al. 1994; Wilson et al. 2000; 
Leonard and Wayne 2008; Koblmüller et al. 2009; 
Bozarth et al. 2011; vonHoldt et al. 2011, 2016). 
VonHoldt et al. (2011) supplied a simplified distri-
bution map (their Figure 1) showing Coyotes as far 
east as Illinois and northwest Indiana. This contrasts 
with a vonHoldt et al. (2016) map (their Figure 1) 
showing Coyote distribution reaching east to extreme  

southwest Minnesota at least 560 km west of Lake 
Michigan. The use of generalized species-distribution 
maps generates inconsistencies, especially in defining 
boundaries, as noted by Shelton and Weckerly (2007).

A trans-Mississippi-west Pre-Columbian distri-
bution of Coyotes has been promoted by many ge-
netics researchers (Lehman et al. 1991; Roy et al. 
1994; Wilson et al. 2000; Leonard and Wayne 2008; 
Koblmüller et al. 2009; Bozarth et al. 2011; vonHoldt 
et al. 2011, 2016). Some cite earlier genetics papers 
(secondary sources) in describing Coyote distribu-
tional limits (Wayne et al. 1992; Wilson et al. 2000; 
Leonard and Wayne 2008; Bozarth et al. 2011; von-
Holdt et al. 2011).

At least 13 studies claim Coyotes expanded into 
the Great Lakes region, seven providing arrival dates 
ranging from 90 to 200 years ago (approximately 
1790 to 1920; Lehman et al. 1991; Roy et al. 1994; 
Vilà et al. 1999; Wilson et al. 2000; Grewal et al. 
2004; Kyle et al. 2006; Leonard and Wayne 2008; 
Koblmüller et al. 2009; Kays et al. 2010a,b; Bozarth 
et al. 2011; vonHoldt et al. 2011, 2016). Koblmüller 
et al. (2009: 2313) sums this view succinctly: “Over 
the last century, coyotes have invaded this region and 
hybridized with wolves”.

Being certain of the temporal and spatial relation-
ships of the two species is central to the interpreta-
tion of when, where, how, and if Coyote-wolf hybrid-
ization occurred in the Great Lakes region. Having 
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performed extensive historical work on the demise of 
Gray Wolves in Wisconsin (Thiel 1993), I recognized 
the Lehman et al. (1991: 105) description of Coyote 
range limited to “plains and deserts”, and many sub-
sequent papers (Roy et al. 1994; Vilà et al. 1999; 
Wilson et al. 2000; Grewal et al. 2004; Kyle et al. 
2006; Leonard and Wayne 2008; Koblmüller et al. 
2009, Bozarth et al. 2011; vonHoldt et al. 2011, 2016) 
as erroneous. In order to rectify this problem, I pro-
vide documentation of Coyote presence in Wisconsin, 
Minnesota, and Illinois between the late Holocene 
and 1850.

Methods
Paleontological, archeological, and settlement era 

documents were searched for records of Coyotes in 
Illinois, Minnesota, and Wisconsin (the tri-state re-
gion) before 1920. I did not search fur trade era re-
cords, an additional source of potential informa-
tion. I queried the Neotoma Paleoecology Database, 
(NPD, neotomadb.org—earlier version known as 
FAUNMAP; Graham and Lundelius 1994), a free-
access paleontological database, canvasing for spec-
imens morphologically identified as Canis latrans in 
Minnesota, Wisconsin, Illinois, Indiana, and north-
eastern Iowa with a timeline of 5000 to 400 years be-
fore present (YBP). Archeological periodicals from 
the tri-state region were also searched for documenta-
tion of Coyote and wolf remains at Native American 
sites. Similarly, pioneer accounts from early county 
histories within the tri-state region were canvassed for 
accounts of Coyotes and wolves. Unfortunately, many 
used the ambiguous term, “prairie wolf” that may re-
fer to either C. latrans or C. lupus. Species identifica-
tion was aided in narratives that described canid size 
(height at shoulder <55 cm, Coyote; >55 cm, wolf), 
weight (10–18 kg, Coyote; >25 kg, wolf; Way and 
Hirten 2019; R.P.T. pers. obs.), group size, existence 
of two varieties of wolf, and/or diet (primarily rodents 
and lagomorphs, Coyote; primarily ungulates, wolf). 
I organized spatial data to the county level in the tri-
state region and noted whether the area was located 
in grassland or forested biomes using maps generated 
by Curtis (1959), Anderson (1970), and McMillan 
(2006). In specific areas I noted temporal aspects 
of sympatry. I assumed Coyote occurrences prior to 
the mid-1800s in Minnesota, Wisconsin, and Illinois 
represented breeding populations because these ar-
eas were well beyond normal dispersal distances for 
Coyotes (>160 km; Pyrah 1984; Geese et al. 1989; 
Harrison 1992), based on an array of genetics litera-
ture that placed the eastern continental edge of Coyote 
range near the Minnesota-Dakota border (Lehman et 
al. 1991; Roy et al. 1994; Wilson et al. 2000; Leonard 

and Wayne 2008; Koblmüller et al. 2009; Bozarth et 
al. 2011; vonHoldt et al. 2011, 2016).

Results
The Neotoma Paleoecology Database lists five 

archaeological sites containing Coyote remains in 
Illinois, two in Indiana, and one each in Minnesota, 
Wisconsin, and northeast Iowa, dating from 5000 to 
3000 YBP to approximately the year 1650. Table 1 
lists Coyotes and wolves recorded in paleontological, 
archeological, and settlement era documents in the tri-
state region. Four archaeological documents report on 
sites also reported in NPD: (1) the Durst Rockshelter 
in Wisconsin (Theler 2000; Parmalee 1960a), and 
from Illinois, (2) the Havana River Group (Parmalee 
1960b), (3) the Fisher site (Parmalee 1962), and (4) 
Riverton (Parmalee and Stephens 1972). Two addi-
tional Illinois archaeological sites contained Coyote 
remains 800–300 YBP (Parmalee 1960b). Three ar-
chaeological sites in Minnesota did not go beyond 
the genus, Canis, level (Anfinson 1982; Mather 2004, 
2006).

Dated Coyote material extends from 5000 to 3000 
YBP (Durst Rockshelter, Wisconsin) to 1910. Settler 
accounts document the presence of Coyotes in all 
three states, from 1807–1808 (Minnesota) to about 
1910 (Illinois). Scientist-naturalist Increase Lapham 
lists a wolf from Milwaukee County and a Coyote in 
adjacent Racine County, Wisconsin (Lapham 1853). 
Even in eastern sites Coyote material dates to well be-
fore European contact (Table 1).

Overall, Coyotes and wolves were reported to-
gether in eight of 23 occurrences (35%; Table 1). Two 
archaeological sites reported remains of both spe-
cies prior to 2000 YBP; three sites between 1000 and 
400 YBP; and three sites in the 1800s. Late Holocene 
overlap between the two species within this region 
points toward a shared range through much of the re-
gion south of the northern forests (Table 1, Figure 1). 
Sympatric occurrences were limited to areas that fa-
voured Coyote distribution, i.e., prairie and prai-
rie savannah habitats (Curtis 1959; Anderson 1970; 
McMillan 2000), whereas wolves seemed to roam 
more widely throughout the region (Table 1; Thiel 
1993). Significantly, three Illinois archaeological sites 
contained remains of both Coyote and wolf. These 
dated to roughly 2000 to 400 YBP. Additionally, 
Coyote and wolf occurrences in adjacent coun-
ties leave little doubt that Coyotes and wolves were 
broadly sympatric within tri-state region grasslands.

Discussion
Coyotes were present within prairie and savannah 

habitats from the South Dakota-Minnesota border to 
the Illinois-Indiana border for at least several thou

https://www.neotomadb.org/
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sand years prior to the arrival of Europeans (Table 1). 
Temporal sympatry in archaeological remains is dif-
ficult to ascertain, but occurrences of both species at 
the same sites extend from earlier than 2000 YBP to 
the point of European contact (approximately 1650). 
Temporal sympatry during the settlement period, re-
gion-wide, is unambiguous. This was captured in 
maps of two genetics papers (Kays et al. 2010b; von-
Holdt et al. 2011), but papers by Roy et al. (1994), 
Wilson et al. (2000), Leonard and Wayne (2008), 
Koblmüller et al. (2009), Bozarth et al. (2011), and 
vonHoldt et al. (2016) stand in contrast.

Habitat destruction (n = 10) and deforestation (n = 
5), along with predator control and changes in Canis 
species distributions (n = 9), were the most often cited 
bases for supposed Coyote invasion into the western 
Great Lakes region (Lehman et al. 1991; Wayne et al. 
1992; Roy et al. 1994; Vilà et al. 1999; Wilson et al. 
2000; Grewal et al. 2004; Kyle et al. 2006; Leonard 
and Wayne 2008; Koblmüller et al. 2009; Chambers 
2010; Kays 2010a,b; Bozarth et al. 2011; Rutledge et 
al. 2011; vonHoldt et al. 2011, 2016). Although First 
Nations occupied the Great Lakes region greater than 

12 000 YBP, and First Nations people impacted eco-
systems (see Delcourt and Delcourt 2004 and Riley 
2013), large scale, region-wide anthropogenic eco-
logical disturbances did not likely begin until the pe-
riod between when each state became a United States 
Territory and each gained statehood: Illinois, 1809 and 
1818; Wisconsin, 1836 and 1848; and Minnesota, 1849 
and 1858, respectively (Buley 1950; Smith 1985).

Such ecological upheavals may have occasioned 
Gray Wolf hybridization event(s) as their numbers 
declined and Coyotes increased, as suggested by 
many researchers (Lehman et al. 1991; Wayne et al. 
1992; Roy et al. 1994; Vilà et al. 1999; Wilson et al. 
2000; Grewal et al. 2004; Kyle et al. 2006; Leonard 
and Wayne 2008; Koblmüller et al. 2009; Chambers 
2010; Kays 2010a,b; Bozarth et al. 2011; Rutledge 
et al. 2011; vonHoldt et al. 2011, 2016). However, 
the timing and circumstances of Canis population de-
clines and changes in relative abundance of sympat-
ric Coyote and wolf populations in the western Great 
Lakes states remain unclear.

Direct impacts in region-wide Canis populations 
in response to persecution and ecological upheavals 

Table 1. Records of Coyotes (Canis latrans) and wolves in Illinois, Minnesota, and Wisconsin based on paleontological, ar-
chae ological, and European settlement documents.

State County Approximate year Species* Reference

Minnesota Blue Earth 1807–1808 C Anonymous (1881)
Becker 1878 C W West and Wilcox (1907)
Rock & Pipestone ~1885 C Rose (1911)

Wisconsin Sauk 5000–3000 YBP C W Parmalee (1960a), Theler (2000), NPD 4614
LaFayette 1831 C Kinzie (1975)
La Crosse 3000 400 YBP W Theler (2000)
Crawford 1000–2000 YBP W Theler (2000)
Vernon 1000–400 YBP W Theler (2000)
Iowa 1832 C Draper (1903)
Grant 1838 C W Butterfield (1884)
Waukesha 1839 C W Anonymous (1880)
Milwaukee <1852 W Lapham (1853)
Racine <1852 C Lapham (1853)

Illinois Crawford 2000–800 YBP C W Parmalee and Stephens (1972), NPD 7491
Will 300–800 C W Parmalee (1962)
St. Claire <1650 C Parmalee (1960b)
Pike C W
Calhoun W
Cook C W Parmalee (1962), NPD 6137
Fulton W Parmalee (1962), NPD 7626
Williamson W Parmalee (1962)
Bureau 1911 C Cory (1912)
Edgar 1830s C Anonymous (1879)

*C = Coyote, W = wolf.
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caused by settlement likely took decades, gener-
ally moving southeast to northwest within the tri-
state region. Such impacts likely did not occur dur-
ing early phases of settlement (e.g., Illinois became a 
United States Territory in 1809; Minnesota in 1849). 
Wisconsin territorial bounties on both Canis spe-
cies commenced in 1839, continuing into statehood 
(1848), but Gray Wolves were not extirpated from 
southern Wisconsin until the 1880s and northern re-
gion until the 1950s. While Coyotes likely expanded 
their range northwards, they were similarly perse-
cuted throughout Wisconsin during this entire period 
(Thiel 1993).

Coyotes probably did not occur regularly in the 
mixed forests surrounding Lake Superior prior to 
European settlement. However, even there, periodic 
fire and wind-throw created large temporary open-
ings in which dispersing Coyotes may have occasion-
ally colonized (Schorger 1944, 1953; Loucks 1983). 
Coyotes expanded north into the Lake Superior ba-
sin as anthropogenic destruction of forests resulted 
in conversion of much of the landscape into imper-
manent prairie-like conditions (Schorger 1944; Allen 
1979; Breitenstein and Thiel in press). Kays et al. 
(2010b: 249) map occurrences of museum specimens, 

“before 1940” but do not elaborate on the earliest 
dates these were collected. They demonstrate that by 
1940 Coyotes were present throughout the region sur-
rounding Lake Superior.

While not within the scope of this study, the pres-
ence of both Coyotes and wolves in three archaeo-
logical sites—one along the Illinois-Indiana border 
(Parmalee and Stephens 1972, NPD site 7491), one 
in extreme southwestern Indiana (Bergman and Peres 
2014, NPD site 6600), and one in central Indiana 
(NPD site 6602)—extends Coyote presence and pos-
sibly the area of sympatry much further east (but see 
map in Kays et al. 2010b). These sites date to 3400 
to 350 YBP. An 1830s era settler account affirms an 
area of sympatry along the Illinois-Indiana border 
confounding hypotheses for the mechanisms, places 
and timing of hybridization of sympatric Canis pop-
ulations (Anonymous 1879). These sites position 
Coyotes much closer to eastern North America than 
acknowledged by current studies regarding the an-
cestries of Eastern Coyote, Red Wolf (Canis rufus), 
and Eastern Timber Wolf (Canis lycaon; Wilson et al. 
2000; Kyle et al. 2006; Chambers 2010; Kays et al. 
2010a,b; Rutledge et al. 2010a, 2012; Wheeldon et 
al. 2010; Bozarth et al. 2011; vonHoldt et al. 2011, 
2016; Way 2013).

In-depth studies on Holocene–Anthropocene Coy
ote distribution, using fur-trade records and genetically 
testing the ancestries of paleontological and archaeo-
logical site specimens are necessary to fully under-
stand areas of Canis sympatry between the Ohio River 
and Lakes Erie and Ontario. Archeological specimens 
subjected to genetic testing, such as that conducted by 
Rutledge et al. (2010b), would aid in determining ar-
eas of sympatry, temporal affinities, confirm identi-
ties of Canis species, and further our understanding of  
Canis haplotypes over distant time.
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Abstract
Observations of typically herbivorous species have shown that animals will opportunistically eat animal tissue that is either 
scavenged or hunted. Squirrels from a number of genera have been observed to hunt prey and consume meat in terrestrial 
ecosystems. Here we provide evidence of a novel hunting strategy employed by an Eastern Gray Squirrel (Sciurus caro
linensis), which has not previously been observed hunting aquatic prey. More rigorous observational studies are needed 
to determine the extent of this behaviour in Eastern Gray Squirrel populations and whether fishing is a common foraging 
behaviour for this species.

Key words: Eastern Gray Squirrel; fishing; foraging; hunting; predation; Sciurus carolinensis; swimming

A growing body of literature, including field stud- 
ies and natural history notes, has confirmed that squir- 
rels will consume vertebrate tissue, obtained through 
scavenging or predation (Middleton 1930; Callahan 
1993; O’Donoghue 1994). Field observations and 
stomach content analyses have shown that squirrels 
will eat a wide variety of organisms, including small 
mammals, birds, reptiles, and amphibians (Middleton 
1930; Callahan 1993). However, only a subset of 
these food items has been documented to be obtained 
through predation by a number of squirrel genera in- 
cluding Sciurus, Tamiasciurus, Acthosciurus, Ammo
spermophilus, and Spermophilus (summarized in Cal- 
lahan 1993). Vertebrate tissue in Eastern Gray Squirrel 
(Sciurus carolinensis) diets is predominantly terres- 
trial in origin. However, such tissue makes up a small 
portion (<5%) of the overall diet (Nixon et al. 1968; 
Moller 1983). Here we document what we believe is 
the first observation of an Eastern Gray Squirrel hunt-
ing live fish from an aquatic environment.

At approximately 1800 on 27 September 2018, 
while canoeing the Speed River in Guelph, Ontario 
(43.543°N, 80.229°W), we encountered an Eastern 
Gray Squirrel perched on a large snag overhanging 
the water. Water levels adjacent to the snag appeared

to be relatively low, and as we approached, the squir- 
rel dove into the water. Entry into the water was head 
first, and its entire body went under the water’s sur- 
face. This behaviour did not appear to be flight in re- 
sponse to our approach, because, after a few seconds, 
the squirrel swam back to the snag with a fish about 
3–5 cm long in its mouth. It began to consume the fish 
before leaving the snag and retreating into denser foli- 
age along the riverbank.

Our observation is remarkable for two reasons. 
No published observations of squirrels eating fish ex- 
ist (although photos and unpublished anecdotes sug- 
gest that this behaviour may have been observed), 
and it is the first observation of a squirrel stalking, 
entering the water, and capturing a fish. Most obser- 
vations of gray squirrels (both Eastern Gray Squirrel 
and Western Gray Squirrel [Sciurus griseus]) hunting 
have documented vertebrate prey as terrestrial birds 
and mammals (Bailey 1923; Middleton 1930; Holm 
1976; Callahan 1993). Other tree and ground squirrels 
and chipmunks have been reported to feed on aquatic 
or amphibious organisms; however, in each case, the 
predatory event was terrestrial or the tissue was ap- 
parently acquired through scavenging (Howell 1938; 
Hesterberg 1940; Emmons 1980).
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In addition, there are few observations of Eastern 
Gray Squirrels swimming, except during mass emi- 
gration events (Schorger 1947; Larson 1962). Detailed 
reports by Schorger (1947) and Larson (1962) out- 
line observations of Eastern Gray Squirrels swim- 
ming en masse and naturalists finding carcasses of 
drowned individuals along riverbanks and lakeshores. 
However, unlike other squirrel species, such as Red 
Squirrel (Tamiasciurus hudsonicus), which has been 
documented to swim over 2 km (Pauli 2005), Eastern 
Gray Squirrels are not widely reported to swim or 
spend significant time in the water.

The timing of our observation is also interesting 
as it appears not to conform to any of the three hy- 
potheses proposed to explain predatory behaviour in 
squirrels (Callahan 1993). It is believed that verte- 
brate tissue, and in particular the nutrients obtained 
from it, can be an important source of energy for 
reproduction (Goodrum 1940; Keymer and Hime 
1977). However, our observation falls outside the two 
peak reproductive periods for Eastern Gray Squirrel 
(Webley and Johnson 1983). Likewise, this observa- 
tion was not an incidental kill related to either terri- 
torial defense or reproductive competition (Callahan 
1993). Finally, it has been proposed that vertebrate 
tissue consumption by squirrels may increase season- 
ally to compensate for a seasonal decline in the qual- 
ity of plant food (Callahan 1993). Although our ob- 
servation did occur on 27 September, abundant plant 
resources still appeared to be available in the sur- 
rounding area. However, of the three hypotheses out- 
lined by Callahan (1993), the latter is most likely to 
have influenced the fishing behaviour observed. In 
autumn, the diet of Eastern Gray Squirrels is com- 
posed primarily of nuts and seeds (Moller 1983); 
thus, it is possible that either local competition or de- 
pleted nut and seed resources may have led the ob- 
served individual to prey on alternative food sources. 
The fishing behaviour of the Eastern Gray Squirrel 
reported here might also be a learned trait unique 
to this population. Although the individual we ob- 
served and other members of this population likely 
only engage in this behaviour opportunistically, it 
demonstrates an unexpected behavioural flexibility in 
Eastern Gray Squirrel.
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Abstract
The feeding habits of generalist predators often vary among populations and regions. For example, Coyote (Canis latrans), 
which is a generalist predator distributed across North America, occupies a wide range of habitats and has a highly varied 
diet. In this observational study, we quantified the presence of mammalian prey items in 50 Eastern Coyote (Canis latrans 
var.) scats collected in late spring and summer in a private game reserve in southwestern Quebec. Nearly all scats contained 
hair of White-tailed Deer (Odocoileus virginianus; 44%), Moose (Alces americanus; 38%), or American Beaver (Castor 
canadensis; 38%). Although all three species are known to be consumed by coyotes, such a high proportion of Moose and 
White-tailed Deer simultaneously occurring in the diet of coyotes has not been previously reported. The uniqueness of the 
study area, with its relatively high abundance of all three prey species, may account for the uniqueness of the diet of Eastern 
Coyotes living there.
Key words: Canis latrans; Coyote; Eastern Coyote; Alces americanus; Moose; diet; feeding ecology; foraging ecology; 

feeding habits; Quebec

Introduction
Biologists often study animal feeding habits to  

understand a species’ trophic status within its ecolog-
ical community (Abramsky 1978; Chan et al. 2017). 
The feeding habits of predators are of particular in-
terest because their regulation of prey populations 
can maintain ecosystem health (Fortin et al. 2005), 
but, depending on prey choice, may also affect live-
stock populations (Hunter and Price 1992; Reynolds 
and Tapper 1996; Stahler et al. 2006). Coyotes (Canis  
latrans) have become the apex predator in many 
North American regions following local eradica
tions of Gray Wolf (Canis lupus) and Cougar (Puma 
concolor; Goldman 1937; Crooks and Soulé 1999; 
Laliberte and Ripple 2004; Roemer et al. 2009). 
This generalist predator is highly flexible and adapt-
able, causing its ecology to vary greatly by region 
(Gompper 2002). Because of the coyote’s vast geo-
graphic range, combined with location-specific ecol-
ogy, regional observational studies often provide new 
and important information about coyote behaviour 
and dietary niche that is relevant to our understanding

of coyotes and their role in shaping trophic and com-
munity structure.

The forests of rural southern Quebec offer an in-
teresting niche for Eastern Coyotes (Canis latrans 
var.) to exploit because this area includes the north-
ern range of White-tailed Deer (Odocoileus virgin-
ianus), a common prey item, and the southern range 
of Moose (Alces americanus), which is more often as-
sociated with predation by wolves and bears (Ballard 
and Van Ballenberghe 1998; Snaith and Beazley 
2004; Benson and Patterson 2013). Historically, Gray 
Wolves existed in the area, but they have been ex-
tirpated from most of the region (Peterson 1966). At 
present, Eastern Coyote, which is smaller than wolves 
but bigger than Western Coyotes (Canis latrans; Way 
2007; Way and Hirten 2019), are the only extant ca-
nid. Eastern Coyotes are generally thought to have 
arisen from wolf–coyote hybridization, but the spe-
cies designation of Eastern Coyote and the extent 
of gene flow among wolves, coyotes, and Domestic 
Dogs (Canis familiaris) remains controversial and ac-
tively studied (Way and Lynn 2016).
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Studies across eastern North America show coy-
otes to be dietary generalists, consuming everything 
from Moose to small rodents, fruits, and plants (Gese 
and Grothe 1995; Samson and Crete 1997; Crimmins 
et al. 2012; Dowd and Gese 2012; Swingen et al. 
2015). Using scat analysis, we describe the spring 
and summer vertebrate diet of Eastern Coyotes in a 
forested area of southwestern Quebec. We predicted 
that White-tailed Deer would be the most consumed 
vertebrate, as they are locally abundant and have been 
previously documented as key items in coyote diet in 
other parts of Ontario and Quebec with similarly high 
densities (Poulle et al. 1993; Crete et al. 2001; Sears 
et al. 2003).

Methods
Study area

Our study site was Kenauk Nature, a 265-km2 pri-
vate game reserve (Figure 1), located on the southwest 
border of Quebec, just north of the Ottawa River be-
tween Ottawa and Montréal. The property is crossed 

by a network of ~100 km of dirt roads (approximate 
density 0.4 km/km2). Lying in the transition zone be-
tween the St. Lawrence Lowlands and the Laurentian 
Mountains, the site contains primarily mixed hard-
wood forest, with many lakes, rivers, and wetlands. 
The average annual temperature is 4.8°C (SD 1.4), 
the average winter  (November–April)  temperature 
is −4.7°C (SD 2.6), and the average summer (May– 
October) temperature is 14.2°C (SD 1.2). Average to-
tal annual rainfall is 807.4 mm and total annual snow-
fall is 178.1 cm (Environment Canada 2017).

The reserve has a long history of forestry, and ac-
tive logging still occurs. In 2012, winter aerial sur-
veys of half the property found Moose densities of 
~1.0/km2; 2014 winter surveys of the hunting zone 
in which the property lies (Zone 10 East) found 
White-tailed Deer densities of ~2.5/km2 (Ministère 
des Forêts de la Faune et des Parcs unpubl. data). The 
density of Eastern Coyotes in the area is unquanti-
fied, but they are regularly observed and heard on the 
property. American Black Bears (Ursus americanus) 

Figure 1. Locations of Eastern Coyote (Canis latrans var.) scat collected in 2016 at Kenauk Nature, Quebec, Canada, a 
265-km2 private game reserve just north of the Ottawa River between Ottawa and Montréal.



2020	 Balluffi-Fry et al.: Coyotes eating ungulates	 47

exist on the property, but their densities are also un-
known. Canada Lynx (Lynx canadensis) and Bobcat 
(Lynx rufus) have not been observed, but are potential 
predators. In autumn, Moose are hunted from about 
17 September to 20 October (females and males), and 
deer are hunted from about 4 to 18 November (males 
with ≥6 points), each with an annual limit of 10 ani-
mals; success rates are higher for Moose (L.B.N. un-
publ. data).
Scat collection and predator species confirmation

Between 23 May and 27 August 2016, we col-
lected coyote scat opportunistically on the proper-
ty’s unpaved road network and occasionally by hik-
ing away from the road network (Figure 1). Coyotes 
have been found to use tertiary (unpaved) roads all 
year long, thus supporting our assumption that scat 
found on the road network would be relatively repre-
sentative of the property’s population (Bensen et al. 
2015). We collected scats with a diameter of ≥18 mm 
to reduce the likelihood of collecting those of foxes 
or other smaller carnivores (Dumond et al. 2001). We 
sampled roads daily to once a week during the en-
tire collection period. During roughly the first week of 
sampling (23–31 May), we cleared the roads of scat, 
retaining those that appeared fresh (digestive matrix 
present) and discarding those that consisted of hairs 
and other hard parts only, with no digestive matrix. 
Although the age of the first week’s collected scats 
was unknown, we assumed they were from mid to 
late spring. Subsequently, collected scats were all less 
than one week old. We placed scats in sealable plas-
tic bags and stored them at −20°C until processing 
as described in MacCracken and Hansen (1982) and 
Swingen et al. (2015).

We carried out DNA analysis on a subsample of 
28 of the freshest scat (highest moisture content when 
collected) to confirm they were from coyotes. We 
thawed the scats and collected ~0.4 mL of digestive 
matrix into 1.5-mL microfuge tubes containing 95% 
ethanol. Digestive matrix subsamples were stored at 
−20°C until they were sent to the Canadian Centre 
for DNA Barcoding in Guelph, Ontario, Canada, for 
DNA preparation and analysis.

Similar to methods described in Moran et al. 
(2019), DNA was extracted at the Canadian Centre 
for DNA Barcoding directly from the homogen-
ate we sent and amplified using vertebrate-spe-
cific primers which targetted a 185-base-pair frag-
ment of the cytochrome c oxidase I (COI) barcode 
region of mtDNA. DNA was sequenced with an Ion 
Torrent PGM high-throughput sequencer (Thermo 
Fisher, Waltham, Massachusetts, USA ). The raw se-
quence reads were demultiplexed into 30 datasets 
that included the 28 faecal samples and two nega-
tive controls, filtered to remove low-quality reads, 

and trimmed to remove primer sequences. The reads 
were then  clustered into operational taxonomic units 
(OTUs) based on 98% identity and a minimum of 10 
reads per OTU. Although the COI barcode region for 
wolves and coyotes is 95.8% identical, six diagnostic 
nucleotides can be used to distinguish them and con-
firm maternal heritage. These methods also amplified 
some prey DNA, but we did not use such DNA for our 
dietary analysis.
Dietary analysis

Scats were individually thawed, dried, and cleaned 
until only hard parts remained. We selected up to 10 
guard hairs from across each cleaned scat for identi-
fication (Forbes and Theberge 1996 found that three 
hairs per scat accounted for 98.8% of prey items in 
wolf scat). We assessed each hair’s  macro-qualities  
(colour, length, width, texture, and shape), medulla  
patterns, and scale patterns of the guard hairs and com
pared these against known hair samples and guides  
(Moore et al. 1974). We identified Cervidae to species 
level (i.e., White-tailed Deer or Moose) and other prey 
to the family level. We distinguished among larger 
Rodentia species, American Beaver (Castor canaden-
sis) and North American Porcupine (Erethizon dorsa-
tum), but grouped small rodents into one prey group. 
We also recorded the presence of avian feathers found 
in the scats.

Results
We collected 50 scats from 23 May to 27 August, 

the first five of which we assumed to have been depos-
ited in spring (April), but we do not know the precise 
date. Only one sample was found off roads. Although 
scats were never found in some sections of road, scats 
were distributed fairly evenly across the monitored 
area (Figure 1). All 28 samples sent for DNA anal-
ysis confirmed coyote maternal origin. On six occa-
sions, we collected multiple scats at a single location 
and time, but in only one of these cases did scats col-
lected together have identical dietary findings (sam-
ples 48 and 49; Table S1). The three most commonly 
found diet items, based on simple occurrence rate, 
were White-tailed Deer (0.44), Moose (0.38), and 
beaver (0.38; Table 1). We also observed mustelids 
(0.10), non-beaver rodents (0.04), and bird and feline 
species, which we categorized as “other” (0.04; Table 
1). We did not find any lagomorph or porcupine re-
mains in any of the scats. Although we did not distin-
guish between juvenile and adult ungulates, Moose 
hair was often thin and weak in structure, which, we 
speculate, could indicate that most consumed Moose 
were calves (Adorjan and Kolenosky 1969).

Most scats (n = 32) contained only a single type of 
hair, while the remainder had either two (n = 16) or 
three hair types (n = 2; Table S1). Samples never con-
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tained both Moose and White-tailed Deer, and beaver 
hair was found both alone and paired with ungulate 
hair (Figure 2). Of scats containing two hair types, 
most consisted of beaver and an ungulate.

Discussion
White-tailed Deer, beaver, and Moose were all de-

tected in coyote scats at similar rates, and each was 
detected throughout the study period from May to 
August (Table S1). In addition, although individual 
scats often contained both beaver and Moose or bea-
ver and deer, we did not find any scats that contained 
both species of ungulates. A Moose or deer could 
feed multiple coyotes or a few coyotes over multiple 
days, whereas beavers are smaller and likely cannot; 
thus, a specific Moose or deer may be represented in 

multiple samples. Our results, therefore, suggest that 
deer, Moose, and beaver are the primary diet items of 
Eastern Coyotes in this reserve during the spring and 
summer. A study from a neighbouring area in south-
eastern Ontario also found deer and beaver to be com-
mon summer diet items (Sears et al. 2003). Although 
our results were in line with our prediction that White-
tailed Deer would be the most common diet item, we 
did not expect such a high occurrence of Moose.

Many other studies from Quebec and surrounding 
areas have found Moose to be absent or rare in coyote 
diets (Richens and Hugie 1974; Messier et al. 1986; 
Poulle et al. 1993; Patterson et al. 1998; Crete et al. 
2001; Sears et al. 2003). Although there are also re-
ports of high Moose consumption and low deer con-
sumption in Quebec and New Brunswick (Samson and 
Crete 1997; Dumond et al. 2001; Boisjoly et al. 2010; 
Power et al. 2019), these studies have been carried 
out in areas with reported high Moose densities com-
pared with deer. A dramatic change in coyote summer 
diet, from White-tailed Deer as the primary ungulate 
consumed in 1988 to Moose by 1991, was observed in 
Gaspésie, Quebec (Samson and Crete 1997). During 
that time, deer numbers decreased greatly (based on a 
76.9% decline in harvest rate), while Moose densities 
increased (based on a 15.1% increase in harvest rate), 
which the authors hypothesized as the reason for the 
change in diet. None of these studies show a similar 
occurrence rate for both Moose and deer in the diet 
over the same period of time, which makes our obser-
vation, even with a small sample size, notable.

Our unique observation of similarly high rates of 
Moose and deer consumption by Eastern Coyotes 
could be explained by the relatively high densities of 
both ungulates in our study area. Moose and White-
tailed Deer ranges overlap at their southern and 
northern extents. The eastern area of their sympatric 
range grew to its current size only after land clearing 
in the 20th century, when deer extended their range 
north, causing Moose  densities  to  decline,  likely 
in part because of the spread of meningeal worm, 
Parelaphostrongylus tenuis (Boer 1998). Given that 
White-tailed Deer carry, but are not affected by this 
parasite, which kills Moose, it is often assumed and 
frequently reported that densities of these two ungu-
lates are inversely related in eastern regions (Whitlaw 
and Lankester 1994). Hence, few if any coyote feed-
ing studies have been conducted where Moose and 
deer are present at high abundances. We do not know 
the reason for our study area’s high densities of both 
Moose and deer, but one explanation could be that the 
historical strip cuts and current logging practices have 
created ample forage. We have yet to learn the current 
status of P. tenuis in our study area.

Figure 2. Detection rates for each hair type (number, %) 
in 50 analyzed Eastern Coyote (Canis latrans var.) scats, 
including the three most common items: Moose (Alces 
americanus), White-tailed Deer (Odocoileus virginianus), 
and American Beaver (Castor canadensis), and their com- 
bined detections. One detection equals one scat and, hence, 
reflects prey importance; no sample is represented by mul- 
tiple categories. The category “None” represents the only 
sample that did not contain Moose, White-tailed Deer, or 
beaver, but remains of small rodents only.

Table 1. Diet items detected in 50 Eastern Coyote (Canis 
latrans var.) scat samples collected in 2016 at Kenauk 
Na ture, Quebec, Canada.

Species/taxa
Samples in 

which diet item 
found (n = 50)

Common name Scientific name No. %
White-tailed Deer  Odocoileus virginianus  22  44
Moose Alces americanus 19 38
American Beaver Castor canadensis 19 38
Mustelid Mustelidae 5 10
Non-beaver rodent Rodentia 2 4
Other — 2 4
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We speculate that most of the Moose con-
sumed were calves, based on other literature and  
characteristics of both Moose and White-tailed Deer, 
although we cannot distinguish between predation 
and scavenging. The vast majority of the scats col-
lected (Table S1) were deposited during or after the 
window of Moose parturition in this region (Musante 
et al. 2010). Juvenile Moose are also smaller and 
less coordinated than adult White-tailed Deer, which 
Eastern Coyotes are known to predate (Poulle et al. 
1993; Chitwood et al. 2014). It is commonly believed 
that coyotes are incapable of predating healthy, adult 
Moose, except during the winter months when snow 
can severely limit ungulate movement (Benson and 
Patterson 2013). We speculate that the Moose found 
in the first week’s samples were scavenged or pre-
dated adult/yearling Moose from the spring (before 
the window of parturition) when the body condition 
of Moose is poor (Musante et al. 2010).

Having a better understanding of Eastern Coyote 
dietary patterns in the region, in particular what age 
classes and conditions of ungulates they consume, 
would help wildlife managers to quantify the influ-
ence of Eastern Coyotes on the local ungulate popu-
lations. Future work on coyote feeding habits in this 
reserve should include collecting more scats across 
multiple seasons and an age-class analysis of hairs 
in scats. It is possible that coyotes consume newborn 
Moose calves in the summer (a pulsed resource) and 
adults in the winter when they are made more vul-
nerable by snow and poor body condition (Benson 
and Patterson 2013). Kill site investigations, best lo-
cated with global positioning system units on preda-
tors (Franke et al. 2006), would also help identify the 
species, age, and condition of larger prey and better 
determine whether hairs in the diet were from preda-
tion or scavenging events. In addition, sampling for P. 
tenuis should occur to learn whether a lack of P. tenuis 
promotes the high densities of Moose and White-
tailed Deer or if they co-occur despite the parasite.
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Abstract
The detection of range shifts is an important part of tracking species’ responses to climate warming and anthropogenic dis-
turbance. Here, arguments in support of such change-induced expansion of the thread-waisted wasps, Sphex pensylvanicus 
and Sphex ichneumoneus (Hymenoptera: Sphecidae), into Atlantic Canada are made on the basis of collections in south-
western New Brunswick. Despite their large size, bold colouration, and active presence on wildflowers in open areas, no 
previous records for either species exist from Atlantic Canada. Increases in mean annual temperature, as well as increases 
in the abundance, regional diversity, and uniformity in the ranges of katydids (Tettigoniidae), the preferred nest provision 
for both Sphex species, may be promoting northward colonization by Sphex wasps.
Key words: Range expansion; Sphex; climate change; anthropogenic disturbance; Hymenoptera; Sphecidae; wasp; thread-

waisted wasp; climate warming; geographic range

Climate change and anthropogenic disturbance are 
significantly altering the ranges of insects on a global 
scale (Parmesan et al. 1999; Hickling et al. 2005; 
Schowalter 2012). Although studies of the northeast-
ern North American fauna have identified range shifts 
in charismatic taxa such as Lepidoptera and Odonata 
(Rodenhouse et al. 2009; Catling 2016; McAlpine et 
al. 2017), disease vectors (Rochlin et al. 2016), pol-
linators (mostly bees and, to a lesser extent, flies; 
Deans et al. 2007; Harrison et al. 2019), and other 
economically important groups (Dukes et al. 2009), 
reports of climate change or anthropogenic driven 
shifts in the distributional ranges of wasps are gen-
erally lacking (Sánchez-Bayo and Wyckhuys 2019). 
The principal reason for the shortage of wasp-based 
studies is almost certainly the scarcity of accessible 
taxonomic resources for many taxa; indeed, wasps are 
one of the least-known groups taxonomically and are 
possibly also the most diverse animal group on the 
planet (Forbes et al. 2018).

The relative ignorance of wasps in many re-
gions is problematic for biodiversity conservation, as 
Hymenoptera appear to be experiencing some of the 

greatest declines among the terrestrial orders of insects 
(Sánchez-Bayo and Wyckhuys 2019). Particularly for 
highly host-specific parasitoid wasps, changes in cli-
mate patterns can be devastating when the phenolog-
ical synchrony of wasp and host(s) is compromised 
(Stireman et al. 2005; Hance et al. 2007; Kharouba 
et al. 2018). In addition, changes in the species com-
position and diversity of local wasp communities can 
occur over relatively short periods. Using morphol-
ogy and DNA barcoding, Fernandez-Triana et al. 
(2011) found that the community structure of parasi-
toid wasps in northern Manitoba has changed signifi-
cantly over the last 70 years and is likely linked to cli-
mate warming.

Here, the apparent recent range expansion of the 
thread-waisted wasps (Hymenoptera: Sphecidae), 
Sphex ichneumoneus (Linnaeus, 1758) and Sphex 
pensylvanicus Linnaeus, 1763, into Atlantic Canada 
is reported for the first time on the basis of specimens 
recently collected in southwestern New Brunswick. 
All specimens were collected by aerial net or by hand 
during general insect surveys and are deposited in the 
New Brunswick Museum insect collection.
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The Sphecidae are a charismatic group of largely 
solitary wasps that dig burrows (most Sphecinae and 
Ammophilinae) or build clay nests (Sceliphrinae), 
which they provision with insect prey (Matthews 
1991; Finnamore and Michener 1993). Both S. ich-
neumoneus and S. pensylvanicus have been previ-
ously recorded in Quebec and Ontario (Buck 2003) 
and across much of the United States (Bohart and 
Menke 1963). Detailed studies on the behaviour of 
northern populations of S. ichneumoneus have re-
vealed that adults live approximately six weeks, are 
active from mid-July to mid-September, are most ac-
tive at temperatures above 26°C and inactive at tem-
peratures below 18°C, nest in open areas with rela-
tively little ground cover and in clay or sandy soil, 
and, as nectarivores, build their nests in the vicinity of 
wildflowers (Brockman 1976, 1979; Brockman and 
Dawkins 1979). Sphex pensylvanicus has similar sea-
sonality, temperature preferences, and habitat prefer-
ences (Frisch 1938; Rau 1944; Kurczewski 1997).

Both species are large (19–28 mm), strikingly 
patterned, and often active on wildflowers in open, 
semi-forested areas; if present, they would likely not 
go undetected. Despite this, there are no specimens 
of either species from Atlantic Canada in the insect 
collections of the New Brunswick Museum (NBM), 
Nova Scotia Museum (NSM), University of Guelph 
(DEBU), Royal Alberta Museum (RAM), or in the 
Canadian National Collection of Insects, Arachnids 
and Nematodes (CNC), and no published records 
for Atlantic Canada prior to those reported here. 
Although not conclusive evidence, this is notable and 
suggests that a fairly recent range expansion of Sphex 
into the region may have occurred.

In addition, the Sphex species mentioned here are 
katydid specialists and provision their nests primarily 
with various members of the Tettigoniidae (Bohart and 
Menke 1963; Brockman 1985). Based on published 
reports, the orthopteran species used by S. pensylvan-
icus and S. ichneumoneus appear to differ somewhat: 
the former preys on larger katydids such as Fork-tailed 
Bush Katydid (Scudderia furcata Brunner, 1878; 
Rau 1944), Northern Bush Katydid (Scudderia sep-
tentrionalis (Serville 1839); Kurczewski 1997), and 
Greater Angle-wing Katydid (Microcentrum rhombi-
folium (Saussure, 1859); Frisch 1938); the latter preys 
on a wider variety of orthopterans (Brockman 1985)
including various Scudderia spp., Neoconocephalus 
spp., Conocephalus spp., Orchelimum spp., and, to a 
somewhat lesser extent, Black-horned Tree Cricket 
(Oecanthus nigricornis F. Walker, 1869). As both 
Sphex species show an obvious preference for katy
dids as nest provisions, any increases in the abun-
dance, regional diversity, or uniformity in the ranges 

of katydids should promote further colonization by 
these wasps.

All members of the Tettigoniidae known to oc-
cur in Maritime Canada prefer open areas, such as 
old field habitat, forest clearings and trails, and road-
side margins (Vickery and Kevan 1985). Given that 
forestry, agriculture, and industry have transformed 
Atlantic Canada into a much patchier, heterogeneous 
landscape over the last five centuries (Loo et al. 2010), 
an increase in abundance and geographic uniformity 
of katydids in the region during this period seems 
likely. There is also evidence of recent expansion of 
some orthopteran species used by Sphex in the region 
(McAlpine and Ogden 2012; Klymko et al. 2018; 
Lewis and McAlpine 2018), such as native Sword-
bearing Conehead Katydid (Neoconocephalus ensi
ger (Harris, 1841)), S. septentrionalis, O. nigricornis, 
and the European introduction Roesel’s Shield-backed 
Katydid (Metrioptera roeselii (Hagenbach, 1822)). As 
climate warming continues, further increases in the 
abundance and range of orthopterans in the region can 
be expected (Scudder and Vickery 2010).

Many climate warming studies have used historical 
data to examine changes in the phenology of insects, 
particularly in northern regions. Climate warming in 
northern areas will allow some species to be active for 
longer periods (Levy et al. 2016). Altermatt (2009) 
found that, even since 1980, the warmer climate has al-
lowed some European butterflies and moths to increase 
the number of generations completed within a season. 
This may, however, be harmful for species that produce 
an additional generation but encounter a lack of avail-
able host plants (Altermatt 2009) or those that fail to 
enter diapause on time (Buckley et al. 2017). As the 
northern populations of S. ichneumoneus (and presum-
ably also S. pensylvanicus) are univoltine (Brockman 
1985), any increase in temperature will likely be ben-
eficial and may allow these wasps to be active longer 
each day and later in the season when their preferred 
katydid nest provisions are mature and most active.
Voucher specimens

Sphex ichneumoneus (Linnaeus, 1758)—Canada, 
New Brunswick: Saint John County: Black Beach, 
end of Lighthouse Road, 7.5 km southwest of 
Lorneville, 45.144285°N, 66.236958°W, 15 Septem
ber 2017, J.H. Lewis, one dead male taken from spi-
der web on Solidago sp. in coastal old field habitat 
(NBM-068251), orthopterans Oecanthus nigricornis, 
Slender Meadow Katydid (Conocephalus fasciatus 
(De Geer, 1773)), and Broad-winged Bush Katydid 
(Scudderia pistillata Brunner, 1878) also collected.

Sphex pensylvanicus Linnaeus, 1763—Canada, 
New Brunswick: Kings County: along Nerepis River, 
near intersection of Brittain Road and McKenzie 
Road, 45.390972°N, 66.285265°W, 15 August 2015, 
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J.H. Lewis, along Silver Maple (Acer saccharinum L.) 
dominated floodplain forest in wildflower rich clear-
ing, two males taken from Queen-of-the-Meadow 
(Filipendula ulmaria (L.) Maximowicz) (NBM-
052358; NBM-052382), orthopterans Conocephalus 
fasciatus and Scudderia pistillata also collected; 
Charlotte County: along Highway 1, between Oak 
Bay and St. Stephen, 45.219586°N, 67.232816°W, 
25 September 2017, J.H. Lewis, two females taken 
along wildflower rich trail near highway (NBM-
068247), orthopterans Scudderia septentrionalis and 
Oecanthus nigricornis also collected.
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Abstract
Dispersal of freshwater mussels (order Unionida) is primarily as glochidia on the fins and gills of host fish. Adult mussels 
are more sessile, generally moving short distances (<2 m/week) along lake and river beds. Between 2007 and 2016, we 
observed seven instances of adult Eastern Elliptio (Elliptio complanata) and one instance of a fingernail clam (Sphaerium 
sp.) attached to the feet of freshwater turtles in streams and ponds of New England, United States. Observations included 
five instances of mussels attached to Wood Turtles (Glyptemys insculpta) in Maine and Massachusetts, one instance of a 
mussel attached to the fingernail of an Eastern Painted Turtle (Chrysemys picta) in Massachusetts, one instance of a mussel 
attached to a Snapping Turtle (Chelydra serpentina) in Massachusetts, and one instance of a fingernail clam attached to the 
fingernail of an Eastern Painted Turtle in Massachusetts. We suggest that Eastern Elliptio may be susceptible to transport by 
freshwater turtles foraging in mussel beds and that transport of adult mussels by freshwater turtles could result in otherwise 
atypical long-distance, upstream, or overland dispersal between waterbodies.
Key words: Eastern Elliptio; Elliptio complanata; freshwater mussel; Wood Turtle; Glyptemys insculpta; Eastern Painted 

Turtle; Chrysemys picta; Snapping Turtle; Chelydra serpentina; fingernail clam; Sphaeriidae; Sphaerium sp.; 
dispersal

Eastern Elliptio (Elliptio complanata), which is 
among the more abundant and widespread freshwater 
mussels (Unionida) of northeastern North America, is 
a generalist species reportedly capable of parasitizing 
over 20 fish species from nine families (reviewed by 
Lellis et al. 2013). Dispersal of freshwater mussels 
occurs primarily through glochidial (i.e., larval) 
attachment and transport on host fishes (Balfour and 
Smock 1995; Terui and Miyazaki 2015). Movement 
of adult freshwater mussels via crawling may be 
associated with spawning aggregations (Amyot and 
Downing 1997), changes in water levels (Newton et 
al. 2015), or other environmental changes (Schwalb 
and Pusch 2007). However, movements of adult 
mussels, including Eastern Elliptio, are generally short 

(<2 m/week) and are not thought to be of significant 
value for long-distance dispersal (Balfour and Smock 
1995; Schwalb and Pusch 2007; Terui and Miyazaki 
2015). Here, we provide evidence of three species of 
freshwater turtle passively transporting adult Eastern 
Elliptio attached to their claws or feet. We also present 
one occurrence of a turtle transporting a fingernail 
clam (Sphaerium sp.), adding to other reports of this 
phenomenon on amphibians (Engel et al. 2008; Wood 
et al. 2008; Kappes and Haase 2012).

We observed seven instances of Eastern Elliptio, 
and one instance of a fingernail clam (Sphaerium 
sp.) attached to the claws and feet of wild, freshwater 
turtles. Five of these observations were made during 
Wood Turtle (Glyptemys insculpta) studies involv- 
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ing more than 15 000 visual and nonvisual detec-
tions of 1765 Wood Turtles (Jones 2009; Jones et al. 
2018). On 4 October 2007, we radio-located adult 
male Wood Turtle #333 (straight carapace length 
[SCL] 184.4 mm; mass 912 g) in Franklin County, 
Massachusetts. An adult Eastern Elliptio was firmly 
attached to the turtle’s hind right foot. At the time of 
observation, the turtle was walking on the river bot-
tom. On 12 September 2013, we located male Wood 
Turtle #98-13 (SCL 200.0 mm; mass 1181 g) during 
a standardized visual survey (Jones et al. 2018) in 
Somerset County, Maine. The turtle was submerged 
on the stream bottom and an adult Eastern Elliptio 
was firmly attached to the turtle’s hind foot. On 13 
September 2013 during a timed survey in Somerset 
County, we located Wood Turtle male #126 (SCL 
201.0 mm; mass 1271 g) walking quickly upstream 
on the river bottom. An adult Eastern Elliptio was 
attached firmly to a fingernail on his hind left foot 
(Figure 1a). On 13 October 2013, we again located 
male #126, the same Wood Turtle observed on 13 
September, during a timed survey. The turtle was 444 
m upstream of his earlier location on 13 September 
and, again, had an Eastern Elliptio firmly attached, 
this time to his front left foot (Figure 1b). We deter-
mined from photographs that the mussel was a differ-
ent individual. At the time of capture, the turtle was 
submerged on the river bottom. In none of the preced-
ing cases did the mussel appear to impede movement 
of the turtle. On 19 September 2015, during another 
standardized Wood Turtle survey in Somerset County, 
we located an adult female Wood Turtle (#452) bask-
ing on a clay riverbank with an adult Eastern Elliptio 
attached to her front foot (Figure 1c).

We observed similar phenomena with Eastern 
Painted Turtles (Chrysemys picta picta) in Massa
chusetts. On 23 September 2014, while undertaking 
surveys for Northern Red-bellied Cooter (Pseudemys 
rubriventris), we observed an adult Painted Turtle 
with an Eastern Elliptio attached to its hind left foot. 
The turtle was basking on a log in a large pond in 
Plymouth County (Figure 1d). On 24 April 2008, we 
observed a fingernail clam (Sphaerium sp.) attached 
to the front left foot of a young Eastern Painted Turtle 
(Figure 1e) in a small stream in Berkshire County.

We also observed one instance of an Eastern 
Elliptio attached to the right hind foot of a Common 
Snapping Turtle (Chelydra serpentina) in Hampshire 
County, Massachusetts, during a freshwater mussel 
survey on 11 July 2016 (Figure 1f). The turtle was 
moving across the bottom of the brook at the time we 
captured it.

It is possible that mussels become attached to tur-
tles that forage in mussel aggregations. On 11 June 
2011, we observed an adult female Wood Turtle (#44) 

feeding on the broken remains of a dead mussel along 
a river bank in Somerset County, Maine.

This is not the first report of passive transport of 
mussels by freshwater turtles: Kew (1893) reported 
an Eastern Elliptio attached to the jaw of a Snapping 
Turtle in Wisconsin. Further, Eastern Elliptio was re-
ported by Darwin (1882) attached to the middle toe 
of a duck from Danversport, Massachusetts, spur-
ring Darwin’s hypotheses on assisted colonization by 
aquatic fauna. Darwin (1882) and others (Engel et al. 
2008; Wood et al. 2008; Kappes and Haase 2012) have 
reported occurrences of other freshwater bivalves 
(e.g., Sphaeriidae) transported over land on the toes 
of pond-breeding salamanders, aiding in the disper-
sal of the molluscs to nearby ponds. Eastern Elliptio 
can be a protandrous hermaphrodite capable of self-
fertilization, which is likely to aid in colonization of 
new areas by a small founding population (Downing 
et al. 1989). However, unlike the Sphaeriidae, Eastern 
Elliptio still requires a fish host for glochidial trans-
formation. Thus, it is feasible that short overland dis- 
persal of adult mussels by turtles could aid in the col-
onization of new habitats if fish hosts are present in 
the new area.

Closure (adduction) of the bivalve shell is con-
trolled by the anterior and posterior adductor muscles, 
used in locomotion as well as a protective response to 
light or physical stimuli (Waller et al. 1999). A turtle 
foot or claw that touches the mantle of a gaped mus-
sel will elicit adduction and attachment. This same re-
sponse is employed by a crowsfoot brail dredge, used 
to collect freshwater mussels for research and com-
mercial harvest (Miller and Payne 1993; Williams 
et al. 1993; Sietman et al. 2011). Collection of mus-
sels using a brail dredge is associated with 50% or 
higher mortality (Williams et al. 1993; Waller et al. 
1999), but it is unclear whether mussels attached to 
turtles would exhibit similar rates of mortality. The 
high mortality rate on a brail dredge may be caused by 
shell and soft tissue damage from the dredging itself 
and also from the active removal of mussels from the 
brails. A thick-shelled mussel attached to a turtle foot 
would likely undergo far lower forces than those on 
a brail dredge and are likely to be detached via their 
own release. Nevertheless, there is potential for soft 
tissue injury (i.e., to the foot, viscera, or mantle) that 
could result in mortality.

Species-specific differences exist in tolerance to 
emersion (i.e., being out of water), and shell closure 
is used to protect freshwater mussels from dessica-
tion during emersion (Waller et al. 1999; Gough et 
al. 2012). Eastern Elliptio is known to survive emer-
sion for two or more days (P.D.H. pers. obs. during 
mussel salvage attempts following a dam removal 
in Pepperell, Massachusetts, 2015; S.L.J. pers. obs. 
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during several canal drawdown surveys in Holyoke, 
Massachusetts). Given this emersion tolerance, 
Eastern Elliptio is likely to survive short-term emer-
sion during turtle-facilitated transport if they release 
near shore or when a turtle goes back into the water.

We suggest that Eastern Elliptio may be more sus-
ceptible than other more fragile-shelled mussel spe- 

cies (i.e., Pyganodon sp., Anodonta sp.) to turtle 
facilitated transport because of its relative abundance 
in New England, shell strength, and the strength of 
its closure. The relative contribution of this activity 
to Eastern Elliptio dispersal and/or mortality is cur-
rently unclear, but presumed to be relatively low. 
Although we did not specifically track the number of 

Figure 1. a. Adult Eastern Elliptio (Elliptio complanata) firmly attached to the foot of an adult male Wood Turtle 
(Glyptemys insculpta; #126) in Somerset County, Maine, USA, on 13 September 2013. Photo: M.T. Jones. b. Adult Eastern 
Elliptio firmly attached to the front foot of the same Wood Turtle (#126) in Somerset County, on 13 October 2013. Photo: 
M.T. Jones. c. Adult Eastern Elliptio firmly attached to the food of an adult female Wood Turtle (#452) in Somerset County, 
on 19 September 2015. Photo: M.T. Jones. d. Adult Eastern Elliptio firmly attached to the foot of an adult Eastern Painted 
Turtle (Chrysemys picta) in Plymouth County, Massachusetts, USA, on 23 September 2014. Photo: M.T. Jones. e. Fingernail 
clam (Sphaerium sp.) attached to the front foot of a young Eastern Painted Turtle in Berkshire County, Massachusetts, 
USA, on 24 April 2018. Photo: M.T. Jones. f. Adult Eastern Elliptio firmly attached to the food of an adult Snapping Turtle 
(Chelydra serpentina) in Hampshire County, Massachusetts, USA, on 11 July 2016. Photo: S.L. Johnson.
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times freshwater turtles were observed without mus-
sels attached to their feet, the phenomenon appears to 
be a regular occurrence, as we observed it in three dis-
tinct watersheds and in three freshwater turtle species.
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Abstract
Italian Wall Lizard (Podarcis siculus) is known from scattered locations in the United States, including Orcas Island, 
Washington, where a population went unreported for about a decade, but was confirmed in 2017. On 19 June 2019, a single 
adult female P. siculus was caught in an industrial area along the northern arm of the Fraser River in Vancouver, British 
Columbia; this represents the first record of this species on the loose in Canada. No other P. siculus were sighted in the 
Vancouver area. We assume this Canadian P. siculus was a lone stow-away and had not deposited eggs. We could not deter-
mine how it entered the province.
Key words: British Columbia; first record; Italian Wall Lizard; introduced species; Podarcis siculus

Humans have purposely or accidentally intro-
duced non-native reptiles and amphibians in many 
parts of the world (Lever 2003). European lacertids, 
including Western Green Lizard (Lacerta bilineata), 
Ocellated Lizard (Timon lepidus), Ibiza Wall Lizard 
(Podarcis pityusensis), Italian Wall Lizard (Podarcis 
siculus), and Common Wall Lizard (Podarcis mura
lis), have appeared in North America with all but P. 
pityusensis and T. lepidus establishing populations 
(Lever 2003; Burke and Deichsel 2008; Kraus 2009). 
Two Podarcis species occur along the Pacific coast 
of North America, with Common Wall Lizard arriv
ing first, in 1967, and spreading rapidly in south-
western British Columbia (Deichsel and Schweiger 
2004; Matsuda et al. 2006; Engelstoft et al. 2020). 
In 1994, Italian Wall Lizards were released in south-
ern California, and the species is now known from 
several locations (Deichsel et al. 2010; Hollingsworth 
and Thomson 2016). This species is also established 
on Orcas Island, Washington (L. Hallock pers. comm. 
15 October 2018). As of 2019, the Orcas Island P. sicu-
lus, which were mistakenly identified as P. muralis, 
had existed there for 12 years (C. Raimond unpubl. 
report, sent to A. Leaché). Here, we document the first 
occurrence of P. siculus in British Columbia.

A single female P. siculus (Figure 1; RBCM 
2187) was caught by Cathy Judd on 19 June 2019, 
at Unit 8, 8385 St. George Street (49.208641°N, 
123.094219°W), Vancouver, British Columbia (Fig
ure 2). The location is bound by railroad tracks, the 
northern arm of the Fraser River delta, and residential 
areas, each representing a potential dispersal route for 
invading Podarcis. The lizard’s presence was reported 
to A. Veldhoen, and a photograph was forwarded to 
the Royal British Columbia Museum for identifica-
tion. On 25 June 2019, the lizard was hand carried to 
the Royal British Columbia Museum, anaesthetized 
using Oragel (20% benzocaine, Church & Dwight 
Canada Corp., Mississauga, Ontario, Canada), then 
frozen overnight once it was unresponsive. The lizard 
was thawed, a liver sample was taken and preserved 
in 95% ethanol for future genetic work, and the rest 
of the lizard was fixed in 10% formaldehyde. After a 
week, the lizard was transferred to 70% ethanol for 
permanent storage. Latitude and longitudinal coordi-
nates for the collection locality were generated using 
Google Earth.

In the United States of America, P. siculus is 
known from Kansas, Missouri, New Jersey, Long Is
land, New York, Connecticut, Massachusetts, Penn-
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sylvania, Virginia, California (Lever 2003; Kraus 
2009; Burke 2010; Deichsel et al. 2010; Briggler et 
al. 2015; Donihue et al. 2015; Hollingsworth and 
Thomson 2016), and Washington (Orcas Island). 
According to A. Leaché (pers. comm. 16 October 
2018), C. Raimond was the first to report wall liz-
ards at Bullock’s Permaculture Homestead, 0.7 km 
northwest of Deer Harbor Marina (48.626991°N, 
123.011423°W), Orcas Island, Washington on 13 
May 2017, with accompanying photographs uploaded 
to Flickr on 14 May 2017. Raimond suggested that 
the lizards he photographed were P. muralis from 
Vancouver Island; however, we have reidentified the 
photographed lizards as Podarcis siculus campestris. 
At least eight individuals of different age classes were 
seen on Orcas Island along a partly shaded, rocky, 
south-facing slope. According to Raimond’s 2017 re-
port, landowners knew that these lizards had been on 
the property for at least 10 years. In Figure 2, the dot 
on Orcas Island, centred on Raimond’s original sight-
ing, represents the potential range of P. siculus after 
a decade of unassisted dispersal, assuming range ex-
pansion rate is the same as estimated by Burke (2005) 
and Burke and Deichsel (2008).

To our knowledge, RBCM 2187 represents the 
first record of P. siculus on the loose in Canada. 

The Canadian specimen was collected at the office 
of Honeycomb Direct Mail Inc., beside Rent-a-Tent 
Canada in Vancouver, about 65 km north of the P. sic-
ulus population on Orcas Island, Washington (Figure 
2). As no hatchlings have been seen where RBCM 
2187 was collected, we assume it was a lone stow-
away and had not deposited eggs. It is possible that 
this Canadian specimen stowed away in camping 
gear used on Orcas Island, or arrived in a mail ship-
ment from Europe or elsewhere in North America. 
The Orcas Island specimens photographed by C.  
Raimond and RBCM 2187 have colouration con
sistent with P. s. campestris, the northern subspecies 
ranging from easternmost France and the southern tip  
of Switzerland, throughout the northern two-thirds of  
Italy, east to the coasts and coastal islands of Slovenia,  
Croatia, Bosnia/Herzegovina, and all but the southern  
tip of Corsica (Speybroeck et al. 2016).

The rapid spread of P. muralis in British Colum
bia, including the Osoyoos specimen, which travelled 
from Vancouver Island to Osoyoos in a shipment of 
grapes (Engelstoft et al. 2020), and the recent appear
ance of P. siculus in Vancouver indicate that the po-
tential for accidental transport of Podarcis is high. 
Because P. siculus is established on Orcas Island in 
the same climatic zone as southern Vancouver Island 

Figure 1. Dorsal and ventral views of a female Italian Wall Lizard (Podarcis siculus; RBCM 2187) found in Vancouver, 
British Columbia, Canada. Total length = 143 mm, snout to vent length = 59 mm, scale bar = 1 cm. Photo: G. Hanke.
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and Vancouver, is successful in cooler climates else
where in North America (Burke et al. 2002) and is  
known to eat other lizards and lizard eggs and at-
tempt to ingest animals as large as shrews (Capula  
and Aloise 2011; Grano et al. 2011), it represents a  
high-risk invader in southwestern British Columbia.  
Given that P. muralis is already established as an in-
vasive species in British Columbia, the addition of 
a second Podarcis species would intensify the im
pact on the native fauna of southwestern British  
Columbia.
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Abstract
Due to its restricted occurrence and existing threats, Carmine Shiner (Notropis percobromus) has been listed as threatened 
under the Canadian Species at Risk Act. Little is known about Carmine Shiner biology, and understanding its diet compo-
sition will help inform future conservation actions. Consequently, the aim of this study was to analyze the diet of Carmine 
Shiner. Fish were caught throughout the open water season using beach seines, and stomach contents were analyzed. 
Carmine Shiner feed on a variety of terrestrial and aquatic insects. Diets did not differ substantially between year classes, 
and we observed no clear temporal trends in diet composition.
Key words: Species at risk; Carmine Shiner; diet; stomach contents

Introduction
In Canada, Carmine Shiner (Notropis percobro-

mus (Cope, 1871)) is currently listed as Threatened 
under the Species at Risk Act (SARA Registry 2019). 
The reason for this designation is that, in Canada, the 
species occurs only in a restricted area in southeast-
ern Manitoba including the Birch River where threats 
such as pollution and habitat loss exist (COSEWIC 
2018). The major threat to the species is ongoing al-
terations in water flow as a result of stream regulation 
(Fisheries and Oceans Canada 2013). The life history, 
habitat requirements, biology, and physiology of the 
species are not well understood, but research is im-
proving our understanding of temperature preference, 
habitat use, and metabolic rate (Stol et al. 2013; Carr 
et al. 2015; Macnaughton et al. 2019).

Analyzing the diet of Carmine Shiner increases 
our understanding of its food requirements and helps 
us evaluate threats to the species. This information 
may inform conservation measures leading to an im-
proved recovery strategy and preservation of the pop-
ulation in Canada (Fisheries and Oceans Canada 
2013). Currently, the available information on the bi-
ology of Carmine Shiner, specifically, diet, is insuf-
ficient to identify factors that might limit its recov-
ery. Such research is an urgent priority (Fisheries and 
Oceans Canada 2015; COSEWIC 2018).

At the southern part of its distribution in the Ozarks 
(in Missouri, Arkansas, Oklahoma, and Kansas, USA), 
Carmine Shiner has been described as a consumer of 
aquatic and terrestrial insects (Hoover 1989). Aquatic 
caddisfly larvae constitute the bulk of the diet, but 
terrestrial insects, fish eggs, algae, diatoms, and in-
organic material are also consumed (Hoover 1989). 
Juvenile Carmine Shiner prefer algae and diatoms to 
insects. In addition, food competition among minnow 
species results in greater dietary specialization by 
Carmine Shiner on midges (Chironomidae; Hoover 
1989). In the Birch River, Carmine Shiners have been 
observed darting to the water surface to feed (E.C.E. 
pers. obs.) suggesting that terrestrial insects may be 
an important food source.

In this study, we evaluated the food consump-
tion of Carmine Shiner in the Birch River, a tribu-
tary of the Winnipeg River in Manitoba, Canada. Our 
objectives were to: (1) study the diet composition of 
Carmine Shiner; (2) compare the diet composition be-
tween year classes; and (3) analyze temporal (June to 
October) variations in diet composition.

Methods
The Birch River is situated in the Winnipeg River 

watershed in southeastern Manitoba (Figure 1). 
Originating in Birch Lake, it flows ~17 km north to 
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its confluence with the Boggy River, then continues 
for another ~52 km northwest to its confluence with 
the Whitemouth River. The river is unregulated and 
the upper portions of its watershed have low levels of 
anthropogenic disturbance (Clarke 1998). The Birch 
River is a meandering, low-gradient watercourse. 
Water depth is generally less than 1 m during the 
summer, fall, and winter. Silt, sand, and gravel are the 
dominant substrate types. The watershed has a drain-
age area of 864 km2 (Carr et al. 2015).

Carmine Shiner is a slender, elongate minnow 
found mainly in clear, brown-coloured, fast-flowing 
creeks and small rivers (Watkinson and Sawatzky 
2013). It can be sexually mature at the age of one year 
and has a lifespan of at least three years (COSEWIC 
2018).  In  Manitoba,  its  maximum  observed  fork 

length is 67 mm. It is olive green to silvery white in 
colour, but spawning adults develop bright red cheeks 
and fin bases. Spawning Carmine Shiners have been 
captured over clean gravel or cobble substrates and 
are known to spawn in early summer (Stewart and 
Watkinson 2007). Predators are not well  known, 
but, in Manitoba, they probably include a number 
of piscivorous fish and bird species (Watkinson and 
Sawatzky 2013).

In Canada, Carmine Shiner is found only in 
Manitoba; it has been captured in the Winnipeg, Bird, 
Whitemouth, and Birch Rivers and in the Pinawa 
Channel (Watkinson and Sawatzky 2013). The popu-
lation is not connected to southern populations found 
in the United States. Carmine Shiner is not the target 
of any known fishery and has no direct economic im-

Figure 1. Location of the study area in the Birch River in the Winnipeg River watershed in Manitoba, Canada with the sam-
pling sites shown by triangles. The range of Carmine Shiner (Notropis percobromus) in Manitoba is indicated in dark grey.
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portance, but it is considered to be of “significant bio-
logical and scientific interest” (Fisheries and Oceans 
Canada 2013: iii). The species is sensitive to anthro-
pogenic disturbances because of its limited distribu-
tion and abundance. The Manitoba population is at 
the northern limit of the species’ current range and 
may possess unique characteristics related to local ad-
aptation (Stewart and Watkinson 2007).

Sampling was conducted approximately every two 
weeks from June to October 2011 in the Birch River. 
At each sample location, fish were collected with 
three passes of a 9.14-m long by 1.82-m high seine 
with a 1.82 × 1.82-m bag and 4.76-mm mesh. To 
maintain an equal sampling area between locations, 
one end of the seine was held stationary on shore and 
the other end was stretched out along the shore in an 
upstream direction then pulled downstream in a half 
circle. Fish were removed from the seine after each 
haul and placed in a holding tub. Fish were preserved 
in 95% ethanol on site for later identification, meas-
urement of fork length, and collection of stomach 
contents for analysis.

The stomach contents of 514 Carmine Shiners 
(mean fork length 34.9 mm, SD 12.7 mm) were an-
alyzed. Individual fish preserved in ethanol were 
taken out of the sample bottle. The fork length was 
measured to the nearest mm. Subsequently, under a 
dissecting scope (model SMZ 1000; Nikon, Tokyo, 
Japan), the fish were dissected on a 60-mm-diame-
ter wax-bottomed glass Petri dish and the esophagus, 
stomach, and intestines were extracted. Individual 
food items were then removed from the esophagus 

and front part of the stomach and put on an identifi-
cation tray. Food particles were counted and identi-
fied to the lowest feasible taxonomic level using taxo-
nomic keys and descriptions (Borror and White 1970; 
Merritt and Cummins 1996; Marshall 2013; Evans 
2014). The identified food particles were then put in a 
pre-weighed aluminum boat (0.12 mL, model 12577-
070; VWR International, Radnor, Pennsylvania, USA), 
dried for 24 h in a drying chamber at 70°C, and indi-
vidually weighed (dry weight).

To analyze ontogenetic diet shifts, we divided the 
sampled fish into size classes (Figure 2). An inde-
pendent mixture model was used to estimate size of 
the various age classes (Rennie et al. 2019). The mix-
ture model was fitted using the mix() function in the 
depmixS4 package (Visser and Speekenbrink 2010) 
in R version 3.40 (R Core Team 2017). A Gaussian 
distribution was used to classify the groups, using ei-
ther one or two hidden states (age classes) changing 
temporally as young-of-the-year (YOY) shiners did 
not occur in catches before late July (Figure 2).

For each size class, we then calculated the aver-
age proportion of each prey category in the stomach 
contents. To compare dietary overlap between size 
classes, we used the Schoener index (SI) based on 
prey abundance (Schoener 1970):

where a is the SI value, Pxi is the proportion of the ith 
prey item in age category or species class x, and Pyi is 
the proportion of the ith prey item in age category or 

Figure 2. Categorization of young-of-the-year (●) and ≥1 year classes (▲) of Carmine Shiner (Notropis percobromus) in
the Birch River, Manitoba, Canada, based on fork length (bars indicate 95% CI, n = 514).



2020	 Enders et al.: Carmine Shiner diet	 67

class y. An SI value of 0 represents no overlap; an SI 
value of 1 indicates complete overlap, and SI values 
>0.6 proposes a certain degree of food competition 
between age classes. All database manipulation and 
data analyses were done in R version 3.4.0 (R Core 
Team 2017).

Results
We analyzed the stomach contents of 514 Carmine 

Shiners, 349 (67.1%) of which yielded at least one 
prey item; the other 165 (32.9%) stomachs were 
empty (Figure 3). Among fish with at least one con-
sumed prey item, on average, 2.1 ± 0.2 (mean ± 
SD) invertebrates were found in their stomachs, 
but up to 36 prey items were found in a single fish. 
Carmine Shiners consumed a variety of terrestrial 
and aquatic invertebrates. The major groups found 
among the prey items included Coleoptera (59%), 
Hymenoptera (12%), Diptera (6%), and Hemiptera 
(6%). Hydraenidae made up 71% of the coleopteran 
insects with the major species  being  a  Hydraena 
sp. The other families of coleopteran insects found 
were  unidentified  (10.8%),  Hydrophilidae  (7.6%), 
Staphylinidae (2.7%), Carabidae (1.6%), Dytiscidae 
(0.6%), Coccinellidae (0.2%), and unidentified wee
vils (0.6%). The other groups of insects, which were 
further identified to a lower taxonomic group in
cluded Arachnida, Hemiptera (aphids, mirids, and 
tingids), Hymenoptera (Braconidae, Chalcidoidea, 
Formicidae, and Ichneumonidae), Phthiraptera, and 
Thysanoptera. Most identified prey items are terres
trial; only Dytiscidae, Hydraenidae, and Hydrophi
lidae are aquatic.

The number of prey items consumed by Carmine 
Shiners varied among sampling months (Figure 4), 
with the largest numbers of invertebrates (4.0 ± 0.5 

observed in August. We observed dietary overlap be-
tween YOY and older classes (≥1 year) of Carmine 
Shiners (SI 0.86). Although the frequency of occur-
rence of various prey categories varied among sam-
pling months, no temporal trend was detected (Fig
ure 5). In August and September, Carmine Shiner fed 
dominantly on Coleoptera. YOY Carmine Shiners 
consumed Arachnida, Coleoptera, Diptera, Hemiptera, 
and Hymenoptera in August, September, and October. 
Neuroptera, Psocoptera, Thysanoptera, Trichoptera, 
and Phthiraptera were not found in stomachs of YOY. 
Older year classes fed on Arachnida, Coleoptera, Dip
tera, and Hemiptera during June, July, and August. 
Thiraptera was observed in the diet only in June. All 
prey items other than Hemiptera were consumed in 
September. In October, only Coleopterans were ob-
served in older year classes. Neuroptera, Psocoptera, 
Thysanoptera, and Trichoptera were not consumed by 
older year classes in any of the sampling months.

Discussion
Carmine Shiners are visual feeders that consume a 

variety of seasonal food items. Stomach content anal-
ysis indicated that they consumed a wide prey base, 
reflecting their dynamic habitat conditions, i.e., len-
tic versus lotic, spatial river gradient, and seasonal 
succession of prey availability. Stomach contents 
included Coleoptera (the most dominant prey cate-
gory), Hymenoptera, Diptera, and Hemiptera. In par-
ticular, Hydraenidae were commonly observed in the 
diet. Hydraenidae are also referred to as minute moss 
beetles, as they are often found in moss or accumu-
lations of moist or wet dead leaves, sticks, and twigs 
along the margins of streams and rivers (Merritt and 
Cummins 1996). The proximity of the Hydraenidae 
habitat to the river margins (Borer and White 1998; 

Figure 3. Frequency distribution of items found in the stomach contents of a. young-of-the-year and b. ≥1 year classes of 
Carmine Shiner (Notropis percobromus) in the Birch River, Manitoba, Canada (n = 514).
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Evans 2014) probably explains their high proportions 
in shiner stomachs.

Diet patterns observed in our study were consist-
ent with Carmine Shiner diet reported in the literature. 
Southern populations of Carmine Shiner in the Ozarks 
have been described as omnivorous, lower to mid-
level consumers (Hoover 1989). Aquatic insects, par-

ticularly caddisfly larvae, constituted the bulk of the 
diet of these fishes, but they also consumed terrestrial 
insects, fish eggs, algae, diatoms, and inorganic mate-
rial. Competition for prey among minnow species in 
an Ozark stream led to greater dietary specialization 
by Carmine Shiner on chironomids (Hoover 1989). 
The diversity in Carmine Shiner diet decreased in the 

Figure 4. Mean number of prey items per stomach observed in Carmine Shiner (Notropis percobromus) in June to October
in the Birch River, Manitoba, Canada (bars indicate 95% CI, n = 514).

Figure 5. Frequency of prey categories by sampling month found in the stomach contents of a. young-of-the-year and b. 
≥1 year classes of Carmine Shiner (Notropis percobromus) in the Birch River, Manitoba, Canada (n = 514). “Other insects” 
represents those that could not be classified to order, “Unidentified” is particles that could not be identified because of the 
high rate of digestion, and “None” indicates empty stomachs.
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presence of Smallmouth Bass (Micropterus dolomieu) 
and increased with light levels, which suggests that 
prey are located by sight (Hoover 1989). Similarly, 
in the Whitemouth and Birch rivers in Manitoba,  
surface insects seem to be the dominant food type and 
Carmine Shiner have been observed rising to the sur-
face to feed (K.W. Stewart pers. obs. 2006).

In our study, prey condition varied widely among 
individual fish and with prey type, and unidentifi-
able organic matter was a significant component of 
stomach contents, perhaps because digestion had con-
tinued after the fish were collected and preserved. 
Consequently, only a portion of the diet could be de-
scribed and quantified based on intact prey. Identified 
Coleoptera remains consisted mainly of wings and the 
exoskeleton, indicating that the exoskeleton and es-
pecially the chelae may remain undigested for a long 
time. Other coleopteran body parts and other insects 
may be digested more rapidly, suggesting that the ob-
served diet composition might partly reflect differ-
ences in food digestion.

Food availability may also have been affected by 
drought conditions in the summer of 2011, when water 
level dropped to an extremely low level. The occur-
rence of stagnant water and high water temperatures 
may have affected the abundance and distribution of 
prey items and, consequently, the availability of food 
for Carmine Shiners, thus explaining the high propor-
tion of terrestrial prey in stomach contents.
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The thundering, no-holds-barred belly-laugh was  
often what visitors first heard when entering the 
herpetology collection at the National Museum of 
Canada (NMC), now the Canadian Museum of Nature 
(CMN)—hereafter, “the Museum”. That ringing wel-
come was from a man who not only sounded like 
Santa Claus but could easily have been his slimmed-
down double, twinkling eyes and all. Indeed, one win-
ter’s day in a suburban mall, he was actually identi-
fied by an excited little boy as being the grand old 
man himself in civilian clothes (Frank Pope pers. 
comm. 15 June 2020). This jovial personality was 
especially appreciated during the time (1964–1993) 
when the collection and its associated offices were 
housed in mundane, rented commercial space in west 
end Ottawa, Ontario (ON) before they were trans-
ferred to the magnificent Natural Heritage Campus 
in Gatineau, Quebec (QC). Much more than just the 
laugh of this life-long herpetologist and long-time 
Canadian Field-Naturalist (CFN) editor was larger 
than life, however.

Francis Russell Cook (3 March 1935–3 January 
2020), was one of those fortunate people who very 
early in life knew what he wanted to do, got to do 
it, and never regretted his choice. His passion for the 
study of amphibians and reptiles began in childhood 
and before he was through he had generated and an-
alyzed a huge quantity of herpetological data (see 
Appendix 1), encouraged and inspired the research 
and careers of numerous biological investigators, and 
in his capacity as the longest serving Editor / Editor-
in-Chief in this journal’s 140 year history, facilitated 
the publication of a vast amount of scientific literature 
(Catling et al. 2016).

While proud of his Maritimes roots, Francis spent 
most of his life in Ontario. Upon arriving in Ottawa at 
15 years of age he immediately began to expand his 

herpetological knowledge first through field experi-
ence and by connections with other naturalists in the 
local young naturalists’ club (Cook 2010a). A decade 
later he was appointed Curator of Herpetology, thus 
commencing a 60-year professional herpetological 
association with the Museum. He would hold that po-
sition until 1991. Subsequently he continued to work 
almost daily as a Researcher Emeritus / Research As
sociate for another decade and a half (Figure 1) un-
til illness confined him to his rural heritage stone 
home in the country near Bishops Mills, ON. Francis 
died in Kemptville, ON on 3 January 2020 after a 
short period of hospitalization (OFNC Publications 
Committee 2019). His happy laugh and twinkling 
smile were with him to the end.

Early History and Family
Francis was born in Wolfville, Nova Scotia (NS) 

on 3 March 1935. His father, Thomas William Cook, 
was a Professor of Psychology and also worked at 
the Defence Research Board in Ottawa, ON. Tho
mas’ wife Dorothy (Cochrane) was a stay-at-home 
mother, looking after the home as well as son Francis, 
his brother Edmund Cochrane (Ned) Cook, and sis-
ter Florence Hazel (Smallman). The family moved 
considerably across Canada as required by Thomas’ 
academic and professional appointments, residing  
for periods in Wolfville, NS; then Toronto, ON; Sas
katoon, Saskatchewan; Victoria, British Columbia; 
and, finally, Ottawa.

Francis’ curiosity in nature was piqued early (at 
age six!) when his brother, Ned hatched “a scoop of 
toad eggs” (Cook 2010a). He later visited the Royal 
Ontario Museum in Toronto and was so intrigued by 
what he saw and by the encouragement of legendary 
herpetologist Shelley Logier, that he decided then and 
there—at age nine—to dedicate his career to study-
ing reptiles and amphibians. In Ottawa as a teenager 
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in 1950, he joined the Macoun Field Club (MFC), the 
junior naturalists’ group co-sponsored by the Ottawa 
Field Naturalists’ Club (OFNC) and the Museum, and 
soon became a volunteer leader. In later years as a 
Museum staff member he would serve as a leader of 
the program.

During an era when institutional facilities and their 
staff were substantially more publicly accessible than 
now, Francis also frequented the Museum herpetol-
ogy section where he made a friend—and mentor—of 
fellow Nova Scotian, Dr. Sherman Bleakney. Francis 
assisted in Bleakney’s research for several years, first 
as a volunteer and then as a summer field assistant. He 
then attended Acadia University (1955–1960), com-
pleting his B.Sc. in 1959, the same year that Bleakney 
moved from the Museum to Acadia University as 
well. Francis completed his M.Sc. there in 1960 under 
Bleakney’s supervision, his thesis on the herptofauna 
of Prince Edward Island being based substantially on 
specimens they collected together. Ironically, consid-
ering their long history of joint field studies, research 
and collaboration (Figure 2), Bleakney died only two 
months before Francis (Bleakney 2020).

Francis married Joyce Crosby on 26 October 
1962, an accomplished entomologist in her own right. 
In 1970 they purchased an old stone farmhouse south 
of Ottawa near Bishops Mills, ON, where the family 
(including son Thomas and daughter Wanda) lived in 
a quiet and beautifully wild setting.

Herpetological Research, Curation, and 
Teaching

Sherman Bleakney’s return to Acadia University 
in 1958 had left the Museum without a staff herpetolo-
gist but Francis Cook was known to Museum person-
nel as an enthusiastic and knowledgeable—and un-
employed—young man. When the offer was made in 
May 1960, he readily accepted the position as Curator 
of Herpetology. He held that post continuously there-
after except for a two-year educational leave in the 
late 1960s to do a Ph.D. (formally completed in 1978) 

Figure 2. Francis Cook (far right) examining specimens in 
the field in eastern Ontario with Sherman Bleakney (left) 
and two unknown associates, August 1957. Photo: courtesy 
of Joyce Cook.

Figure 1. Francis Cook at his desk as Canadian Museum of Nature Emeritus Researcher, striking an atypically serious 
tone. Photo: Peter Frank, 11 September 2007, © Canadian Museum of Nature.
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at the University of Manitoba in Winnipeg, Manitoba.
The early focus of his research at the Museum 

stemmed from his Ph.D. work, addressing the bioge-
ographic and taxonomic implications of the transition 
zone between eastern and prairie biota as expressed 
through morphological variations in the native toads, 
Eastern American Toad (Anaxyrus americanus ame
ricanus) and Canadian Toad (now Anaxyrus hemi
ophrys). A life-long advocate for properly collected 
and suitably curated specimens, he collected the ma-
jority of the more than 4000 study specimens from be-
tween the Rocky Mountains and the Atlantic Ocean.

From his earliest days at the Museum Francis ac-
tively encouraged and facilitated contributions to the 
herpetological specimen collection and provided ad-
vice and collecting materials to willing field natural-
ists (including D.F.B. and P.M.C.) to ensure specimen 
contributions were responsibly obtained and that they 
maximized their information potential. Herpetologist 
Fred Schueler, later a Research Associate at the Mu
seum, responded most prolifically to this encourage-
ment and donated thousands of specimens, particu-
larly those of Northern Leopard Frog (Lithobates 
pipiens). As curator of the collection until 1991, 
Francis oversaw its growth from an initial 14 000 to 
133 000 specimens. It became the largest assemblage 
of Canadian herpetological material anywhere in the 
world (Cook 2010a).

Francis’ research was always substantially field 
oriented, such as surveys of species distributional 
gaps across Canada, life history investigations of rare 
or biogeographically significant species, and inven-
tories of national parks. This is reflected in his publi
cations. Of the ~50 articles and notes he produced in 
peer-reviewed journals and the ~30 published else-
where (Cook 2010a; Seburn and Halliday 2018), 
most address distributional issues or provide life his-
tory information for particular Canadian species. He 
proposed no nomenclatural innovations, although 
taxonomic implications were discussed in his com-
prehensive toad studies (Cook 1983).

Certainly one of the best known and appreci-
ated of his publications is Introduction to Canadian 
Amphibians and Reptiles (Cook 1984) which is still in 
wide use. He was working on an update of that book 
as recently as 2018 (Spears 2018). On a more local 
level, his Amphibians and Reptiles of Ottawa (Cook 
1981) remains the definitive herpetological treatment 
for that area.

Since the early 1970s Francis and Joyce Cook also 
conducted herpetological (and entomological) mon-
itoring studies in the woods and wetlands surround-
ing their rural home. These investigations include 
the marking and release of over 28 000 amphibians 
and reptiles (Cook 2010a) in what surely must be one 

of the most comprehensive, long-term herpetologi-
cal monitoring projects ever conducted in Canada. 
Although unpublished, these herpetological data are 
preserved in Museum files and are potentially availa-
ble for analysis and documentation by others.

Francis’ formal career at the Museum ended 
abruptly in July 1993 when several dozen research-
ers were summarily “retired” in a highly controver-
sial and widely denounced cost-cutting measure 
(Mackenzie 1993). Remarkably, despite his bitterness 
at this forced retirement, he continued his Museum 
research without interruption. In January 1994 he  
accepted the honourary title of Curator / Researcher 
Emeritus and continued his work at the Museum as a 
Research Associate until only a couple of years ago, 
making the long drive into the Museum from the Land 
O’Nod Road (the euphonically appropriate address of 
his country home) on an almost daily basis.

Both in his research and general conversation 
Francis demonstrated a quick wit, a competitive na-
ture, and a refreshing direct, honest manner. He could 
be feisty, showing particularly limited patience for 
byzantine bureaucracy. For Francis, however, the bot-
tom line was one’s level of commitment to the study 
of nature. If you had a passion for the investigation 
and conservation of the natural world, he had all the 
time in the world for you, regardless of your formal 
status. And you needed ‘all the time in the world’ too, 
because the man could talk! Visits or telephone con-
versations with Francis (he was constantly taking 
calls; Figure 3) were fascinating, informative, chal-
lenging … and never brief.

He was, simply put, inspirational and generous to 
a fault with his time and material. He and Joyce were 
amongst the longest serving members of the OFNC 
(over 60 years). Francis was a member of Council 
(the Board of Directors) from 1961 to 1966 and again 
from 1982 to 2011. He served one term as OFNC 
Vice-President (1965–1966) and was Chairman of the 
Macoun Field Club from 1961 to 1963. Such com-
mitments cut into his professional productivity but 
he thought of this as a worthwhile contribution to 
Canadian natural sciences—and to naturalists. B.K., 
D.F.B., and P.M.C. are amongst the many, ranging 
from OFNC / MFC members and professional as-
sociates to citizens at large, who benefitted directly 
from his encouragement and aid. Many significant 
Canadian biological professionals would readily ac-
knowledge the importance of Francis’ mentorship in 
their early development.

Editorial Work
Francis was widely respected for his editorial 

work. Most of this involved CFN which he served 
in various capacities for 55 years. He was a member 
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of the OFNC Publications Committee (CFN’s pub-
lisher) from 1962 to 1966, and again from 1981 to 
2010, where his influence was substantial. Most sig-
nificant, however, was his unequalled editorial contri-
bution. He served as an Associate Editor with prime 
responsibility for herpetology from 1972 to 1981 and 
again, with prime responsibility for herpetology and 
tributes, from 2011 to 2016. He was Editor-in-Chief 
from 1962 to 1966 and again from 1981 to 2010, a 
length of service (34 years), unmatched by any other 
editor in the journal’s 140 year history (Brunton 1986; 
Cook 1986; Catling et al. 2016).

Francis was a careful and thoughtful editor who 
prided himself in helping struggling authors. He put 
‘getting it right’ ahead of ‘getting it quickly’, to the 
frustration at times of associates and the journal’s ad-
ministration. It also led to an amusing line in his obit-

uary from his son Thomas, however: “always a touch 
backlogged with his projects, Francis postponed pub-
lication of his obituary as long as he could before the 
accumulation of aging’s downsides finally overcame 
his constitution” (Anonymous 2020).
Productivity and statistics

Francis oversaw the publication of an astonishing 
19 275 pages in 35 volumes during his tenure as Editor / 
Editor-in-Chief of CFN. This does not account for ad-
ditional editorial work such as annotation and revi-
sion of manuscripts that were submitted to the journal 
but ultimately not published. That duration and those 
statistics fall short of telling the whole story, however. 
Successful peer review in scientific journals substan-
tially relies on the expertise and good judgement of 
the editor(s), who must ultimately decide if and when 
a paper is ready for publication. Francis combined his 
skills as a field biologist with a usually patient edito-
rial disposition that maximized the outcome for many 
authors. Much time was spent helping authors con-
ceptualize their ideas and communicate effectively. 
This and his exceptional diligence encouraged the de-
velopment of a strong and committed editorial and 
production team that remained largely intact for dec-
ades. Francis had a particularly strong and productive 
relationship with CFN Business Manager W.J. (Bill) 
Cody. Bill pursued his work on behalf of the publica-
tion with a comparable level of diligence for over 50 
years (Catling et al. 2010; Cook 2010b).
A guiding concept

Francis strongly believed in and advocated for 
an independent Canadian journal of natural history 
to serve naturalists, conservationists, and scientists. 
He believed it could only be supported in Canada by 
subscriptions from both lay naturalists and employed 
professionals. Neither group alone would be strong 
enough to finance and sustain the preparation and pro-
duction of such a peer-reviewed journal. This idea, in 
keeping with the OFNC’s long-established mandate 
for encouraging and publishing original research by 
its members (Whyte 1880), has proven extremely suc-
cessful over the years. On several occasions over the 
more than 135 years since the incorporation of the 
OFNC, bad times for the journal (e.g., World War I) 
were only survived with the support of the OFNC or-
ganization and bad times for the organization (e.g., 
the Great Depression) were only endured by national 
support through the journal (Brunton 2004).

Francis contributed to the protection of this in-
clusive concept with the ad hoc Publications Review 
Committee, appointed by the OFNC council. In 1980 
and 1981 the committee reviewed and refined the ed-
itorial mandate and developed a policy to guide the 
proportion of scientific versus popular content in the 

Figure 3. A classic image of “the Snake Man” (as he was 
identified in the accompanying article), reptiles in one 
hand, phone in the other. The darker animal is a Northern 
Watersnake (Nerodia sipedon), the lighter one an Eastern 
Fox Snake (Pantherophis gloydi). Photo: scan of photo from 
Ottawa Citizen, 6 March 1987.
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journal. This was not an easy nor an uncontroversial 
discussion. Although for diametrically opposite rea-
sons, individuals at both extremes of the issue wanted 
to separate the journal from the OFNC (Smith 1981). 
After extensive consultation and debate, however, 
the unified philosophy prevailed, as indicated in the 
subsequent Publication Policy (Bedford 1983) which 
continues to frame and direct OFNC publications in 
the present. The success of this concept was due in 
substantial part to constructive input and a vigourous 
defence of that philosophy by Francis and other like-
minded naturalists.
CFN as a tool for conservation

With the help of the federal Fisheries and Oceans 
Canada department (specifically, Robert Campbell; 
Renaud 2011) and personnel in the Canadian Wildlife 
Service (CWS), Francis arranged for the publication 
of a large series of status reports on faunal species at 
risk commissioned by the Committee on the Status 
of Endangered Wildlife in Canada (COSEWIC). 
These included annual reports, updates and—most 
importantly—status reports on 89 fishes and 51 ma-
rine mammal species. In addition, CFN published 
status reports on one amphibian, two reptiles, two 
birds, two mammals, one invertebrate, and 12 vascu-
lar plant species. This not only provided a significant 
public outlet for these important conservation docu-
ments when none other was available, but the associ-
ated publication fees represented significant financial 
relief for the operational costs of the CFN. Although 
federal and provincial governments eventually took 
over the online publication of official status reports, 
the CFN initiative had satisfied an important national 
conservation need (Lepitzki 2017) and continues to 
publish papers resulting from field work conducted 
during COSEWIC status report preparation (e.g., 
Ovaska et al. 2019).

Francis’ conservation efforts also extended to 
his long-time (1981 to 1994) chairmanship of the 
COSEWIC Amphibian and Reptiles Subcommittee, 
and acting as Scientific Advisor from 1975 to 1994 on 
policy and regulation development for the Canadian 
representatives to the Convention on International 
Trade in Endangered Species (CITES).
Special issues

Themed issues exploring a particularly large and 
important topic area have been a part of CFN for many 
years, the first biological example being a catalogue 
of Saskatchewan birds published almost a century ago 
(Mitchell 1924). Francis promoted such comprehen-
sive contributions more aggressively than any editor 
before him, resulting in some remarkable issues that 
not only contribute to the overall richness of the jour-
nal but are important as stand-alone publications. The 

first of these, “Peregrene <sic> Falcons in the 1980s” 
(CFN 104[2] 1990 https://www.biodiversitylibrary.
org/page/34346719), represented the work of a num-
ber of contributors updating a continental assessment 
of this species at risk that had been published a decade 
earlier. A diversity of special issues subjects followed, 
including a valuable history of botanical exploration 
in Canada (Pringle 1995), the definitive biography of 
eminent Canadian ornithologist Percy A. Taverner 
(Cranmer-Byng 1996), the detailed description of or-
chid species in the Ottawa District of ON and QC 
(Reddoch and Reddoch 1997), and a comprehen-
sive history of the CWS (Burnett 1999). Francis pre-
pared a postscript for the latter, addressing the close 
working relationship between CFN and the CWS and 
pointing out that two of his predecessors as CFN edi-
tors were CWS scientists (Cook 1999).

Awards
Francis was sensitive and thoughtful in handling 

reptiles and amphibians, and a very supportive mem-
ber of the Canadian Amphibian and Reptile Conser
vation Society. In 1991 he was the first recipient of 
the society’s Distinguished Canadian Herpetologist 
Award (later renamed the R.W. Rankin Award) for his 
dedicated and long-term service.

Other career achievement recognition came 
with his receipt of the Alliance of Canadian Natural 
History Museum’s first Gold Leaf Award (subse-
quently, the Naylor Award) in 2007 for “exceptional 
contribution to museum-based natural history in 
Canada” (Cook 2010a: 10). That was followed by the 
first Blue Racer Award by the Canadian Amphibian 
and Reptile Conservation Network in 2001 “in rec-
ognition of long standing contributions to amphib-
ian and reptile research and conservation in Canada” 
(Canadian Herpetological Society 2020).

Honorary Membership of the Ottawa Field-
Naturalists’ Club was conferred on Francis in 1998 
for his contributions to herpetology, conservation, 
and especially for his editorial contributions to CFN 
(Darbyshire 1999). He received the OFNC Member 
of the Year Award in 1990 for his efforts in re-estab-
lishing the journal’s intended publication schedule 
(Gummer 1991) and again in 2010 in recognition of 
his overall contributions to CFN. Part of the latter ci-
tation reads “he has maintained the CFN as the most 
scientifically important and visible aspect of the Club” 
(Allison et al. 2011: 184). He was indirectly respon-
sible for the OFNC receiving the Richardson Natural 
History Education Award Trophy (for special contri-
butions to natural history education) from Ontario 
Nature (formerly, Federation of Ontario Naturalists) 
in 1996 in recognition of the long-term contribution 

https://www.biodiversitylibrary.org/page/34346719
https://www.biodiversitylibrary.org/page/34346719
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and continuing success of CFN (Pope 1997; Catling 
et al. 2010).

The production of two CFN Special Issues (132[1] 
https://doi.org/10.22621/cfn.v132i1.2140 and 132[2] 
https://doi.org/10.22621/cfn.v132i2.2167) in 2018 re
presented only the second time an issue of the journal 
(let alone two) had been dedicated to an individual 
(Figure 4). The only previous example was the me-
morial issue dedicated to OFNC founder (and CFN-
predecessor editor) James Fletcher published over a 
century earlier (in 1909; Ottawa Naturalist 22[10] 
https://www.biodiversitylibrary.org/page/5506754).

In 2018 after a lifetime of distinguished service 
to Canadians and Canada, Francis was admitted as a 
Member to the Order of Canada (Figure 5). The cita-
tion (Governor General of Canada 2018) notes his con-
tributions as a scientist, his success in the publication 
of vast amounts of biological information, and his ef-
fective communication of an appreciation of amphibi-
ans and reptiles to Canadians at large. What a fitting ex-
clamation point for a remarkable and life-long editor!

Always a Naturalist
Yes, Francis was a scientist but first and foremost, 

he was a classic field naturalist. To the end of his days 
he remained interested in promoting the publication 
of observational natural history investigation of all 
kinds and by all kinds of authors. Non-institutional 
contributors were welcome and, under his guidance, 
many independent and institutional researchers alike 
published the first of what would be a lifetime of sci-
entific contributions in CFN. That noble achievement 
is perhaps his most greatly appreciated legacy. Of 
course, he will also be remembered as that surreal fig-
ure with twinkling eyes, a loud voice, and a quick wit.
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Figure 5. Francis Cook at the award ceremony of the Order of Canada at Rideau Hall on 1 February 2019 with Governor 
General Julie Payette (standing right). Photo: Sgt. Johanie Maheu, Rideau Hall © OSGG, 2019.
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Appendix 1. Francis Cook publications.
A bibliography of the publications by Francis 

Cook was recently produced in this journal by Seburn 
and Halliday (2018) and thus is not repeated here. 
Amongst the titles they listed are all of Francis’ pub-
lications in peer reviewed journals as well as herpe-
tological publications in non-peer reviewed publica-
tions such as local naturalist club periodicals. These 
101 titles may be accessed at https://doi.org/10.22621/
cfn.v132i2.2169.

The following lists Francis Cook’s 171 miscella-
neous publications (thematically, in chronological or-
der) which contain original information and are not 
included in Seburn and Halliday (2018). Francis also 
produced 32 annual Editor’s Reports commencing 
with Cook (1982), each summarizing the journal’s 
statistics for the proceeding volume. Those ‘house-
keeping’ reports are not listed here.

This bibliography is presented in four subsections: 
listed first are abstracts, tributes, and historical publi-
cations, followed by important file reports, then book 
reviews in herpetology, and finally, other book reviews.
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Botany

Flora of Florida, Volume VII: Dicotyledons, Orobanchaceae through Asteraceae
By Richard P. Wunderlin, Bruce F. Hansen, and Alan R. Franck. 2020. University Press of Florida. 492 pages, 70.00 USD, 

Cloth.

With the publication of  
Volume VII, a milestone 
has been reached in the 
monumental Flora of Flor
ida project. The coverage  
of all dicot taxa is now 
complete. Only the much-
anticipated monocot treat-
ments remain outstanding, 
these to be completed in 
Volumes VIII through X.

The Flora of Florida 
project began in 2000 with the publication of Vol- 
ume I (Pteridophytes and Gynmnosperms). Following 
a lengthy hiatus, a flurry of activity has brought the 
Flora to an advanced state. Reviews of Volumes II & 
III, IV, V, and VI can be read in The Canadian Field-
Naturalist 130: 248–249 https://doi.org/10.22621/cfn. 
v130i3.1890, 131: 375 https://doi.org/10.22621/cfn. 
v131i4.2090, 132: 68 https://doi.org/10.22621/cfn.v 
132i1.2121, and 133: 70 https://doi.org/10.22621/cfn.
v133i1.2343, respectively.The ambitious initial goal 
of completing the Flora in 2020 suddenly became un-
tenable in a world reordered by the COVID-19 pan-
demic, but there is every reason to still expect it to be 
completed soon.

Volume VII describes taxa in families of major sig-
nificance across North America, such as Orobanch
aceae, Caprifoliaceae, and Apiaceae. The Asteraceae, 
however, constitute the most significant component, 
occupying the majority of the volume’s pages. Of the 
approximately 800 species, subspecies, varieties, and 

named hybrids within the 12 families treated in the 
volume as a whole, some 600 taxa in 139 Asteraceae 
genera are presented here. The large diversity within 
Asteraceae genera familiar to northern botanists is 
startling; 21 Solidago, 29 Symphyotrichum, and 16 
Eupatorium taxa, for example, are represented here. 
A listing (and explanation) for numerous excluded 
species that are unconfirmed or reported in error also 
appears at the conclusion of each generic treatment.

The comprehensive treatment of synonymy that 
has been a hallmark of Flora of Florida continues in 
Volume VII. Many taxa have a dozen or more syn-
onyms listed but Taraxacum officinale L. tops the 
bill with 40 names. There would be ‘only’ 32 syn-
onyms, however, had Taraxacum erythrospermum 
Andrzejowski not been combined within T. officinale 
in an unexplained contradiction of the Flora of North 
America treatment (the only taxonomic reference 
for the genus). The synonymy treatments in Flora of 
Florida will provide valuable information anywhere 
where the nomenclature of these taxa is under con-
sideration.

Keys updated from Wunderlin’s Guide to the Vas
cular Plants of Florida (University of Florida Press, 
1998) are placed immediately after each genus de-
scription, with alphabetically arranged species treat-
ments following. Individual treatments comprise con-
cise and usually satisfactory physical descriptions, 
but with only ‘bare bones’ distributional and ecolog-
ical information. Unfortunately, there are no illustra-
tions—not even a county map of Florida. Readers 
are encouraged (and will need) to consult the on-
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line Atlas of Florida Plants (http://florida.plantatlas.
usf.edu) for photos and more detailed range informa-
tion. This constraint reduces the effective compari-
son of distributional and ecological characteristics of 
Floridian populations with those beyond state bound-
aries. In that light, the English language interpreta-
tion/translation of Latin names is perhaps not the best 
use of limited text space. These are interesting, how-
ever. I enjoyed learning, for example, that the epithet 
for Hasteola robertiorum L.C. Anderson was selected 
because three botanists named Robert had studied that 
Florida endemic!

Although Florida is exceptionally rich in endemic 
and subtropical plants, a surprisingly large compo-
nent of the local flora extends northward into the 
northeastern United States and adjacent Canada. The 
Canadian range of such taxa appears to be accurately 
reported for the most part. Canadian representation 
is also conspicuous in the mention of taxonomists 
who defined many of the taxa treated here, including 
Bernard Boivin, Kathleen Pryer, John Packer, and es-
pecially John Semple for his work with Asteraceae.

The physical structure of the book is somewhat 
contradictory. On the one hand the text font is clean, 
easy to read, and printed on high quality paper. The 
cloth cover is attractive and sturdy, as befits a refer-
ence work. On the other hand, the binding on Volume 
VII is of surprisingly poor quality. The weak paper 
(not cloth) connection between the cover side boards 
and the spine is already separating after only light use 
of the review copy, as it did with the review copies of 
Volumes V and VI before it. Unless this is just a fea-
ture of review copies and not representative of nor-
mal production quality, that represents an unfortunate 

production flaw that is all the harder to understand 
given the high cost of an otherwise uncomplicated 
book. If so, let us hope this is corrected for the final 
three volumes.

More small glitches were noted in the factual 
context of this volume than in previous volumes of 
the Flora. The statement (p. 46) that Lobelia spicata 
Lamarck is known “only from the north of Florida” 
[emphasis mine], for example, undoubtedly was in-
tended to state, “only north of Florida”. Small words, 
big difference. Rogers McVaugh is erroneously de-
scribed (p. 39) as the authority for Lobelia amoena 
while other botanical literature and the Atlas of 
Florida Plants cite this as L. amoena Michaux (1802). 
Although Helianthus microcephalus Torrey & Gray is 
reported to occur in Ontario (p. 275), there is no valid 
record reported in Canadian literature. The authority 
and publication date for Calyceraceae (R. Brown ex 
L.C. Richards 1820) are absent (p. 55), as is an ex-
planation (p. 166) of the origin for Brickellia Elliott 
(commemorating Irish-born physician and naturalist 
John Brickell, 1748–1809).

Some such small issues are inevitable in a work 
of this complexity, however, and few if any consti-
tute significant issues affecting the worth of this vol-
ume. And Volume VII is worthy. Indeed, it represents 
a particularly important component of the Flora of 
Florida. With each new volume, the Flora becomes 
an increasingly valuable floristic tool that is applica-
ble far beyond the boundaries of that state, extend-
ing meaningfully all the way up here to the Great 
White North.

Daniel F. Brunton
Ottawa, ON, Canada

©The author. This work is freely available under the Creative Commons Attribution 4.0 International license (CC BY 4.0).
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Ornithology

Birds in Winter: Surviving the Most Challenging Season
Roger F. Pasquier. Illustrated by Margaret La Farge. 2019. Princeton University Press. 304 pages, 29.95 USD, Cloth or 

E-book.

Full disclosure: I like books 
that deal with a broad topic 
in Ornithology, and I espe-
cially like ones that treat 
that topic from a natural his-
tory perspective, so I began 
with a positive bias towards 
this book. From the title, 
and also from the cover pic-
ture, showing a crossbill 
perched on a snowy branch, 
I anticipated that it would 
be mostly about how birds 
cope with tough physical conditions in winter at high 
latitudes. That material is here, but there is much, 
much more. This is a very wide-ranging volume.

The book begins by describing migration as a 
strategy for avoiding cold weather and short days and 
continues with a discussion of food caching for win-
ter survival, the ecology of migrants in their wintering 
areas, and the maintenance of territories and winter 
flocking behaviour among wintering birds, both resi-
dent and migrant; strategies to cope with cold weather 
and short days do not get much attention until 120 
pages in. Following two chapters on the rigours of 
high latitude winters (Survival, The Winter’s Day) the 
author moves to preparations for spring and departure 
from the wintering grounds. The book concludes with 
a chapter on conservation and a chapter on climate 
change and its observed and predicted impacts.

The many topics covered are reflected in the au-
thor’s recourse to a very large number of references: 
more than 600 are cited, of which about half are dated 
after 2000, so this is a pretty up-to-date account. 
There is a very judicious combination of broad gener-
alizations and specific examples. For instance, we are 
told, “For many birds, direct competition [in winter] 
is reduced or avoided when each sex and age group 
differs in habitat choice, feeding specialty, anatomy or 
winter range” (p. 63). This generalization is then ex-

emplified by three Scandinavian owls that have con-
trasting migration strategies. It is inevitable that some 
generalizations provoke counterexamples in the mind 
of the reviewer, but I found few that I disagreed with 
entirely and many that I found useful and thought-
provoking. This book would be an excellent source of 
ideas around which to develop hypotheses and tests 
for any graduate student thinking about doing a pro-
ject relating to migrant birds.

Unfortunately, an inevitable result of covering so 
many topics is that the text is very dense with facts 
and this does make reading hard going in some places. 
This is not really a book to read straight through, but 
rather one to dip into for particular topics. Another 
small reservation I had about the book concerns the 
illustrations, by Margaret La Farge. They are well de-
signed to complement the text, but some combina-
tion of paper and printing seems to have reduced the 
clarity for some of them. It is worth noting that the 
publisher’s claim: “Birds in Winter is the first book 
devoted to the ecology and behavior of birds during 
this most challenging season”, is not strictly true, as 
a book by Jennifer VanVoorst with the same title was 
published in 2016 (Bullfrog Books). However, that is 
a children’s book, designed as a teaching aid.

I thought I knew plenty about winter challenges 
for birds, but the book made me appreciate the huge 
ramifications winter has for the feathered tribe. Even 
birds that never leave the tropics feel the competition 
from migrants that spend more than half the year in 
their habitats. Surprisingly, considering the impor-
tance of the subject, the statement that this is the first 
general review of wintering in birds does appear to 
be true for adult natural history books, so this is a re-
ally welcome publication on a previously neglected 
topic. I found it a tremendous compilation of ideas 
and facts about wintering birds and I think it deserves 
to be very widely read.

Tony Gaston
Ottawa, ON, Canada

©The author. This work is freely available under the Creative Commons Attribution 4.0 International license (CC BY 4.0).
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Zoology

Marine Mammals: Adaptations for an Aquatic Life
By Randall W. Davis. 2019. Springer International Publishing. 192 pages, 99.99 USD, Cloth.

Marine Mammals is a sci-
entific text that reviews the 
different adaptations of ma-
rine mammals that allows 
them to survive in a ma-
rine environment. This book 
comes from the perspec-
tive of physiology, and thus 
it focusses primarily on the 
different physiological and 
sensory adaptations specific 
to marine mammals. There 
are a few different ways to categorize marine mam-
mals, and this book specifically includes all mem-
bers of Cetacea (mysticete and odontocete whales), 
Sirenia (dugongs and manatees), Pinnipedia (seals 
and sea lions), and Sea Otters, and excludes other pe-
ripheral marine mammals such as Polar Bears and 
aquatic sloths. This comparative physiological ap-
proach offers a powerful perspective on convergent 
evolution—how mammals on different evolutionary 
trajectories all became adapted to living in the same 
harsh environment that is so different from the terres-
trial environment that their ancestors lived in.

The eight general topics covered in this text are: 1) 
evolution; 2) respiration and the effects of pressure; 
3) metabolism and thermoregulation; 4) locomotion; 
5) physiological adaptations for breath-hold diving; 
6) sensory systems; 7) feeding and digestion; and 8) 
sleep. As an ecologist, I would have liked to see infor-
mation on behavioural adaptations; however, the text 
is already more than 300 pages long and is full of de-
tailed information, so there was clearly no room for 
more topics beyond physiology. This book would be 
excellent reference material for anyone studying ma-
rine mammals (both students and researchers), and is 
also filled with information that would be interesting 
for any naturalist who wants to dive deep into what 
makes marine mammals so different from their ter-
restrial counterparts. Some knowledge of physiology 
and anatomy will be required to understand some of 
the material in this book.

One of my favourite aspects of this book is how 
it frames the entire story around the evolutionary his-
tory of marine mammals. Chapter 2 gives an interest-
ing overview of how marine mammals evolved from 

their terrestrial ancestors, looking at transitions from 
life on land to life in the water. This sets the stage 
very nicely for all of the different physiological adap-
tations that mammals needed to acquire to be able to 
live in the water. A very useful feature of this book, 
especially for those wishing to use it as reference ma-
terial, is that each chapter ends with a good summary, 
which the reader can quickly skim to determine if the 
information that they are looking for is present.

As an ecologist who studies bioacoustics (the 
sounds made by animals) in marine mammals, I was 
particularly interested in Chapter 7 (Sensory Sys
tems), which includes a section on audition and sound 
production (section 7.2.1). The section is very de-
tailed, and even describes separate adaptations of the 
four different groups of marine mammals that this 
book focusses on. Based on my own understanding 
of hearing and vocalizations made by cetaceans and 
pinnipeds, this section does a good job of reviewing 
the many aspects of hearing and audition in these ma-
rine mammals.

The author, Randall Davis, is a professor at Texas 
A&M University who studies the behaviour and div-
ing physiology of marine mammals. According to the 
Preface for this book, he wrote a review article on ad-
aptations for diving physiology (Davis 2014), and the 
editor asked him if he would be willing to turn his 
review article into an entire book on adaptations for 
aquatic life. Davis then spent the next five years div-
ing into the scientific literature to determine what ad-
aptations marine mammals have evolved for the life 
aquatic. This book is the culmination of a tremendous 
amount of time digging into the scientific literature, 
and I think that the author has done an excellent job 
of presenting and summarizing all of this information.

Literature Cited
Davis, R.W. 2014. A review of the multi-level adapta-

tions for maximizing aerobic dive duration in marine 
mammals: from biochemistry to behavior. Journal of 
Comparative Physiology B 184: 23–53. https://doi.org/ 
10.1007/s00360-013-0782-z

William D. Halliday
Wildlife Conservation Society Canada, 

Whitehorse, YT, Canada and
School of Earth and Ocean Sciences, University 

of Victoria, Victoria, BC, Canada

©The author. This work is freely available under the Creative Commons Attribution 4.0 International license (CC BY 4.0).

https://doi.org/10.1007/s00360-013-0782-z
https://doi.org/10.1007/s00360-013-0782-z
https://creativecommons.org/licenses/by/4.0/


2020	 Book Reviews	 89

The Voices of Marine Mammals: William E. Schevill and William A. Watkins: Pioneers in 
Bioacoustics
Edited by Christina Connett Brophy. 2019. New Bedford Whaling Museum. 125 pages and flexi-disc insert of audio record-

ings, 29.99 USD, Paper.

The field of marine bio
acoustics, or the study 
of sounds made by ma
rine life, really only be
gan after World War II. 
Navies round the world 
began developing un-
derwater acoustic tech-
nology during the war 
to detect enemy submarines and, following the war, 
biologists began using and further developing this 
technology to study marine life. Two researchers from 
Woods Hole Oceanographic Institution (WHOI) were 
truly pioneers on this front: William (Bill) Schevill 
and William (Bill) Watkins. The Voices of Marine 
Mammals provides a really interesting overview of 
the many ways that Schevill and Watkins contrib-
uted to marine bioacoustics and marine mammal bi-
ology. Most chapters were written by authors who 
were touched by Watkins and Schevill in some way, 
whether they were trained, supervised, or mentored 
by Watkins and Schevill or collaborated with them.

The impetus behind this book was the donation by 
WHOI of the entire collection of whale and seal audio 
recordings made by Watkins and Schevill to the New 
Bedford Whaling Museum (NBWM). The NBWM 
then undertook the project of archiving, cataloguing, 
and digitizing this immense collection of whale and 
seal vocalizations. To celebrate this collection and 
the careers of Schevill and Watkins, the NBWM put 
together this book and released the Watkins Marine 
Mammal Sound Database (https://cis.whoi.edu/
science/B/whalesounds/index.cfm). People interested 
in learning more about the history of marine bioa-
coustics should read this book and should also visit 
the Watkins database website to listen to the marine 
mammal sounds discussed within the book. The hard-

copy of this book also comes with a flexi-disc con-
taining excerpts from a recording made by Watkins 
and Schevill in 1962, entitled “Whale and porpoise 
voices: a phonograph record”. These excerpts in-
clude five tracks from the 19 on the original record. 
The full, original record and its introductory 26-page 
booklet can be downloaded from https://hdl.handle.
net/1912/7431. This flexi-disc is a nice addition to the 
book for anyone with the equipment to play it.

This book presents a great combination of biog-
raphy and history of biology. It is full of interesting 
anecdotes about the lives of Watkins and Schevill, 
their adventures in the field, how they started dif-
ferent research projects and collaborations, and how 
they affected the careers of many researchers who are 
themselves at the top of their fields today. It also pro-
vides many examples of how Watkins and Schevill 
advanced different aspects of marine mammal sci-
ence: nine of the 11 chapters in The Voices of Marine 
Mammals are dedicated to specific frontiers in ma-
rine mammal science that these scientists helped to 
advance. While most of their influence was related 
to marine mammal bioacoustics, they were also in-
volved in developing the earliest tracking tags that 
could be attached to whales, which is a type of tech-
nology that is crucial to much of what we know about 
the movements of whales.

The Voices of Marine Mammals is well-written 
and should be easy to understand for readers with a 
basic knowledge of biology and science. It should be 
especially interesting to those interested in marine 
mammal science and the history of biology.

William D. Halliday
Wildlife Conservation Society Canada, 

Whitehorse, YT, Canada and
School of Earth and Ocean Sciences, University 

of Victoria, Victoria, BC, Canada
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Other

The Tangled Tree: A Radical New History of Life
By David Quammen. 2018. Simon and Schuster. 480 pages, 25.00 CAD, Paper.

The Tangled Tree is a me-
ticulously researched work, 
mainly a popular science 
text written for the public 
but also part memoir, not of 
Quammen, but of the his-
tory of the Tree of Life it-
self, those scientists who 
brought it into being, and 
those who rattled it. This 
was my first foray into 
Quammen’s extensive body 
of work, so I cannot com-
pare this book to his other titles, but this is a book 
that takes its time. Re-reading the introductory mate-
rial after finishing the book I can see the connections 
that he makes, but a first read does not offer much of 
a road map for the book’s structure, and the rest of the 
work proceeds in the same unhurried way.

A hefty 480 pages and 84 chapters, The Tangled 
Tree is broken into seven main parts in addition to 
a short introduction, acknowledgements, extensive 
notes, and a detailed bibliography. Quammen lays the 
groundwork in Part I, Darwin’s Little Sketch, provid-
ing biographies of key figures in the history of our 
emerging understanding of evolution. Each chap-
ter within a section is quite short, only a few pages 
long, and there is some truly personable writing here. 
In large part, this book is a biography of key figures 
in the step-by-step discovery of the Tree of Life, be-
ginning with microbial taxonomy, moving along with 
the discovery and acceptance of Archaea and endo-
symbiosis, and, eventually, horizontal gene transfer. 
Featured are a physical description of each researcher, 
their academic history, personality, relationships with 
others in the field, quarrels and challenges, triumphs 
and rejected papers. Quammen jumps around in time 
somewhat, and not all the characters are savoury—
the criminal allegations against them are also duti-
fully listed. It also explores the methods of these key 
discoveries, describing the experimental techniques, 
equipment, and all the radiation and explosive com-
pounds that they necessitated.

For me, the book really picks up steam after 
Chapter 51 when horizontal gene transfer jumps into 
the fray. From antibiotic resistance that hops from 

chickens to farm workers, to new questions about the 
history and future of life on earth, the last third of 
The Tangled Tree rewarded my persistence. Although 
I found that the biographical focus made for a pon-
derous read at times, there is never any sense that the 
author is uninterested in the subject matter, and those 
moments where Quammen writes his own thoughts, 
although rarer, are quite creative and playful. For ex-
ample, on the topic of over-prescribing antibiotics in 
the case of viral infections, against which they are 
useless, Quammen states: “you might just as well try 
to hose the dirt off of your driveway using a flash-
light” (p. 232). I will absolutely be borrowing this—
with attribution, of course.

A central figure throughout the book is Carl Woese, 
who pioneered the technique of using 16S RNA to 
characterize and compare microbes. The last three 
chapters are almost entirely dedicated to Woese’s de-
clining health, and his death ends the story at Chapter 
84. This is an appropriate ending to the style of book 
Quammen has written. If you are a fan of biography 
and enjoy peeking into the sometimes petty, churl-
ish, and fraught side of scientific discovery as well 
as its highlight reel, you will likely enjoy the struc-
ture of this book. If you have come for the ‘new stuff’, 
such as endosymbiosis and horizontal gene transfer, 
be aware that you will have some wading to do. This 
is not to say that The Tangled Tree doesn’t teach you 
fascinating new things; as you would expect from the 
title, there is much discussion of the Tree of Life—
from Darwin’s small preliminary sketch scrawled in 
his “B notebook” to the discovery of the Archaea, and 
the long standing and impassioned debates around 
the Tree’s utility as an organizing conceptual model. 
Quammen has collected stories and anecdotes from 
sources such as archived correspondences, published 
articles, biographies, and a multitude of in-person in-
terviews to create a very personal history of the field 
of microbiology as it relates to the eventual discovery 
of horizontal gene transfer, but it does take its time in 
getting there. There are real nuggets of excellent writ-
ing and genuine interest here, but I suspect the style 
will not be for everyone.

Heather Cray
Halifax, NS, Canada

©The author. This work is freely available under the Creative Commons Attribution 4.0 International license (CC BY 4.0).
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Levelling the Lake: Transboundary Resource Management in the Lake of the Woods 
Watershed
By Jamie Benidickson. 2019. University of British Columbia Press. 367 pages, 89.95 CAD, Cloth.

The Lake of the Woods wa-
tershed straddles the bor-
ders of Ontario, Manitoba, 
and Minnesota in the heart 
of the continent, providing 
a complex regional con-
text for the examination of  
resource management is-
sues of wider relevance. 
The watershed encompas
ses roughly 70 000 km2, ex-
tending over 400 km from 
its outlet at the Winnipeg 
River near Kenora, Ontario, east to beyond Quetico 
Provincial Park and the Boundary Waters Canoe Area 
Wilderness. The broad geographic scope tackled by 
Levelling the Lake is matched by an ambitious time 
frame covering the last century and a half of resource 
management. Joining 30+ other titles in UBC Press’ 
Nature/History/Society series, including his 2007 The 
Culture of Flushing: A Social and Legal History of 
Sewage, Jamie Benidickson’s latest work explores 
the environmental, legal, and regulatory history of 
this vast area.

Although we pay little thought to the provincial 
boundaries today, as Benidickson chronicles, jurisdic-
tion in this area was hotly disputed between the gov-
ernments of Ontario and Canada in the latter part of 
the 19th century. This had profound effects on how 
natural resource extraction and development pro-
ceeded over the decades to come, and how the obliga-
tions of Treaty 3 were met (or not). For example, ow-
ing to the federal-provincial dispute, the delineation 
of reserves was not finalized until over four decades 
after the signing of Treaty 3 in 1873, during which 
time Indigenous communities lost prime agricultural 
lands they formerly used for their gardens. Indeed, 
an underlying current of broken treaty promises runs 
throughout the book and has one seriously question-
ing the “honour of the Sovereign” (p. 56).

Fourteen chapters examine how the various levels 
of government (e.g., federal, provincial, state, munici-
pal) wrestled with often competing interests of hydro- 
electric development, forestry, mining, fishing, tour-
ism, and recreation, as well as municipal develop-
ment and agriculture. Although it makes for a com-
plex story, Levelling the Lake benefits from its broad 
scope because so many component parts are inter-
twined, if only by their impacts on water quality and 

quantity. For example, the early timber industry in the 
watershed was particularly dependent on the hydro-
power required for its mills, and the control of flows 
and water levels facilitated log driving.

The strength of Levelling the Lake is its scholar-
ship. Professor Benidickson teaches environmental 
law at the University of Ottawa, where he is a highly 
respected member of the Centre for Environmental 
Law and Global Sustainability. Not surprisingly, 
Levelling the Lake is impressively researched, and 
provides 66 pages of endnotes, as well as suggested 
readings and an index. The maps are effective de-
spite the lack of colour, and essential for orienting the 
reader. I found the 19 historical photos a treat, partic-
ularly for familiar locales, and wished there had been 
more. The inclusion of graphic timelines or additional 
charts might have helped readers hang on to the narra-
tive thread when at times it is difficult to navigate the 
maze of names and dates. Fortunately, Benidickson 
(largely) manages to render complicated subject mat-
ter comprehensible, typically with a deft or wry turn 
of phrase. For example, when discussing the impos-
sibility of securing both uniform level and uniform 
outflow on Lake of the Woods, the author remarks, 
“Anyone likely to confuse management of a large wa-
tershed with filling a bathtub was thus on notice to ex-
pect disappointment” (p. 11).

Levelling the Lake reminds us that history is very 
much alive and provides some cautionary tales. The 
Lake of the Woods Rainy River sturgeon (Acipenser 
fulvescens) populations that crashed a century ago 
from overfishing and habitat degradation have still 
not recovered. Historical mercury contamination in 
the English-Wabigoon River system from a pulp mill 
near Dryden continues to have devastating impacts 
on downstream Indigenous communities. The enor-
mous pit at the former Steep Rock Iron Mine near 
Atikokan continues to fill with water and without 
mitigation will eventually overflow, risking poten-
tial downstream effects (in 1951, turbidity from the 
site reached as far as Fort Frances!). Yet, Benidickson 
also provides some positive examples of mechanisms 
enabling a more sustainable approach to water man-
agement, such as the International Joint Commission 
(IJC) and the world-renowned Experimental Lakes 
Area (ELA) research program.

Levelling the Lake provided a new lens through 
which to view my backyard, from lesser-known 
events like the misguided expulsion of the Sturgeon 
Lake Indian Band from Quetico Provincial Park to 
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broader themes of our role in resource stewardship. 
This book will similarly appeal to anyone with a 
strong interest in environmental history, particularly 
students and scholars of the social sciences, humani-

ties, and Indigenous studies, not to mention resource 
managers in this neck of the woods and beyond.

Robert F. Foster
Northern Bioscience, Thunder Bay, ON, Canada

The Mosquito: A Human History of Our Deadliest Predator
By Timothy C. Winegard. 2019. Dutton imprint, Penguin Random House. 496 pages, 28.00 USD, Cloth.

For most people in North 
America any reference 
to mosquito means the 
dreaded hum which, if not 
eradicated with a quick slap, 
will translate into an itchy, 
red, annoying bump. So, 
should we believe Timothy 
Winegard’s assertion in the 
title of his latest book that 
mosquitos truly are “Our 
Deadliest Predator”? The 
first chapter of the book 
does dispel any skepticism with a quick rundown of 
animals most lethal to humans and mosquitos clearly 
dominate the top of the list, causing over two mil-
lion deaths per year; the next “animal” perhaps sur-
prisingly is ourselves, with humans causing 475 000 
deaths per year. The numbers then drop off quickly 
to include animals such as snakes at 50 000, dogs 25 
000, crocodiles 1000, and the much-feared shark at 
only about 10 deaths per year.

The mosquito is, of course, only the disease vec-
tor, the real cause of death being one (or more) of the 
15 virus, worm, or protozoan pathogens delivered by 
its bite. Yellow fever is the most lethal of the viruses 
carried by mosquitos, that also include less virulent 
dengue, chikungunya, Mayaro, West Nile, Zika, and 
variants of encephalitis. Elephantiasis, debilitating 
and disfiguring but not lethal, is caused by a filarial 
worm. Malaria, which currently is responsible for the 
greatest number of deaths each year, is a protozoan.

So while Winegard’s book quickly captured my 
interest by asserting the lethal capacity of mosqui-
tos, it just as quickly lost my interest by embarking 
on a history of the world shaped not by human ambi-
tion and determination but by Winegard’s assertions 
regarding the deadly influence of mosquitos. This 
would have been fine had the book made convincing 
arguments. In other words, for a natural history book 
to be enjoyable it must be plausible and supported by 
good evidence.

As a scientist reading Winegard’s book, my incli-
nation was to scrutinize what was being said and fact 
check the inferences being made. As the pages turned 

and my skepticism grew my reading enjoyment de-
clined, making it harder and harder to pick the book 
up to embark on another chapter. For example, this 
sweeping statement is made on page 38: “the symbol-
ism associated with chrysanthemums in global cul-
ture has been directly prejudiced by the mosquito”. 
Has it really? Can you make this statement when the 
flower is associated with death in countries with high 
historical rates of mosquito borne disease, while in 
other countries the flower symbolizes love, joy, and 
vitality? Almost as an aside the book also loosely 
links chrysanthemums, death, and global culture to 
the fact chrysanthemums are related to plants which 
produce pyrethrin, long recognized for its insecticidal 
properties. So, while it is true chrysanthemums sig-
nify different things in different cultures, there are no 
data to suggest that this is in any way linked to mos-
quito borne disease.

Had there been relatively few such stretches of the 
imagination I might have tolerated Winegard’s mus-
ings, but my enjoyment of the book became overshad-
owed by an annoyance at far too many unsubstanti-
ated conclusions of how mosquitos influenced human 
history. Following the reference to chrysanthemums, 
Winegard states, “Cloves, nutmeg, cinnamon, basil, 
and onions all soften malaria’s symptoms [do they?], 
which may explain why, for millennia, people have 
added these notionally hollow flavorings to their di-
ets” (p. 38). Could one not also conclude that the hu-
man palate simply enjoyed these flavours or that their 
medicinal uses are completely unrelated to mosqui-
tos? On page 42 Winegard attributes the all-consum-
ing global coffee culture and the fortunes of the likes 
of Starbucks to the stimulating properties of coffee 
which, he infers, may have been used medicinally 
against mosquitos based, presumably, on the fact that 
coffee originated in Ethiopia, a country with mosquito 
borne diseases.

Speculation escalates to a much larger scale as 
Winegard reviews the rise and fall of human em-
pires, beginning with the dominance of Bantu tribes 
in Africa because they carry the recessive gene for 
sickle cell which is known to provide some protec-
tion from malaria. Many Africans continue to pass 
on this recessive trait, but millions of Africans also 
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still die from malaria. The fall of the Roman em-
pire is attributed to a mosquito infested swamp, with-
out exploring more thoughtful analyses, such as 
Thomas Homer-Dixon’s in his book The Upside of 
Down: Catastrophe, Creativity and the Renewal of 
Civilization (Knopf Canada, 2006), which explains 
the fall in more complex terms of population growth, 
resource supply and demand, and governance. I could 
go on to include the continental conquering aspira-
tions of Genghis Khan and his grandson Kublai Khan, 
both thwarted by mosquitos in their various cam-
paigns to expand the Mongol empire in Europe and 
Southeast Asia, or the initiation of the slave trade and 
later its abolition, or simply why humans build homes 
on hilltops.

There is no doubt that mosquito-borne diseases 
are deadly—they are estimated to have reduced hu-
manity by half over the millennia. And by highlight-
ing the legacy of mosquito-borne disease, Winegard’s 
book contributes to other recent books that consider 

the interplay between humans’ global pursuits and the 
spread of disease, such as the work of Jared Diamond 
in Guns, Germs, and Steel (Norton, 1999) and Charles 
C. Mann in 1491: New Revelations of the Americas 
Before Columbus (Knopf, 2005). Given the current 
COVID-19 pandemic, reading a history book with a 
focus on disease does make you re-evaluate the poten-
tial influence of less obvious, hidden, and simply un-
known factors that underpin history. Thus Winegard’s 
book is timely. In 2020 humans instigated a novel, 
rapid, and widespread disease outbreak that is chang-
ing human history in ways that we can not yet know, 
from small things like learning how to make your own 
bread to big things like the rise of the home office 
with all the social, environmental, and economic im-
pacts of this.

Brent Tegler
Liana Environmental Consulting

Fergus, ON, Canada
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Re-Bisoning the West: Restoring an American Icon to the Landscape
By Kurt Repanshek. 2019. Torrey House Press. 248 pages, 25.50 CAN, 18.95 USD, Paperback.

I have always had an in-
terest in American Bison 
(Bison bison) and feature  
them prominently in two of  
my books, My Yellowstone  
Experience (Eastern Coyote  
Research/White Cottage Pub- 
lishing, 2013) and The Trip 
of a Lifetime (www.eastern 
coyoteresearch.com, forth- 
coming), so it was refresh-
ing to find a person who 
shares my fascination with 
these pre-historic looking, shaggy-furred, woolly 
creatures. Bison have had more influence on man than 
all other Plains animals combined (p. 34), providing 
food, shelter, and warmth for many human cultures 
(pp. 9, 31). In this book, author Kurt Repanshek cap-
tures the past, present, and future of bison in North 
America. The author was well versed to tell this story 
because he is a former Associated Press reporter and 
is currently editor-in-chief of National Parks Traveler, 
the only editorially independent media organization 
that covers national parks and protected areas on a 
daily basis. This scholarly work weaves personal ex-
periences of him visiting areas where bison currently 
live, along with combining science and history, into 
a very readable and detailed product containing 18 
pages of endnotes and a nine-page bibliography.

Bison populations approached an estimated 60 
million individuals historically (p. 56). While a great 
map on the introductory pages shows bison originally 
living across the country all the way to the eastern 
states, and from Canada to Mexico, it clearly is a spe-
cies most closely associated with the Great Plains, a 
topographic tabletop that is 500 miles (805 km) east 
to west and 2000 miles (3200 km) north to south 
(p. 17). In the chapter The Great Slaughter we learn 
how the buffalo, as bison are often called in North 
America, population dipped down to ~100 wild bi-
son before those were captured and brought into cap-
tivity (p. 153). Repanshek then explained in deep 
detail how just a half dozen forward thinking vi-
sionaries, including Teddy Roosevelt, saved the spe-
cies from a “veritable tragedy of the animal world” 
(p. 91). They were kept in six herds, including one in 
New Hampshire (p. 147), and bred (p. 154). Because 
those bison came from diverse bloodlines and herds 
(p. 148), the species has a surprising amount of ge-
netic diversity to this day (p. 129). In addition to these 
herds, a small population of about two dozen survived 
in Yellowstone National Park (pp. 71, 134). It is diffi-

cult to imagine seeing herds of bison so massive that 
they stopped river traffic when crossing streams, and 
even derailed trains that tried to roll through a herd on 
the Plains (p. 58). It is even more remarkable and dif-
ficult to comprehend that in just a couple of decades 
they were nearly exterminated (pp. 62–71) and had 
to be taken out of the wild to be saved. In the 1870s, 
people were shooting them from trains for fun, and 
toward the end of the Great Slaughter in the 1880s, 
they were getting killed in such astounding numbers 
that only their coats (pp. 70–71), or even their tongues 
(a delicacy; p. 62) were kept, with the body left to 
rot. The colossal ignorance and greed by European 
Americans almost resulted in their disappearance.

The lives of Native Americans and bison were in-
tertwined, with different tribes having various names 
for North America’s largest mammal. Many origin 
stories for Plains peoples have to do with buffalo and 
natural features, such as the opening to the cave sys-
tem at Wind Cave National Park (pp. 34–35). Because 
native peoples viewed bison with honour and dignity 
(p. 35), the period between 1846 and 1890 was a cul-
tural catastrophe when bison were slaughtered to near 
extinction (p. 37). As white settlements grew, no-
madic peoples were doomed with the conquerors dic-
tating to the conquered where and how to live (pp. 38, 
61). That economic blow continues today, more than 
a century after the Great Slaughter (p. 39), with many 
of those tribes still living in poverty.

Unfortunately, the racism (p. 60) and prejudice 
(p. 138) that fueled the bison’s downfall is alive and 
well and has slowed bison recovery. Montana’s posi-
tion of not allowing bison to be quarantined or roam 
outside of Yellowstone National Park is perhaps the 
most blockheaded and illogical of all (p. 43). I have 
previously documented the hypocritical stance of ru-
ral states blocking level-headed strategies for allow-
ing bison more room to roam on federal land that all 
taxpayers pay for (Way 2013), so I was glad that the 
author covered this at length, repeatedly touching on 
the political, prejudiced actions taken against Native 
Americans. Agencies use diseases such as brucello-
sis as a scapegoat for not wanting bison to be treated 
as wildlife yet leave other species, most notably Elk, 
alone even though they have a higher frequency of the 
disease (p. 50). This has led to modern day slaughters 
of upward of 1000 bison during particular harsh win-
ters. Repanshek eloquently describes how the bound-
aries of parks don’t take into consideration the mi-
gratory nature of wildlife like bison (p. 120), which 
hamstrings the National Park Service to local politics 
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and political boundaries. Fortunately, the pressure is 
increasing on Montana to compromise for the good of 
the bison (p. 52).

There are currently about a half million bison re-
siding in North America with these animals divided 
into commercial and conservation herds (pp. 13, 129). 
Most commercial herds are raised more or less like 
livestock for meat and hides, although some can live 
relatively similar to animals in more wild settings. For 
example, Ted Turner owns 51 000 head of bison on 
his combined properties (p. 13) and a few of them are 
larger than some of the US’s national parks that con-
tain bison. The second half of Re-Bisoning the West 
focusses on modern-day conservation herds and the 
potential to establish bison in additional areas. These 
are the bison living in national parks like Yellowstone, 
Badlands, Wind Cave, and Grand Teton, as well as in 
state parks, land preserves, national wildlife refuges, 
and, increasingly, on Native American reservations. 
However, without room to roam, conservation herds 
are limited and are often capped at a certain number 
based on how many animals the land can support (p. 
14). Only about 4%, or 20 000 bison, exist as con-
servation herds living at least a semi-wild existence 
within those reserves. The author makes convincing 
arguments to restore the wild, ecological function of 
bison on additional landscapes as it is a keystone ani-
mal influencing the survival of other species (pp.15–
16). Critical to that is to increase existing herds and 
establish populations in new areas (p. 199), with the 
goal of increasing bison numbers to over one million 
(p. 13). We owe it to bison as they “deserve the op-
portunity to regain a more solid footing, to leave some 
wallows on the open plains” (p. 200).

The book concludes with a couple of encourag-
ing chapters detailing how some states like Utah and 
Indian reservations, such as the Wind River, Fort 
Peck, Blackfeet, are establishing conservation herds 
on their lands (pp. 156, 164, 178). Repanshek also de-
scribes how current federal lands, like national grass-
lands, can house bison. Some surround national parks 
(e.g., Buffalo Gap enveloping Badlands) and could be 
used to expand the area that bison are able to roam. 
The managers of American Prairie Reserve in east-
ern Montana have a vision of linking protected land 
to create a 3.5 million-acre (1 416 400 ha) reserve that 
might accommodate up to 10 000 bison. These bison 
are in addition to the 19 herds managed on Interior 

Department lands by the National Park Service, U.S. 
Bureau of Land Management, and United States Fish 
and Wildlife Service (p. 156). The author states that 
bison populations need to be large (ideally over 1000; 
p. 159) and connected to maintain genetic diversity 
and ecological functioning. To succeed, bison need to 
be given room to roam and not be treated like live-
stock (pp. 167–168, 195) as they are the key missing 
element of the Plains ecosystem (p. 171). Repanshek 
argues that because bison are the US’s national mam-
mal, they should be given more respect with a par-
adigm shift away from viewing them as livestock 
(p. 195). To be specific, the author details 13 addi-
tional locations where bison could live, including 
Great Sand Dunes National Park and Agate Fossil 
Beds (p. 173), and notes that Wyoming, the Dakotas, 
Nebraska, Colorado, Kansas, and Oklahoma have 
vast spaces held in public domain that could have bi-
son (p. 175).

I really enjoyed this book and highly recommend 
it for anyone interested in wildlife conservation, wild-
life restoration, the western United States, environ-
mental justice, and the US’s national parks. It is well 
written yet contains repetitive information at times, 
such as discussing population numbers from certain 
places (e.g., pp. 71, 134, 167, 189) and historic events 
like Yellowstone’s enabling legislation (pp. 71, 130). 
But these did not necessarily distract from the read be-
cause when the author discussed the history of bison 
in the first half of the book, he also detailed recovery 
efforts now happening in many of those locations. He 
eventually circled back to those locales in more detail, 
which made the book more engaging even if contain-
ing a non-linear flow. My only legitimate complaint 
was that there was no index. I took 1.5 pages of notes 
and still at times had to search through highlighted 
passages to find information, such as specific places, 
which was often challenging because of information 
that was repeated in multiple sections.
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Books in Brief
As an occasional addition to our Book Review 

section, Books in Brief will offer quick descriptions 
of books received and available (†) for regular, full 
reviews.

†International Wildlife Management: Conservation Challenges in a Changing World. Edited by John L. 
Koprowski and Paul R. Krausman. 2019. Johns Hopkins University Press. 248 pages, 74.95 USD, Cloth or 
E-book.

†The North American Model of Wildlife Conservation. Edited by Shane P. Mahoney and Valerius Geist. 
2019. Johns Hopkins University Press. 184 pages, 74.95 USD, Cloth or E-Book.

†Quantitative Analyses in Wildlife Science. Edited by Leonard A. Brennan, Andrew N. Tri, and Bruce G. 
Marcot. 2019. Johns Hopkins University Press. 344 pages, 74.95 USD, Cloth or E-book.

†Renewable Energy and Wildlife Conservation. Edited by Christopher E. Moorman, Steven M. Grodsky, 
and Susan P. Rupp. 2019. Johns Hopkins University Press. 280 pages, 74.95 USD, Cloth or E-book.

Each of these volumes was published late in 2019 
by Johns Hopkins University Press (JHUP) in part-
nership with The Wildlife Society (TWS), a relation-
ship that dates back to at least 2013. JHUP’s origins 
date back to 1878 while TWS, now an international 
non-profit, was formed in 1937. A major partner of 
the TWS is the United States (US) Department of the 
Interior’s Bureau of Land Management, founded in 
1946, with a Wildlife Division opening in 1965 after 
almost a decade of hiring wildlife biologists (https://
wildlife.org/blm/). Thus, the roots of these partner-
ing organizations are very deep, a fact reflected in the 
extensive publication and other programs of TWS. 
The Journal of Wildlife Management (since 1937), 
Wildlife Monographs (since 1958), and the online-
only Wildlife Society Bulletin are peer-reviewed, while 
The Wildlife Professional is a members’ magazine. 
In addition, TWS launched the Conservation Affairs 
Network—with its own newsletter—in 2014 and has 
membership in 11 major coalitions comprised of many 
organizations engaged in wildlife issues. If all this is 
not enough, 27 Working Groups are available to TWS 
members involved in many aspects of wildlife conser-
vation and management in the US and elsewhere.

Essentially, the history of the TWS mirrors the 
history of the development of wildlife conservation 
and management as both intellectual disciplines and 
policy practices. The contributors to these volumes 
reflect this background and, while many live and 
work in the US, people in other countries have pro-
vided chapters, especially in the volume on interna-
tional wildlife management. Two Canadians are co-
editors of The North American Model of Wildlife 
Conservation: Valerius Geist, a Professor, now emer-
itus, of Environmental Sciences at the University 
of Calgary since 1977, and Shane Mahoney, presi-
dent and CEO of Conservation Visions Inc., based in 
Newfoundland, and director of the High Lonesome 
Institute in Colorado. In 2001, at a session of the 
66th North American Wildlife and Natural Resources 
Conference, they (along with John F. Organ, then of 
the US Fish and Wildlife Service) presented a paper 

in which they “define[d] the key components of the 
model and discuss the role hunters and hunting had 
in constructing these components” (Geist et al. 2001: 
176). Not surprisingly, hunting remains a subject for 
analysis and these three authors are involved in seven 
of the 13 articles in this volume.

The four volumes are all in the Wildlife Manage
ment and Conservation series, with Paul R. Krausman 
as senior editor, although no further information on 
the series is offered. Formats are similar and briskly 
efficient, with front matter kept to a minimum; 
all have Contents and Contributors, several add 
Acknowledgements, a Foreword and/or a Preface. 
The books then launch immediately into their 11–17 
articles. Two of the volumes, The North American 
Model of Wildlife Conservation and International 
Wildlife Management, present their articles one af-
ter the other; in Renewable Energy and Wildlife 
Conservation and Quantitative Analyses in Wildlife 
Science they are organized in themed sections. Article 
presentation styles vary, but generally have inter-
nal divisions, sometimes a short abstract (The North 
American Model of Wildlife Conservation), usually 
an introduction, conclusion—or summary or discus-
sion—followed by Literature Cited sections or Notes, 
in the case of The North American Model. Either way, 
these extensive citations could almost be called select 
bibliographies. Volumes are indexed and prices listed 
above are for non-members; TWS members receive 
price discounts of about 30%.

Too many topics are covered to mention here, but 
they reflect the concerns, thinking, and experience, of 
their authors, all of whom are experts in their topics, 
a generalization based on the wide range of universi-
ties, various levels of government, and conservation 
and other organizations to which contributors belong. 
The stated purposes and goals of each volume provide 
indications of their contents:

We wanted to compile a volume that ad-
dressed the major challenges that we share in 
wildlife conservation around the world, writ-
ten by a diverse group of international scien-
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tists with similar aspirations. Furthermore, we  
wanted to provide advice on how to get in-
volved in international wildlife management  
early in a career. (International Wildlife Man
agement, Preface)

Its purpose is to present readers with the 
widest and most detailed coverage to date 
of the North American Model. The book’s 
broader purpose, however, is to elicit thought-
ful debate, not only about the Model … but 
also about wildlife’s future in Canada and the 
United States. (The North American Model of 
Wildlife Conservation, Introduction, p. 7)

Our goal was to produce a volume that 
can give graduate students and other wildlife 
researchers an entree into some of the more 
widely used approaches to data analysis to-
day … At the outset, we encouraged chapter  
authors to inject philosophical perspectives 
along with their technical expertise and guid-
ance. (Quantitative Analyses in Wildlife Sci
ence, Preface)

Our goal … was to synthesize the extensive 
and rapidly growing base of scientific literature 

on renewable energy and wildlife into a single, 
comprehensive resource for wildlife ecologists, 
university students, policy makers, industry 
representatives, and environmental nongovern
mental organizations. (Renewable Energy and 
Wildlife Conservation, Introduction, p. 8)
My brief overview of these books suggests that 

they present the science in balanced ways: raising 
questions, discussing issues without polemics, and 
attempting to reconcile, or at least address, the myr-
iad complexities inherent in these fields. Although 
these books are aimed at professionals, interested 
laypersons would find much to digest in many of the 
articles.
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New Titles
Prepared by Barry Cottam
Please note: Only books marked † or * have been received from publishers. All other titles are listed as 
books of potential interest to subscribers. Please send notice of new books—or copies for review—to the Book 
Review Editor.
†Available for review  *Assigned
Currency Codes: CAD Canadian Dollars, AUD Australian Dollars, USD United States Dollars, EUR Euros, 
GBP British Pounds.

Biology
Biology in Transition: The Life and Lectures of 
Arthur Milnes Marshall. Curated and Annotated by 
Martin Luck. 2020. Pelagic Publishing. 400 pages, 
94.64 CAD, Cloth.

The Biology of Agroecosystems. Biology of Habitats 
Series. By Nicola Randall and Barbara Smith. 2020. 
Oxford University Press. 208 pages, 95.00 CAD, 
Cloth, 45.95 CAD, Paper. Also available as an E-book.

In the Hearts of the Beasts: How American Be­
havioral Scientists Rediscovered the Emotions of 
Animals. By Anne C. Rose. 2020. Oxford University 
Press. 240 pages, 55.00 CAD, Cloth. Also available 
as an E-book.

The Next Great Migration: The Beauty and Ter­
ror of Life on the Move. By Sonia Shah. 2020. 
Bloomsbury Publishing. 400 pages, 28.00 USD, 
Cloth, 19.60 USD, E-book.

Urban Deer Havens. By Clark E. Adams and 
Cassandra LaFleur Villarreal. 2020. CRC Press. 164 
pages, 47.96 USD, Paper.

Urban Evolutionary Biology. By Marta Szulkin, 
Jason Munshi-South, and Anne Charmantier. 2020. 
Oxford University Press. 352 pages, 49.95 USD, 
Paper.

Botany
A History of Plants in 50 Fossils. By Paul Kenrick. 
2020. CSIRO Publishing. 160 pages, 34.99 AUD, 
Cloth.

Aquatic Monocotyledons of North America: Eco­
logy, Life History, and Systematics. By Donald 
H. Les. 2020. CRC Press. 556 pages, 260.00 USD, 
Cloth, 57.95 USD, E-book.

Comparative Plant Succession among Terrestrial 
Biomes of the World. By Karel Prach and Lawrence 
R. Walker. 2020. Cambridge University Press. 300 
pages, 102.95 CAD, Cloth, 51.95 CAD, Paper.

Entangled Life: How Fungi Make Our Worlds, 

Change Our Minds & Shape Our Futures. By 
Merlin Sheldrake. 2020. Penguin Random House. 
368 pages, 28.00 USD, Cloth, 13.99 USD, E-book.

Flore Nordique du Québec et du Labrador, Tome 
3. Edited by Serge Payette. 2018. Les Presses de 
l’Université Laval. 711 pages, 89.95 CAD, Paper or 
PDF.

Tree Story: The History of the World Written in 
Rings. By Valerie Trouet. 2020. Johns Hopkins Uni
versity Press. 246 pages, 27.00 USD, Cloth. Also 
available as an E-book.

Climate Change
Dangerous Earth: What We Wish We Knew About 
Volcanoes, Hurricanes, Climate Change, Earth­
quakes, and More. By Ellen Prager. 2020. Univer
sity of Chicago Press. 272 pages, 25.00 USD, Cloth, 
18.00 USD, E-book.

Ecology and Conservation
Canadian Environmental Philosophy. Edited by 
C. Tyler DesRoches, Frank Jankunis, and Byron 
Williston. 2019. McGill-Queen’s University Press. 
352 pages, 32.95 CAD, Paper. Also available as an 
E-book.

And the Coastlands Wait: How the Grassroots 
Battle to Save Georgia’s Marshlands Was Fought—
and Won. A Wormsloe Foundation Nature Book. 
By Reid W. Harris. Foreword by Jimmy Carter. 
New Afterword by Charles H. McMillan III. 2020. 
University of Georgia Press. 136 pages, 24.95 USD, 
Paper.

Curious about Nature: A Passion for Fieldwork. 
Ecology, Biodiversity and Conservation Series. Edited 
by Tim Burt and Des Thompson. 2020. Cambridge 
University Press. 412 pages, 102.95 CAD, Cloth, 
45.95 CAD, Paper. Also available as an E-book.

Global Biodiversity, Volume 4: Selected Countries 
in the Americas and Australia. Global Biodiversity 
Series. Edited by Thammineni Pullaiah. 2019. Apple 
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Academic Press. 574 pages, 169.95 USD, Cloth, 
52.16 USD, E-book.

Handbook of Citizen Science in Ecology and 
Conservation. Edited by Christopher A. Lepczyk, 
Owen D. Boyle, and Timothy L.V. Vargo. Foreword 
by Reed F. Noss. 2020. University of California Press, 
336 pages, 85.00 USD, Cloth, 39.95 USD, Paper or 
E-book.

Leaving Space for Nature: The Critical Role of 
Area-Based Conservation. Routledge Studies in 
Conservation and the Environment. By Nigel Dudley 
and Sue Stolton. 2020. Routledge. 194 pages, 155.00 
USD, Cloth, 44.95, Paper, 40.46 USD, E-book.

Peatlands: Ecology, Conservation and Heritage. 
Earthscan Studies in Natural Resource 
Management. By Ian D. Rotherham. 2020. 
Routledge. 208 pages, 155.00 USD, Cloth, 44.95, 
Paper, 40.46 USD, E-book.

Primer of Ecological Restoration. By Karen D. 
Holl. 2020. Island Press. 224 pages, 35.00 USD, 
Paper or E-book.

Entomology
Aleocharine Rove Beetles of British Columbia: 
A Hotspot of Canadian Biodiversity (Coleoptera, 
Staphilinidae). By Jan Klimaszewski, Richard 
Hoebeke, Benoit Godin, Anthony Davies, Kayla I. 
Perry, Caroline Bourdon, and Neville Winchester. 
2020. Springer. 500 pages, 249.99 CAD, Cloth, 
189.00 CAD, E-book.

Butterfly Gardening: The North American 
Butterfly Association Guide. By Jane Hurwitz. 
2018. Princeton University Press. 288 pages and 300 
colour illustrations, 29.95 USD, Paper.

Charles Valentine Riley: Founder of Modern 
Entomology. By W. Conner Sorensen, Edward H. 
Smith, and Janet R. Smith, with Donald C. Weber. 
2019. University of Alabama Press. 456 pages, 54.95 
USD, Cloth or E-book.

Emperors, Admirals & Chimney Sweepers: The 
Weird and Wonderful Names of Butterflies and 
Moths. By Peter Marren. 2020. Little Toller Books. 
282 pages, 20.00 GBP, Paper.

How Insects Work: An Illustrated Guide to the 
Wonders of Form and Function—from Antennae 
to Wings. By Marianne Taylor. 2020. Workman 
Publishing. 224 pages, 16.95 USD, Paper, 15.95 
USD, E-book.

The Moths of America North of Mexico, Fascicle 
25.4: Noctuoidea: Noctuidae (Part): Pantheinae, 

Raphiinae, Balsinae, Acronictinae. By B. Christian 
Schmidt and Gary G. Anweiler. 2020. The Wedge 
Entomological Research Foundation. 479 pages, 
115.00 USD, Cloth.

Praying Mantises of the United States and Canada. 
Second Edition. By Kris Anderson. 2019. Privately 
published. 297 pages and 183 illustrations. 91.01 
CAD from Amazon.ca.

Herpetology
Islands and Snakes: Isolation and Adaptive 
Evolution. Edited by Harvey B. Lillywhite and 
Marcio Martins. 2019. Oxford University Press. 
343 pages, 120.00 CAD, Cloth. Also available as an 
E-book.

Ornithology
The Bird Way: A New Look at How Birds Talk, 
Work, Play, Parent, and Think. By Jennifer 
Ackerman. 2020. Penguin Press. 368 pages, 28.00 
USD, Cloth.

Birds of Paradise and Bowerbirds: An 
Identification Guide. By Phil Gregory. Illustrated by 
Richard Allen. 2020. Princeton University Press. 416 
pages, 45.95 USD, Cloth.

Hand-Rearing Birds. Second Edition. Edited by 
Rebecca S. Duerr and Laurie J. Gage. 2020. Wiley-
Blackwell. 816 pages, 167.99 CAD, Cloth, 134.99 
CAD, E-book.

How Birds Work: An Illustrated Guide to the 
Wonders of Form and Function—from Bones 
to Beak. By Marianne Taylor. 2020. Workman 
Publishing. 224 pages, 16.95 USD, Paper, 15.95 
USD, E-book.

Zoology
After the Grizzly: Endangered Species and the 
Politics of Place in California. By Peter S. Alagona. 
2020. University of California Press. 336 pages, 34.95 
USD, Cloth or E-book, 27.95 USD, Paper.

Bat Roosts in Trees: A Guide to Identification 
and Assessment for Tree-Care and Ecology 
Professionals. By Bat Tree Habitat Key. 2018. 
Pelagic Publishing. 271 pages, 67.97 CAD, Paper.

The Book of Eels: Our Enduring Fascination with 
the Most Mysterious Creature in the Natural World. 
By Patrik Svensson. Translated from the Swedish by 
Agnes Broome. 2020. Ecco (HarperCollins imprint). 
256 pages, 35.99 CAD, Cloth.

https://www.amazon.ca/
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Red Gold: The Managed Extinction of the Giant 
Bluefin Tuna. By Jennifer E. Telesca. 2020. Uni
versity of Minnesota Press. 312 pages, 224.95 USD, 
Paper.

Return to the Sea: The Life and Evolutionary 
Times of Marine Mammals. By Annalisa Berta. 
Illustrated by James L. Sumich and Carl Buell. 2020. 
University of California Press. 224 pages, 24.95 USD, 
Paper. First published in Cloth or E-book in 2012.

Rock Pool: Extraordinary Encounters Between 
the Tides. By Heather Buttivant. 2020. September 
Publishing. 288 pages, 9.99 GBP, Paper. Also avail-
able as an E-book.

Salmon: A Fish, the Earth, and the History of 
Their Common Fate. By Mark Kurlansky. 2020. 
Patagonia. 440 pages and 150 colour photos and illus-
trations, 30.00 USD, Cloth.

Still Water: The Deep Life of the Pond. By John 
Lewis-Stempel. 2019 (Cloth), 2020 (Paper). Black 
Swan. 304 pages, 14.99 GBP, Cloth, 9.99 GBP, Paper. 
Also available as an E-book.

The Wisdom of Wolves: How Wolves Can Teach 
Us to Be More Human. By Elli H. Radinger. 2019. 
Penguin Books. 256 pages, 9.99 GBP, Paper. Also 
available as an E-book.

The North

Brave New Arctic: The Untold Story of the Melt­
ing North. By Mark C. Serreze. 2020. Princeton 
University Press. 272 pages, 17.95 USD, Paper. Also 
available as an E-book.

Land of Wondrous Cold: The Race to Discover 
Antarctica and Unlock the Secrets of Its Ice. By 
Gillen D’Arcy Wood. 2020. Princeton University 
Press. 312 pages, 27.95 USD, Cloth. Also available 
as an E-book.

Other
The Field Guide to Citizen Science: How You Can 
Contribute to Scientific Research and Make a 

Difference. By Darlene Cavalier, Catherine Hoffman, 
and Caren Cooper. 2020. Workman Publishing. 188 
pages, 16.95 USD, Paper, 15.95 USD, E-book.

Greenery: Journeys in Springtime. By Tim Dee. 
2020. Jonathan Cape. 368 pages, 18.99 GBP, Cloth 
or E-book.

Into Russian Nature: Tourism, Environmental 
Protection, and National Parks in the Twentieth 
Century. By Alan D. Roe. 2020. Oxford University 
Press. 360 pages, 39.95 CAD, Cloth. Also available 
as an E-book.

Natural: How Faith in Nature’s Goodness Leads to 
Harmful Fads, Unjust Laws, and Flawed Science. 
By Alan Levinovitz. 2020. Beacon Press. 264 pages, 
28.95 USD, Cloth.

A Naturalist in the Amazon: The Journals & 
Writings of Henry Walter Bates. By Henry Walter 
Bates. 2020. Smithsonian Books. 160 pages, 23.95 
USD, Cloth.

Nature’s Prophet: Alfred Russel Wallace and His 
Evolution from Natural Selection to Natural The­
ology. By Michael A. Flannery. 2018. University 
of Alabama Press. 280 pages, 44.95 USD, Cloth or 
E-book.

Replenish: The Virtuous Cycle of Water and Pros­
perity. By Sandra Postel. 2020. Island Press. 336 
pages, 26.00 USD, Paper. Cloth and E-book editions 
published in 2017.

Scientific Writing = Thinking in Words. Second 
Edition. By David Lindsay. 2020. CSIRO Publishing. 
180 pages, 34.99 AUD, Paper.

Unnatural Companions: Rethinking Our Love 
of Pets in an Age of Wildlife Extinction. By Peter 
Christie. 2020. Island Press. 280 pages, 28.00 USD, 
Paper or E-book.

The Well Gardened Mind: Rediscovering Nature 
in the Modern World. By Sue Stuart-Smith. 2020. 
William Collins (Harper Collins imprint). 352 pages, 
20.00 GBP, Cloth, 7.99 GBP, E-book.



Upcoming Meetings and Workshops
Ecological Society of America Annual Meeting
Ecological Society of America Annual Meeting to 
be held as an online meeting, 3–6 August 2020. The 
theme of the conference is: ‘Harnessing the ecolog-

ical data revolution’. Registration is currently open. 
More information is available at https://www.esa.org/
saltlake/.

18th Annual Symposium on the Conservation and Biology of Tortoises and Freshwater 
Turtles
The 18th Annual Symposium on the Conservation and 
Biology of Tortoises and Freshwater Turtles, hosted by 
the Turtle Survival Alliance (TSA) and IUCN Tortoise 
and Freshwater Turtle Specialist Group (TFTSG), to 
be held as a “virtual experience” 6 August–24 Sep

tember 2020. The TSA and IUCN TFTSG, in collab-
oration with Zoo Med Laboratories, are making this 
event free of charge. More information is available at 
https://turtlesurvival.org/2020-symposium/.

The Wildlife Society’s 2020 Annual Conference
The Wildlife Society’s 2020 Annual Conference to be 
held as an online meeting, 28 September–2 October 

2020. Registration is currently open. More informa-
tion is available at https://twsconference.org/.
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James Fletcher Award for The Canadian Field-Naturalist Volume 133
The James Fletcher Award is awarded to the au-

thors of the “best” paper published in a volume of 
The Canadian Field-Naturalist (CFN). The award is 
in its fourth year. The award honours James Fletcher, 
founder of the Ottawa Field-Naturalists’ Club (OFNC)  
and the first editor of CFN’s earliest iteration, 
Transactions of the Ottawa Field-Naturalists’ Club. A 
subcommittee of the OFNC Publications Committee 
sifted through all papers in Volume 133 of CFN, and 
came up with a list of the top five papers. From these 
top five, the committee selected the top paper. The 
award for Volume 133 of CFN goes to:
Andrew Campomizzi, Zoé Lebrun-Southcott, and 
Kristyn Richardson. Conspecific cues encourage 
Barn Swallow (Hirundo rustica erythrogaster) pros-
pecting, but not nesting, at new nesting structures. 
Canadian Field-Naturalist 133(3): 235–245. https://doi. 
org/10.22621/cfn.v133i3.2233 

–	 The Barn Swallow population has declined sub-
stantially in Canada since 1970 and the species 
is listed at Threatened by the Government of 
Canada. One possible cause of the decline is loss 
of nesting habitat. This study, conducted by re-
searchers with Bird Ecology and Conservation 
Ontario and Bird Studies Canada, tests whether 
adding artificial conspecific cues (vocaliza-
tions and decoys) could increase uptake of arti-
ficial nesting structures by Barn Swallows. Barn 
Swallows were more likely to investigate nest-
ing structures if conspecific cues were present, 
but these cues did not seem to encourage nest-
ing. This study tested a simple, clear hypothesis 
with real-world conservation implications. 

Congratulations to Andrew Campomizzi and co-
authors for their excellent paper.
Honourable mentions
Annegret Nicolai, Robert Forsyth, Melissa Gran­
tham, and Cary Hamel. Tall grass prairie ecosystem 
management—a gastropod perspective. Canadian 
Field-Naturalist 133(4): 313–324. https://doi.org/10. 
22621/cfn.v133i4.2217

–	 This paper provides results from the first thor-
ough gastropod survey within the tall grass prai-
rie ecosystem in Manitoba, with a focus on dif-
ferent habitat types and management practices 
used and how these affected species occurrence. 

Five gastropod species were newly recorded 
from Manitoba.

Rosemary Curley, David Keenlyside, Helen Krist­
manson, and Randall Dibblee. A review of the his-
torical and current status of American Beaver (Castor 
canadensis) on Prince Edward Island, Canada. Can
adian Field-Naturalist 133(4): 332–342. https://doi.
org/10.22621/cfn.v133i4.2145 

–	 The status of beaver on Prince Edward Island 
(PEI) has been uncertain. This paper uses post-
glacial and archaeological records to show 
that beaver were present on PEI long before 
European contact, demonstrating that beavers 
were native to the island.

David Seburn and Hannah McCurdy-Adams. Do 
turtle warning signs reduce roadkill? Canadian Field-
Naturalist 133(3): 216–220. https://doi.org/10.22621/
cfn.v133i3.2279 

–	 Roadkill is a major risk for many species of 
freshwater turtles. In this paper, the authors test 
the effectiveness of turtle road-crossing signs at 
reducing roadkill in turtles using a before-af-
ter control-impact design. The authors found no 
evidence of a reduction in mortality when signs 
were present, suggesting that this method alone 
may not be sufficient to reduce road mortality 
for turtles. 

Sean Boyle, Rachel Dillon, Jacqueline Litzgus, 
and David Lesbarrères. Desiccation of herpeto-
fauna on roadway exclusion fencing. Canadian Field- 
Naturalist 133(1): 43–48. https://doi.org/10.22621/cfn. 
v133i1.2076 

–	 Road mortality is well documented as a major 
risk to herpetofauna. This paper shows that wild
life exclusion fencing, a common road mor
tality mitigation tool, might increase mortality 
for amphibians and reptiles. The results have 
important management and conservation impli-
cations.

Congratulations to these finalists. We would also 
like to show our appreciation to all authors who chose 
to share their interesting and valuable field-based 
studies with the readers of Volume 133 of The Cana
dian Field-Naturalist. 

William D. Halliday and Jeffery M. Saarela
OFNC Publications Committee
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Draft Minutes of the 141st Annual Business Meeting (ABM) of the 
Ottawa Field-Naturalists’ Club, 14 January 2020
Place and time:	 K.W. Neatby Building, Carling Avenue, Ottawa, Ontario, 7:00 pm
Chairperson: 	 Diane Lepage, President

Forty-six attendees spent the first half-hour reviewing minutes of the previous ABM, the financial statements, 
Treasurer’s Report, and annual reports of OFNC committees for 2018–2019. The meeting was called to order 
at 7:30 pm. During the meeting, relevant documents were projected on a screen for the audience’s information.

1. Minutes of the Previous Annual Business 
Meeting (ABM)
It was moved by Elizabeth Moore, seconded by 

David McNicoll, that the minutes of the 140th ABM 
be accepted as distributed and published in The 
Canadian Field-Naturalist (CFN).

Carried

2. 	Business Arising from the Minutes
Nil.

3. Communications Relating to the Annual 
Business Meeting
Diane Lepage noted that the Club had received 

a Christmas card from her Excellency the Right 
Honourable Julie Payette, Governor General of Canada.

4. Treasurer’s Report by Ann Mackenzie
Ann MacKenzie, Treasurer, presented the Finan

cial Statements for 30 September 2019 as prepared 
and reviewed by the accounting firm, Welch LLP. 
Copies of the complete statement as well as the writ-
ten Treasurer’s Report were available as hand-outs to 
those attending the meeting.

In the presentation Ann reviewed the basis for the 
substantial difference in the deficit from the previous 
year, 2018, to the current statements for 2019. These 
included the Club having given fewer donations to 
outside organizations, increased subscription fees 
for CFN, lower website costs, and a surplus from the 
Pelee trip. Ann then reviewed the sources of income 
and expenses for the year. A chart comparing with the 
previous year showed little change with the income 
from membership, donations, and interest available 
for general club activities. Some activities like CFN 
and Fletcher Wildlife Garden generate some income 
to offset their expenses. Overall the Club remains in a 
solid financial situation.

It was moved by Ann MacKenzie, seconded by 
Ken Young, that the Financial Statements be accepted 
as a fair representation of the financial position of the 
Club as of 30 September 2019.

Carried

5.	 Nomination of the Accounting Firm
It was moved by Ann MacKenzie, seconded by 

Ken Young, that the accounting firm of Welch LLP 
be contracted to conduct a review of the OFNC’s ac-
counts for the fiscal year ending 30 September 2020.

Carried

6. Committee Annual Reports
It was moved by Elizabeth Moore, seconded by 

Ian Whyte, that the committee reports be accepted 
as distributed.

Carried

7. Highlights from 2019
a) Education and Publicity (Gordon Robertson)

Gord presented several initiatives being imple-
mented by the committee:

i) Storyboards have been erected at the Fletcher 
Wildlife Garden (FWG) with bilingual de-
scriptions of examples of the flora and fauna 
of the garden. These are changed with the sea-
sons.

ii) Check-box brochures have been developed for 
groups touring the FWG and are being created 
for other trails in the area.

iii) Species trail maps, e.g., for trees, are also be-
ing developed for trails in the area.

Gord expressed interest in any technology that 
could be used to create cellphone based species maps 
for local areas. He also noted that the committee 
needs new members.

b) SafeWings Ottawa (Anouk Hoedeman)
Anouk noted that SafeWings is becoming bus-
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ier each year and is taking in an increasing num-
ber of birds for rehabilitation. Of particular note is 
the upcoming launch of the Ottawa Bird Strategy, a 
joint project with the Ottawa Valley Wild Bird Care 
Centre, Bird Studies Canada, Nature Canada, and the 
National Capital Commission. The project addresses 
the hazards birds experience and potential ameliorat-
ing strategies. It will be launched with the annual bird 
display to be held this year at the Museum of Nature 
on 26 March.

c) Publications (Annie Belair)
Annie was delighted to advise that all issues of 

Trail & Landscape are now archived online on the 
Biodiversity Heritage Library (BHL) website. This 
archive can be accessed through the OFNC website. 
Five issues of CFN were published in 2019, includ-
ing the second part of the special issue titled “Studies 
on Canadian Amphibians and Reptiles in Honour of 
Dr. Francis Cook”. The new CFN layout artist has up-
dated the appearance of the publication. Annie noted 
that several papers published this year received me-
dia coverage. A new volunteer Book Review Editor 
is required.

8. Nominations for Board of Directors 
Positions
Fenja Brodo presented the slate of candidates 

nominated to the Board of Directors for 2020:
Executive Committee

Diane Lepage 	 President
Jakob Mueller 	 1st Vice President and
	 Chair, Events Committee
Owen Clarkin 	 2nd Vice President and
	 Chair, Conservation
	 Committee
Elizabeth Moore 	 Recording Secretary
Ann MacKenzie	 Treasurer 	

Directors
Fenja Brodo 	 Past President
Robert Cermak 	 Chair, Birds Committee
Edward Farnworth 	 Representative, Fletcher
	 Wildlife Committee
Catherine Hessian* 	 Member-at-Large
Anouk Hoedeman 	 Chair, Safe Wings Ottawa
Diane Holmes 	 Member-at-Large
Diane Kitching 	 Representative, Macoun
	 Field Club
Bev McBride 	 Member-at-Large
Gordon Robertson 	 Chair, Education and
	 Publicity

Jeff Saarela 	 Chair, Publications –
	 Board Representative
	 Annie Bélair
Henry Steger	 Chair, Membership
Ken Young 	 Chair, Finance
Eleanor Zurbrigg 	 Chair, Awards

Ex officio
Annie Bélair, Editor of Trail & Landscape
Dwayne Lepitzki, Editor of The Canadian Field-

Naturalist
It was moved by Fenja Brodo and seconded by 

Ann MacKenzie that this slate of nominees be ac-
cepted as members of the Board of Directors of the 
OFNC for 2020.

Carried

Fenja was pleased to note that all last year’s Board 
Members are returning and that Owen Clarkin, 
Conservation Chair, has also accepted the long va-
cant position of 2nd Vice-President. Fenja warmly 
welcomed Diane Holmes as a Member-at-Large, not-
ing that her experience in municipal politics will be a 
valuable asset to the Club.

9. New Business and General Discussion
a) Colacem L’Orignal Cement Plant

Gord Robertson drew the attention of the meeting 
to the approval by the Ontario Municipal Board of the 
construction of a cement plant by Colacem Canada 
Inc. in L’Orignal, Ontario.

The Vankleek Hill and District Nature Society 
(VKHDNS) had requested OFNC assistance in at-
tempting to overturn approval of the plant which 
will be situated close to the Ottawa River adjacent 
to a number of areas of ecological interest, including 
Alfred Bog. Colacem submits that the emissions from 
the proposed 125 m tall kiln will be within Ontario 
standards. Daniel Cloutier of the VKHDNS had pre-
sented data to the OFNC suggesting that the emis-
sions are significantly underestimated. Furthermore, 
as there is no rail or water access, all materials will 
be delivered to and from the plant by heavy trucks. 
VKHDNS had requested financial support to pay an 
expert to validate the data gathered by the Society 
and also asked that OFNC consider becoming a par-
ticipant in the appeal process.
b) Burnt Land’s Alvar

Diane Lepage reported that the Mississippi Valley 
Field Naturalists’ Club (MVFNC) had sought OFNC 
assistance in promoting protection of the Alvar which *Catherine Hessian manages the OFNC’s investments.
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is under increasing threat from development and rec-
reational use. The MVFNC is keen to develop a web-
site to promote understanding of the importance of 
the Alvar.

10. Adjournment
It was moved by Elizabeth Moore, seconded by 

Eleanor Zurbrigg, that the meeting be adjourned.
Carried

Presentation: After the meeting was adjourned, 
Jakob Mueller gave a short presentation entitled 
“Hiding in Plain Sight: Some Conservation Dis
coveries in Eastern Ontario”. Jakob described how, 
despite the dearth of reports of reptiles and amphib-
ians east of Highway 416 on species maps, OFNC 
members had readily found examples in this area.

Elizabeth Moore
Recording Secretary
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Annual Reports of OFNC Committees for October 2018–
September 2019
Awards Committee

The Awards Committee manages the process to 
annually recognize those Ottawa Field-Naturalists’ 
Club (OFNC) members and other qualified persons 
who, by virtue of their efforts and talents, are de-
serving of special recognition. In late 2018, nomina-
tions were received and evaluated (see awards crite-
ria at http://ofnc.ca/about-ofnc/awards), resulting in 
nominees for four awards being recommended to the 
Board of Directors for approval. Biographies were 
written for each award recipient for inclusion in the 
Club’s publications and posting on the website. The 
awards were presented at the annual Awards Night in 
April 2019. The recipients’ names, type of award, and 
rationale for recognition follow below.

•	 Gregory Zbitnew—Member of the Year Award 
for writing an informative four-part series for 
Trail & Landscape as a tool for birders.

•	 Henry Steger—George McGee Service Award 
for managing the Club’s membership pro-
gram and long-time service with the Fletcher 
Wildlife Garden.

•	 Anouk Hoedeman—Conservation Award for a 
Member for establishing and expanding Safe 
Wings Ottawa including bird rescue and short-
term care.

•	 Bill McMullen—Mary Stuart Education Award 
for connecting students with nature especially 
through photography.

President Diane Lepage selected Ann MacKenzie 
as the recipient of the 2018 President’s Prize to recog-
nize her efforts in guiding the Club toward financial 
sustainability, professionalism, and accountability.

The Awards Committee thanks Mark Brenchley 
for helping with awards certificate design and printing.

Eleanor Zurbrigg, Chair

Birds Committee
Birds Committee (11 members, one ex officio), 

Bird Records Subcommittee (11 members), and Bird 
Feeders Subcommittee (one member who coordinates 
and fills in when needed and five volunteers) coordi-
nated OFNC bird related activities and directed and 
encouraged interest in birds within and outside the 
OFNC area.

A committee member administered the Ottawa 
Field‐Naturalists’ Club’s Facebook group (2142 mem-
bers in November 2019) which is a place for OFNC 
members and non-members to discuss ideas and ex-
change information relating to all aspects of natu-
ral history, club outings, and club initiatives, as well 

as for prospective members to get a feel for what the 
OFNC is about.

A committee member provided weekly provincial 
(Ontbirds) reports of OFNC area (Ottawa-Gatineau) 
bird sightings which with photos by local photogra-
phers was also provided on OFNC Facebook and the 
OFNC website.

Committee members provided articles on a vari-
ety of subjects in Trail & Landscape, led OFNC field 
trips, found volunteers to lead the 2019 Point Pelee 
Bus Excursion, participated in the OFNC Website 
Working Group and improved Birds content on the 
website, and responded to bird related enquires from 
members and the public. The Bird Studies Group or-
ganized talks and workshops on topics of interest to 
birders such as the Chirps, Tweets & Trills workshops 
which were attended by about 75 people. We coordi-
nated updates to Department of National Defense’s 
Shirley’s Bay causeway access list which currently 
contains about 400 OFNC members.

Committee members conducted surveys of ground  
nesting species at risk, Eastern Whip-poor-will 
(Threatened) and Common Nighthawk (Special Con
cern), on Torbolton Ridge land (404 ha along Thomas 
A. Dolan Parkway) owned by the City of Ottawa in 
support of the Friends of the Carp Hills. Their Carp 
Barrens Trail Study is assessing the sensitivity of im-
pact of mountain bike trail construction and use that 
is sensitive to the preservation of the special ecology 
of the Carp Hills.

OFNC Birds Committee and the Club des Orni
thologues de L’Outaouais (COO) organized the 100th 
Ottawa-Gatineau Christmas Bird Count in December 
2018 with 145 field observers in 73 parties plus 33 
feeder watchers finding 75 bird species and 26 056 in-
dividual birds.

Birds Committee organized and participated in the  
2019 Seedathon “Big Day” birding event which was 
held in early fall to raise funds for the purchase of 
seeds for the OFNC bird feeders. 129 bird species 
were found and about $900 was donated.

Bob Cermak, Chair

Conservation Committee
As in years past, the committee was busy with two 

main types of conservation work:
•	 responses to conservation issues which ap-

peared during the year; and
•	 active fieldwork, with an aim to fill gaps of 

knowledge regarding species and habitats of 
eastern Ontario and southern Quebec.

http://ofnc.ca/about-ofnc/awards
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Our responses to issues ranged from the conserva-
tion of particular species such as cormorants and re-
lated possible changes to hunting regulations, to pro-
posed changes of the Endangered Species Act itself. 
For 2020, we intend to more closely monitor conser-
vation issues such as proposed changes to legislation, 
to enable responses with more lead time and flexibil-
ity as topics arise.

This was a productive year for fieldwork, and the 
following are some highlights. We made a conscious 
effort to check apparently suitable habitat for reptile 
and amphibian species in areas of eastern Ontario 
for which reports were lacking, and found that “just 
showing up and looking” resulted in a number of sig-
nificant discoveries, at least “officially”. For example:

•	 Orleans Ravines: first Wood Frog since 1983, 
first record for Spotted Salamander, and con-
firmed presence of Blue-spotted Salamander, 
Eastern Red-backed Salamander, American 
Toad, Gray Treefrog, and Spring Peeper;

•	 Warwick Forest Conservation Area: first re-
cords for Eastern Garter Snake and Midland 
Painted Turtle; and

•	 Summerstown Forest: first records of Eastern 
Red-backed Salamander, Eastern Garter Snake, 
and confirmed presence of Blue-spotted Sala
mander.

Similar significant discoveries occurred during 
field trips to sites such as Green’s Creek, Garry Fen, 
Carlington Park, and the Carp Hills.

Special thanks to committee member Jakob 
Mueller for leading our herpetological survey effort 
this year, and for being the driving force behind its 
success. For 2020 we intend to build on this work 
with another focussed campaign, and search for new 
species such as Mudpuppies.

We searched for, and came up empty-handed, 
looking for the S1-ranked shrub Rhodora this spring 
but will look again in 2020 with more organization 
and anticipated success.

We discovered that the Red Spruce belt of eastern 
Ontario is even larger than surveys in previous years 
had indicated, with apparently suitable habitat found 
throughout Cumberland Forest, and new populations 
of this S3-ranked species were discovered east of 
Vars in autumn 2019. Over the winter of 2019–2020 
we will finish our push to complete our main work on 
the multi-year “Red Spruce / Acadian Forest in east-
ern Ontario” project.

During the course of the year we also found new 
records of apparent significance for a variety of plant 
species, such as:

•	 in eastern Ontario: American Hazelnut (Con
stance Bay), Southern Arrowwood (Cumber
land Forest), Balsam Willow (Bourget), and 

Dwarf Strawberry Bush aka Euonymus nanus 
(Gillies Grove); and

•	 in southern Quebec: using the 2009 publica-
tion “Plantes Rares du Québec Méridional” 
as a guide, new records of many species were 
documented including Rock Elm, Hackberry, 
Butternut, Wild Ginger, American Plum, and 
Bur Cucumber.

We also (painfully) discovered that Fire Ants had 
appeared at two sites along the Ottawa River, includ-
ing the MacSkimming Outdoor Education Centre.

In 2019 we began to focus on exploring specific 
habitat types threatened by resource exploitation, 
such as bogs (peat extraction) and limestone uplands 
(quarrying); we plan to continue and expand upon 
this theme into 2020.

Owen Clarkin, Chair

Education and Publicity Committee
Storyboards continue to be developed. Seven new 

ones added. Stories were rotated every season.
We held a third Open House at the Resource 

Centre in collaboration with Jane’s Walks. Several 
members hosted about 100 visitors with drinks, cook-
ies, and tours of the garden. This was approximately 
the same number of people as the previous year.

This year we had only one application for spon-
sorship to the Youth Summit of Ontario Nature. The 
candidate was judged worthy to attend the summit. 
Kathy Conlan, Diane Lepage, and Gordon Robertson 
were judges at the annual Ottawa Regional Science 
Fair. They awarded four OFNC awards ($100 each) 
and one-year club memberships to the winning stu-
dents.

We hosted numerous group tours of the Fletcher 
Wildlife Garden this year including one tour for home 
schoolers, three tours for Scouts/Beavers/Brownies, 
and two tours for school groups. We also developed 
several new Visual/Audio Scavenger Hunts for use 
with these groups at Petrie Island and several Mer 
Bleue trails.

Presentations were given to the Kanata Seniors 
Centre Camera Club, which had about 50 attendees 
and a kindergarten class at St. Marguerite d’Youville. 
Lynn Ovenden and Gia Paolo hosted our booth at the 
Wildlife Speaker Series in May.

Finally, we had lost several members and only 
gained one new member, Ms. Beesan Sarrouh. Ms. 
Gia Paola continues to help out at our events despite 
being a non-member.

Gordon Robertson, Chair

Events Committee
The 2019 Events Committee coordinated 62 events, 

consisting of field trips, workshops, and presentations 
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for monthly meetings. With challenging, late spring 
weather and a prolonged flood on the Ottawa River, 
a number of events were postponed, but were ulti-
mately held on new dates; only one event (not counted 
in the 62) was cancelled. Among the other events, af-
ter a two-year hiatus, a multi-day excursion to Point 
Pelee and Rondeau was held in May.

Each of the Club’s 10 monthly meetings included 
a presentation. Nine of these were the feature event 
of the meeting, while the January ABM included 
an abbreviated presentation. The diverse topics in-
cluded forest ecology (salamanders, urban trees, and 
mycorrhizae), conservation challenges (Monarch 
Butterflies, road ecology, Chronic Wasting Disease, 
and microplastics), the application of field biology 
(fish surveys and genetics in birds), and a travelogue 
(wildlife in Japan).

Topics for the various trips and workshops in-
cluded birding (20), fungi (seven), herpetology (five), 
botany (four), entomology (four), photography (four), 
molluscs (one), and geology (one), with the remainder 
being general interest (10). (Four trips fit more than 
one category, not including general interest.)

The committee extends its sincere gratitude to 
all individuals who lead, presented, or assisted with 
events. While all volunteers are too numerous to 
mention, the committee would like to extend a spe-
cial thank-you to a few OFNC members who are not 
part of Events: Martha Farkas, who acted as trip co-
ordinator on the fabulous Point Pelee excusion, and 
Joan Heyding, Lynn Ovendon, and Brett Stevens, 
who were instrumental in adding much-needed con-
tent related to fungi.

Finally, the Chair would like to commend and 
thank Julia Cipriani, a stalwart member of the Events 
Committee, for the tireless effort and guidance she 
has provided over many years.

Jakob Mueller, Chair

Finance Committee
This report covers financial matters during fis-

cal year 2018–2019, which extended from 1 October 
2018 through 30 September 2019. Many of these mat-
ters go directly to the Board of Directors for resolu-
tion. However, they are mentioned here to give OFNC 
members a sense of the financial issues that occur.

The primary task of the Finance Committee is to 
prepare a draft budget for consideration by the Board 
of Directors. The Finance Committee receives sug-
gestions, and expected revenues and expenses from 
Board of Directors members and committee chairs. 
The budget for FY2018–2019 was approved at the 
Board of Directors meeting of October 2018. The 
draft budget for FY2019–2020 was presented to the 
Board’s September 2019 meeting. After discussion, 

a revised version was approved at the October 2019 
Board meeting. The budget forecasts revenues of 
$129 800, expenses of $153 550, for a deficit of $23 750. 
A copy of the budget, as approved, is included as an 
appendix to the minutes of the October 2019 Board of 
Directors meeting. These minutes are posted on the 
OFNC website (https://ofnc.ca/wp-content/uploads/ 
2019/11/OFNC-Board-Minutes-2019-10-22.pdf).

The question arises from time to time whether 
our spending is appropriate. Members have two con-
cerns. On the one hand, will we exhaust our invest-
ment fund prematurely? A member of the Board and 
the Finance Committee, Catherine Hessian, has pro-
jected our financial situation into the future. Using 
deficit figures higher than we are actually running 
($75 000 or $100 000) and interest rates of 2%, 3%, 
or 4% (currently we are earning 3%), our investment 
fund will be maintained for between 16 and 37 years. 
Based on this, the Board feels that our deficits are rea-
sonable.

The other concern is that we are not spending 
enough. The Board of Directors reviews proposals for 
spending, during the budget process and on an ad hoc 
basis during the year. Proposals are evaluated based 
on the Club’s objectives, for example natural history 
education, and our policies, for example a focus on 
eastern Ontario and the Ottawa Valley. The Board is 
responsive to proposals, but also prudent.

During the 2018–2019 fiscal year, the Board dealt 
with several additional financial issues:

•	 a policy on accepting advertisements in Trail 
& Landscape;

•	 a policy on mileage rates—who was eligible 
and what rate to use; and

•	 a proposal to support financially a bird obser-
vatory, not in the Ottawa area, was discussed 
but not approved.

The Treasurer continued her work to improve our 
systems for bookkeeping, donations, and payments.

Ken Young, Chair

Fletcher Wildlife Garden
The wet cold spring delayed the season for vol-

unteer work at the Fletcher Wildlife Garden (FWG), 
and throughout the spring and summer the growth of 
many flowers, shrubs, and trees was slow. However, 
the dedication of our volunteers ensured that visi-
tors to the garden were able to enjoy the many plants, 
trees, insects, amphibians, and mammals that inhabit 
the property.

Our plant sale, which was held in early June, at-
tracted more customers this year than ever before, in 
part due to advertising in community newsletters cir-
culated by two local city councillors. The sale is our 

https://ofnc.ca/wp-content/uploads/2019/11/OFNC-Board-Minutes-2019-10-22.pdf
https://ofnc.ca/wp-content/uploads/2019/11/OFNC-Board-Minutes-2019-10-22.pdf
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biggest source of revenue. For many of our custom-
ers, it is their first visit to FWG.

The Backyard Garden continues to be one of the 
most visited parts of the site. This year we got to see 
the benefits of the work put in last year to complete 
a fern bed. Many of the flowers were blooming later 
than usual, but their arrival soon attracted a wide va-
riety of pollinators. The bird feeder was a popular 
place for a large number of birds that in turn attracted 
many regular visits by photographers/birders.

Our Facebook page saw a lot of activity this sum-
mer. Almost daily, spectacular pictures of birds, 
small animals, insects, reptiles, and flowers showed 
the wide biodiversity to be found at the FWG.

Our three main volunteer work groups—Tuesday 
afternoon, Wednesday evening, and Friday morn-
ing—were kept busy maintaining the property’s 
plants, shrubs, and trees as well as continuing our bat-
tles against Dog-strangling Vine (DSV), Buckthorn, 
Comfrey, and Burdock. Several areas of the garden 
are now relatively free of noxious and invasive plants, 
which have been replaced with indigenous plants. 
Node workers, who adopt part of the FWG, have cre-
ated a new native flower bed at the entrance to the 
FWG and expanded the regeneration of the “gully”.

Several groups from government departments, 
public institutions, private companies, and post-sec-
ondary faculties came to the FWG as part of their 
community service and outreach programs. The work 
by these groups on resurfacing pathways, clearing 
DSV, preparing new beds, and maintenance around 
the pond helped us to make improvements in large ar-
eas of the property.

We put in over 4700 hours of volunteer work this 
season. Ten percent of this was provided by external 
groups.

The recent addition of bilingual story boards at 
various locations throughout the FWG has made a 
valuable contribution to our mandate to educate the 
public. The story boards are updated regularly to 
keep up with the seasonal changes. We have also ex-
panded our brochure collection. The new brochures 
can be used by visitors as they walk along our paths 
to easily identify various conifers, deciduous trees, 
shrubs, and vines.

In terms of community outreach, the FWG pre-
sented workshops and talks on pollinator gardens, 
bees, Monarch Butterflies, and wasps. As a member 
of Wild Pollinator Partners (WWP), the FWG hosted 
a colloquium in early March, bringing together 35 or-
ganizations and individuals to exchange information 
on pollinator habitat, identification, and conserva-
tion. The FWG also donated plants for new pollinator 
gardens at several schools, churches, and a library. In 
collaboration with the University of Ottawa, we also 

conducted pollinator surveys at community gardens 
(and the FWG) and set up an iNaturalist project to 
collect pollinator data in our region.

Also, as part of WPP, the FWG was instrumental 
in the city’s presentation of a wildlife speaker event 
on pollinators this spring, the establishment of a pol-
linator garden at City Hall, and the mayor’s proclama-
tion of Pollinator Appreciation Day.

Ted Farnworth, Committee Member

Macoun Club
The Macoun Field Club for children and young 

people (ages 8 to 18) runs every Saturday through 
the school year, except for public holidays. Indoor 
meetings at the Fletcher Wildlife Garden’s resource 
centre alternate with field trips. During 2018–2019, 
Committee Members organized and oversaw 18 in-
door meetings, with presentations and workshops, 
and led 14 field trips. The two principal locales for 
field-trips, the Club’s “Study Area” in Stony Swamp 
and “Pakenham” in Lanark County, have been reg-
ular Macoun Club destinations for 50 years. A spe-
cial field trip took the group to the Ecomuseum in 
Montreal by bus.

For the third time, the Macoun Club hosted the na-
ture quiz at the OFNC’s Awards Night event.

An up-to-date record of all Macoun Club activities 
was maintained on the OFNC website by Committee 
members. A Macoun Club member took on the edi-
torship of the Club’s newsletter, and renamed it The 
Macoun Monthly. It was made available online to 
members for the first time, too. As always, Issue No. 
73 of the Club’s annual magazine, The Little Bear, 
was made available to members in hard copy only.

Robert E. Lee, Chair

Membership Committee
This report for 2019 is presented in a different for-

mat than in previous years in two aspects. First, non-
Canadian memberships are not reported by type be-
cause they represent only 1% of total membership.

Second, the total membership of previous re-
ports is divided into two groups. The first consists of 
those who pay club fees, or are “Honorary” members 
or participate in the “Macoun Club”. This group is 
defined as the “Membership”. The other consists of 
the membership aggregate “Other” which represents 
mostly designated individuals and affiliate organiza-
tions that receive complimentary copies of the Trail 
& Landscape (T&L). They have a mission-oriented 
partnership, not a financial relationship, with the 
Club. This group, together with “T&L Subscriber” 
are reported separately.
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The distribution of Club membership for 2019 
on 30 September 2019 and on 30 September 2018 is 
shown in the table below. The increase in member-
ship observed for 2019 continues the trend of long-
terms gradual growth but with annually noted in-
creases and decreases in membership.

Members within 50 km of Ottawa comprised 747 
of the total membership of 860.

2019 2018
Individual 402 384
Family 339 314
Student 30 23
Honorary 24 24
Life 39 40
Macoun Club 17 15
USA 7 9
International 1 2
Total 859 811

The distribution of “Other” Club relationships for  
2019 on 30 September 2019 and on 30 September 
2018 is shown in the table below. The decrease arises 
because counting the distribution of T&L within the 
Club as “Other” has been halted.

2019 2018
T&L Subscriber 3 3
Other 23 24
Total 26 27

Henry Steger, Chair

Publications Committee
The Publications Committee manages publica-

tion of The Canadian Field-Naturalist (CFN), T&L, 
and Special Publications. The committee also advises 
OFNC with respect to issues relating to research, in-
cluding managing the research grants program.
Trail & Landscape

Five issues of T&L were published: 52(4) and 53 
(1–4). In collaboration with the Canadian Museum 
of Nature, major progress was made in complet-
ing imaging and uploading of T&L back issue con-
tent to the Biodiversity Heritage Library. As of 30 
September 2019, content up to the end of volume 34 
(2000) was freely available on the site: https://www. 
biodiversitylibrary.org/bibliography/115961#/
summary.
The Canadian Field-Naturalist

Four issues of CFN were published: 132(1–4). 
Issues 132(1) and 132(2) comprised a two-part spe-
cial issue titled “Studies on Canadian Amphibians 
and Reptiles in Honour of Dr. Francis Cook”. The 24 
papers published in the special issue (parts I and II) 

were handled by Guest Editors Dr. William Halliday 
and David Seburn.

Several papers published this year received media 
coverage, reflecting not only the important contribu-
tions to science published in the journal but also the 
importance and relevance of the journals content to 
broader society in Canada. Papers reported on include 
studies of life history of pair bonding in Canada Geese 
(https://doi.org/10.22621/cfn.v132i3.1966; Ottawa Ci
tizen, 20 April 2019); the status of the amphibians 
and reptiles of Essex County, Ontario (https://doi.
org/10.22621/cfn.v132i2.2053; CTV Windsor, 7 March 
2019); and Snapping Turtle oviposition in asphalt 
(https://doi.org/10.22621/cfn.v132i2.2035; Ottawa Ci
tizen, 22 April 2019). Some papers published in earlier 
years also received media attention, including stud-
ies of road mortality of wildlife in southern Ontario 
(https://doi.org/10.22621/cfn.v130i1.1804; Windsor Star, 
21 August 2019; CTV Windsor, 24 July 2019); Beavers 
feeding on salmon carcasses (https://doi.org/10.22621/
cfn.v119i4.215; National Post, 10 January 2019); and 
coyote breeding range in the Northwest Territories 
(https://doi.org/10.22621/cfn.v120i1.248; Northern News  
Services, 20 June 2019).

Ottawa Field-Naturalists’ Club Research 
Grants

2019 was the fifth year of the Ottawa Field-
Naturalists’ Club Research Grants program. Research 
grants support field-based research activities that re-
flect and promote the Club’s objectives within east-
ern Ontario and/or western Quebec, focussed partic-
ularly upon the Club’s study area. A total of $15 000 
is available each year to fund research proposals. The 
application deadline was 15 January 2019. A subcom-
mittee convened and chaired by Dr. Jeff Saarela re-
viewed all proposals and submitted funding recom-
mendations to the OFNC Board of Directors. A list of 
recipients of 2018 Research Grants was published in 
Trail & Landscape 53(3): 162–163.

Jeffery M. Saarela, Chair

Safe Wings Ottawa
From 1 October 2018 to 30 September 2019, Safe 

Wings Ottawa (SWO) volunteers:
•	 monitored 75+ buildings during spring and fall 

migration;
•	 documented 3549 window collisions;
•	 rescued 769 live birds following window col-

lisions;
•	 provided short-term care to 914 birds, includ-

ing 558 window collision victims;
•	 answered more than 3000 phone calls; and
•	 provided rescue assistance and/or transporta-

tion for hundreds of injured birds.

https://www.biodiversitylibrary.org/bibliography/115961#/summary
https://www.biodiversitylibrary.org/bibliography/115961#/summary
https://www.biodiversitylibrary.org/bibliography/115961#/summary
https://doi.org/10.22621/cfn.v132i3.1966
https://doi.org/10.22621/cfn.v132i2.2053
https://doi.org/10.22621/cfn.v132i2.2053
https://doi.org/10.22621/cfn.v132i2.2035
https://doi.org/10.22621/cfn.v130i1.1804
https://doi.org/10.22621/cfn.v119i4.215
https://doi.org/10.22621/cfn.v119i4.215
https://doi.org/10.22621/cfn.v120i1.248
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Our outreach efforts to encourage bird-friendly 
measures for existing and new buildings yielded 
mixed results in 2018–2019. The Canadian Museum 
of Nature, National Gallery of Canada, Canadian 
Wildlife Federation, Federation of Canadian Munici
palities, and Agriculture and Agri-food Canada were 
among the property owners/operators to apply retrofit 
measures to some of their windows. Others, includ-
ing KRP, the major property owner in Kanata North, 
declined to make any changes. As the building and 
its grounds are almost entirely inaccessible to outsid-
ers, staff at Communications Security Establishment 
began their own monitoring program, and began pri-
oritizing and securing funding to retrofit the most le-
thal façades.

The City of Ottawa failed again to deliver its over-
due bird-friendly design guidelines. The working 
group, of which SWO is a member, was told to expect 
a draft in early 2020. In Kingston, Queen’s University 
committed to adopting bird-friendly guidelines for 
new buildings thanks to an extra push from local al-
lies. The owners of the Chateau Laurier sought our 
input to make the proposed hotel addition safer for 
birds, and we participated in public workshops for the 
design of the new central library, and for the National 
Capital Commission (NCC) Sustainability Strategy.

SWO attracted public attention and media cov-
erage after raising concerns that Ottawa’s new light 
rail transit stations, as well as those planned for Phase 
2, would be lethal to birds, despite assurances from 
OC Transpo that bird-friendly design had been con-
sidered. In a separate initiative, we began working 
with OC Transpo on a pilot project to retrofit three 
bus shelters with Feather Friendly. The planned 
September launch was postponed until spring. OC 
Transpo staff began investigating ways to make new 
bus shelters bird-friendly.

We finalized the Ottawa Bird Strategy, a guid-
ing document produced in partnership with the 
NCC, Nature Canada, Bird Studies Canada, and the 
Ottawa Valley Wild Bird Care Centre (OVWBCC). 
It will be officially launched in 2019–2020. We rede-
signed our bilingual paper rescue bags and produced 
a printed handout aimed at people working in haz-
ardous buildings.

The addition of a new volunteer doubled the num-
ber of permitted rehabbers providing short-term care 
in their homes, one in the Glebe and one in Orleans. 
The OVWBCC reduced the hours during which we 
could transport birds to them, which increased both 
the number of birds admitted to our care (instead of 
being transported directly to the OVWBCC), and the 
amount of time birds remained in our care. With de-
creasing access to the OVWBCC, we built relation-
ships with other rehabilitators across North America 

to access advice and other resources. We arranged 
for the City of Ottawa to cover the cost of euthanasia 
for badly injured birds when required at the Ottawa 
Animal Emergency and Specialty Hospital.

In the spring, we acquired equipment to provide 
oxygen therapy to birds with head trauma or respir-
atory distress. This treatment, along with our ability 
to offer after-hours care and a quieter environment 
for injured birds, contributed to improved outcomes. 
Among 2018–2019 window collision victims whose 
outcomes are known, 52% of birds treated solely by 
the OVWBCC were released, compared with 62% of 
those treated by SWO (whether or not they received 
further care at the OVWBCC).

Since 2014, SWO has documented collisions by 
131 bird species, including 13 Species at Risk.

Anouk Hoedeman, Chair

Treasurer’s Report
Overall—The OFNC continues to be in a solid fi-

nancial situation. Despite the generous bequest from 
Violetta Czasak we are watching our revenues and 
expenses to ensure that we continue on a sustainable 
basis. Many organizations such as ours are experi-
encing declining membership and scientific journals 
are losing subscribers. Our membership is holding 
steady. We are watching our subscription renewal 
levels to be alert to any significant declines.

Reduced deficit—The most notable aspect of our 
2019 financial statements is that the deficit has de-
clined from $42 870 in 2018 to $3012 in 2019. While 
there are the usual ups and downs in revenues and ex-
penditures from one year to the next there are four 
major contributors to the $39 000 change this year.

$15 500—Donations from the OFNC to other or-
ganizations were down this year. We continue to pro-
vide $5000 to the Ottawa Carleton District School 
Board to allow more children to attend the outdoor 
centres. In 2018 we had also provided $10 000 to-
ward the publishing of the Birds of Nunavut, $4500 
to the Innis Point Bird Observatory, and $1000 to the 
Invasive Plant Council

$17 500—The size of the CFN deficit decreased 
from $30 248 in 2018 to $12 700 in 2019. This can 
vary depending on the relative match between rev-
enues and expenses in the fiscal year. This year also 
reflects increased subscription rates for Volume 132.

$3000—Website—In 2019 we switched to a new 
web service provider and we did not have re-design 
costs.

$3000—Pelee Trip—The Club trip to Point Pelee 
realized a surplus.

Publications—CFN increased subscription prices 
for institutions for Volume 132 (2018). Since that 
volume was issued in 2018–2019 there is a noticea-
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ble increase in subscription revenues in the 2019 fis-
cal year. Renewals for Volume 133 (2019) have been 
slow coming in. That may be because the first issue of 
Volume 133 was issued in September 2019. We will 
need to watch carefully to see if there is a real de-
crease in subscription revenues or if it is just a timing 
issue. The CFN is making progress in catching up to 
its schedule (the first issue of a volume should be pub-
lished in the first calendar quarter). The more the CFN 
gets caught up to date the better the match of revenues 
and expenses for issues within the fiscal year.

Author Charges also show an increase since four 
issues were mailed during the fiscal year. About one 
third of the author charges are paid by the Manning 
Fund. Expenses are decreasing somewhat with a new 
contract for journal production reducing costs and 
speeding up production. More copy editing is being 
done on a volunteer basis which also reduces costs. A 
hard copy edition is still printed (350 copies) account-
ing for about 30% of the total volume cost.

Trail & Landscape does not generate revenue al-
though it is now able to accept ads. This quarterly 
members magazine has been revamped giving it a 
more modern and lively appeal. Steps are being taken 
to reduce the cost ($21 644 in 2019, $23 778 in 2018, 
and $29 292 in 2017) without sacrificing the much ap-
preciated quality improvements.

Fletcher Wildlife Garden—The FWG is a major 
activity of the Club and there is a separate fund for it 
showing revenues and expenses. The primary fund-
raiser is the plant sale which is making more money 
each year ($6736 in 2019, $4416 in 2018). Taking 
credit cards is contributing to this boost in sales. In 

addition they are providing plants to other charities 
such as Ontario Nature and the Canadian Wildlife 
Federation. Some donations to the OFNC are also ear-
marked for the FWG. While there are regular, routine 
expenses sometimes there are major projects such as 
the erosion control ditch with expenses spread over 
both 2018 and 2019.

Pelee trip—In May 2019 the Club organized a 
trip to Point Pelee for the peak of bird migration. The 
trip took in $26 850 in revenue and had $23 745 in ex-
penses for a gain of $3104.57. The trip is usually of-
fered every two years if volunteers are available. It 
has previously been run on a break-even basis but this 
year it made a profit. Given the extensive amount of 
volunteer time required, consideration is being given 
to designing future Pelee trips as fund raising events.

Safe Wings—Safe Wings is an initiative of the 
Club that works to reduce bird mortality from win-
dow collisions through research, prevention, and res-
cue. Their direct involvement with the public, many 
of whom are not members of the Club, results in sub-
stantial donations earning over $5000 in 2019 and 
about $6000 in 2018. The amount of work being un-
dertaken has risen rapidly. In 2019 the expenses of the 
operation were about $6000 which was an increase 
from $3700 from 2018. This does not include work 
on a Bird Strategy funded by a grant from the City 
of Ottawa.

Ann MacKenzie, Treasurer

Approved financial statements available online at:
https://www.canadianfieldnaturalist.ca/index.php/
cfn/article/view/2581/2445
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The Ottawa Field-Naturalists’ Club Awards for 2019, presented 
February 2020
Eleanor Zurbrigg, Irwin Brodo, Julia Cipriani, Christine Hanrahan, Lynn Ovenden, and 

Karen McLachlan Hamilton

On 22 February 2020 members and friends of 
the Ottawa Field-Naturalists’ Club (OFNC) gathered 
for the Club’s Awards Night at St. Basil’s Church in 
Ottawa to celebrate the presentation of awards for 
achievements in the previous year. Awards are given 
to members or non-members who have distinguished 
themselves by accomplishments in the field of natural 
history and conservation or by extraordinary activity 

within the Club. Four Club awards were presented for 
2019, for: (1) outstanding organization of the Club’s 
five-day bus excursion to Point Pelee National Park, 
(2) worthy service including as the Book Review 
Editor for The Canadian Field-Naturalist, (3) revi-
talizing the Conservation Committee and promoting 
conservation of regional forests, and (4) habitat pres-
ervation in the Ottawa Valley. 

The Canadian Field-Naturalist
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Member of the Year: Martha Farkas
Each year, the Ottawa Field-Naturalists’ Club rec-

ognizes a Club member whose exceptional accom-
plishments during the past 12 months stand out from 
the crowd. For 2019, that would surely be Martha 
Farkas, in recognition of her leadership on the re-
markable May birding trip to Point Pelee National 
Park and Rondeau Provincial Park.

Why was the 2019 trip remarkable? Every other 
year for many decades, the OFNC has been organiz-
ing and running trips to Point Pelee in Essex County, 
Ontario, to observe the spring bird migration over a 
long weekend in May. This past year was special be-
cause there had been a three-year rather than two-year 
hiatus and the number of participants rose to close to 
40, with the need for three birding leaders instead of 
two. In addition, the trip was to be a five-day event in-
stead of the usual four days (including travel time). 
Finding an administrative leader who is not only will-
ing to put in the large amount of time and effort re-
quired to make such a trip happen, but with the skills 
required to make the trip a success, is not always easy. 
The Club found just such a person for the 2019 trip, 
Martha Farkas, who had already learned some of the 
ropes by leading the previous Pelee trip.

Martha looked after all the administrative details 
for the excursion, starting two years before the event 
by reserving rooms for the entire group at a motel in 

Leamington, close to the park. Martha also arranged 
for the bus and driver months in advance. All the pay-
ments and purchases were also dealt with by Martha, 
looking after last-minute changes, fees, non-pay-
ments, and inevitable questions. Taking care of the fi-
nancial issues is something not all Pelee trip organ-
izers have had to do. After the all-day bus trip, and 
after the participants were settled at the motel, she or-
ganized the shopping for picnic lunches and later de-
vised a way for people to put the picnic lunches to-
gether and do the required clean-up. Needless to say, 
she had to constantly keep track of over 35 excited 
and preoccupied birders both in the field and back at 
the home base. Always attentive to important details, 
Martha also brought a generous number of snack-
ing options and water for the bus rides and was very 
aware of the necessity of mini-breaks on a bus with 
one washroom!

As one participant noted, “Martha is the consum-
mate diplomat dealing with people. She ensured that 
everything ran smoothly over the three days [in the 
field]. She was very good at managing the movement 
of the participants. She stayed calm, kept order with 
ease while managing the schedule”.

It is therefore our pleasure to recognize Martha 
Farkas as our Member of the Year for 2019.

(Prepared by Irwin M. Brodo and Julia Cipriani)
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George McGee Service Award: Barry Cottam
This award is given in recognition of a member 

who has contributed significantly to the smooth run-
ning of the Club over several years.

Like many who gravitate to the Ottawa Field-
Naturalists’ Club, Barry’s fascination with the natural 
world came at an early age. He quickly learned that 
the outdoors offers an inexpensive, endless source of 
learning and enjoyment. He was, and still is, never 
bored. He learned of the Club initially through the 
Fletcher Wildlife Garden (FWG), a place a friend sug-
gested he should “check out”. That was the beginning 
of his nine-year adventure.

Barry really loves books. So, when The Canadian 
Field-Naturalist (CFN) needed a new Book Review 
Editor, the position seemed a natural fit. His primary 
responsibility is to manage the Book Reviews and 
New Titles sections seen at the end of every issue. 
Approximately 150 books have passed through his 
hands since assuming the position in 2016. Most are 
forwarded to reviewers; however, for books that may 
seem a little obscure or do not seem to fit a particular 
niche, Barry has risen to the challenge and reviewed 
them himself. His reviews have included topics such 
as Passenger Pigeons, enlightened naturalists, human 
enlightenment through nature, and climate change.

Being a Book Review Editor is not for the faint 
of heart. It requires good communication and editing 
skills, and the ability to organize and coordinate every 
item through the review process in a timely fashion.

This process can take 20–48 hours a month to ac-
complish, depending on the complexity of the situa-
tion. Barry has also introduced a new twist to each re-
view by adding a thumbnail image of the cover page. 
It is his natural curiosity, self-motivation, and easy-
going personality that make him the editor he is.

It should be said that Barry’s activities in the Club 
have not been restricted to CFN. When affiliated with 
the FWG, he served on its committee for four years, 
and led a small group attempting to rid the garden 
of Dog-strangling Vine. He was also FWG’s repre-
sentative to the Central Experimental Farm Advisory 
Committee and Friends of the Farm for two of those 
years. He served on the Board of Directors not only 
as FWG chair, but later as the OFNC representative  
to Ontario Nature. He left the Board in October 2016  
to join the Publications Committee as Book Review 
Editor for CFN and Proofreader for Trail & Landscape 
(T&L). Other activities include six years as co-organ-
izer of the Members’ Photography Night and he occa-
sionally contributes to the blog notes and T&L.

As Barry is seriously considering living full time 
in Prince Edward Island, his active service will be 
winding down. With this in mind, the Club would like 
to acknowledge his invaluable contributions in gen-
eral and to CFN specifically. Thank you, Barry, for a 
job well done.

(Prepared by Karen McLachlan Hamilton)

Conservation Award—Member: Owen J. Clarkin
 This award recognizes an outstanding contribu-

tion by a member in the cause of natural history con-
servation in the Ottawa Valley, with particular empha-
sis on activities within the Ottawa District.

Eight years ago, for lack of a chairperson, OFNC’s 
Conservation Committee was relatively inactive. 
Contact was mainly through intermittent emails. In 
October 2012, Owen offered to chair regular meetings 
to rebuild the committee. Owen brought energy and 
inspiration along with agendas, minutes, and ideas to 
Committee meetings. New members joined. A con-
servation program of advocacy, public outreach, and 
eco-inventories evolved.

Under Owen’s influence and aided by other mem-
bers, the Conservation Committee identified vari-
ous issues on which they made submissions on be-
half of the OFNC. For example, they sent comments 
to Ontario’s Environmental Registry on the proposed 
hunting of Snapping Turtles and Double-crested 
Cormorants, to the federal government on recovery 
plans for endangered turtles and American Eels, and 
to the City requesting sloping curbs for turtle hatch-

lings at Mud Lake and less mowing of meadows to 
support pollinators.

This advocacy for conservation has been bal-
anced by ambitious public outreach. As Owen wrote 
in his 2015 Annual Report about the Conservation 
Committee, “We are keen to share our collective ex-
pertise with local nature lovers”. Since 2012, he has 
led about 125 nature walks for over 20 groups, from 
naturalist organizations to community groups to hor-
ticultural societies. With boundless  good  humour, 
he tells people how to distinguish woody plant spe-
cies by their buds, leaf venation, even their profile in 
the canopy on the horizon, plus information on their 
unique ecology. Tree Fest Ottawa described him as 
“Tree Educator, Activist, Treebadour”.

From the beginning, one of Owen’s personal goals 
for the Committee has been to learn the current sta-
tus of uncommon or declining native plants in east-
ern Ontario and western Quebec. The Committee 
discusses and plans actions regarding species of con-
servation concern (both threatened indigenous spe-
cies  and  emerging  potentially  invasive  exotics).
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They have collaborated with several organizations 
on bioblitzes and inventories. Most recently, Owen 
conducted a tree inventory of Petrie Island with the 
Friends of Petrie Island and the Ottawa Stewardship 
Council. Under Owen’s leadership, the group dis-
covered several populations of extant Red Spruce 
throughout Eastern Ontario and noted other species 
growing in Red Spruce stands. Owen has also docu-
mented the region’s threatened Rock Elm.

Owen  leads  and  keeps  the  Conservation  Com
mittee together. He has developed effective positions 

on conservation issues for the OFNC Board and col-
laborated with almost every conservation group in the 
region. He is distinguished by his generosity in shar-
ing knowledge with others, using education as a tool 
to promote appreciation and conservation of nature.

It is for revitalizing the Conservation Committee 
and promoting appreciation and conservation of re-
gional forests and natural areas that the OFNC is 
pleased to present Owen Clarkin with the 2019 
Conservation Award for a Member.

(Prepared by Lynn Ovenden)

Conservation Award—Non-Member: Mississippi Madawaska Land Trust
This award is given in recognition of an outstand-

ing contribution by a non-member in the cause of nat-
ural history conservation in the Ottawa Valley, with 
particular emphasis on activities within the Ottawa 
District.

This year, the award is given to the Mississippi 
Madawaska Land Trust (MMLT) in recognition of 
their exceptional work protecting valuable wildlife 
habitat.

The MMLT was founded in 2003, and soon 
joined the Ontario Land Trust Alliance, adopting 
their Canadian Land Trust Standards and Practices. 
Without doubt, one of the best and most enduring 
ways to protect our native flora and fauna is to pre-
serve habitats in perpetuity. The MMLT focusses on 
acquiring and protecting land in the Ottawa Valley 
just west of Ottawa, within the Mississippi River and 
lower Madawaska River watersheds. Their Mission 
Statement sums up their goals nicely: “To legally pro-
tect and steward private lands having ecological, bio-
diverse, aesthetic, and cultural value and to foster en-
gagement with wilderness”.

The land trust approach fits in well with this ob-
jective. Land trusts “are charitable organizations 
which are legally empowered to protect lands wor-
thy of long-term conservation”. The MMLT protects 
land in several ways: by accepting donations of land, 
by entering into conservation easements with land-
owners, and by outright purchase of land. At present, 
the MMLT stewards eight properties encompassing a 
diversity of habitats from forest to wetlands, mead-
ows, and mountains. Four of these properties are 
open to the public for nature viewing, hiking, and  
snowshoeing.

Maintaining a land trust such as the MMLT re-
quires considerable time and effort. While there is 
one paid part-time staff person, everything else is 
conducted by dedicated volunteers (a comprehen-
sive Volunteer Handbook delineates the many impor-
tant ways in which volunteers can assist). Acquiring 

a property is the essential  first  step,  followed  by 
the preparation of maps and extensive documenta-
tion of the acquisition to satisfy legal requirements. 
Complete ecological assessments are also under-
taken for each property including surveys of fauna 
and flora. As part of this process, the MMLT added 
an innovative acoustic monitoring of some sites dur-
ing 2018. Plans are then prepared for ongoing moni-
toring and stewardship.

There are many costs associated with running such 
an organization. Financing is needed for legal fees, 
land appraisal, insurance, property taxes, and annual 
audits, and of course where applicable, buying land. 
Donations and membership fees contribute a signifi-
cant amount. MMLT also applies for grants from var-
ious agencies for special projects, such as tree plant-
ing, the above acoustic monitoring, as well as to assist 
with the costs of land purchase. The MMLT holds 
their annual Go Wild Gala each autumn, with a silent 
auction which helps generate considerable funding. 
A wonderful array of guided walks and other events 
are held for which a modest fee is charged. There are 
hikes to see the fall colours on one of their most stun-
ning properties, Blueberry Mountain, and excursions 
to other properties to discover lichens, watch birds, 
learn about wildflowers, search for dragonflies, and 
there is the delightfully named Festival of the Wild 
Child.

The MMLT is a dynamic, energetic, engaged 
group, completely dedicated to their vision of “wil-
derness protected for all time, where all species thrive 
and people engage with nature”. They have been 
wonderfully successful in their relatively short time 
as a land trust and it is clear that they will continue 
to promote the joys and the beauty of nature as they 
protect yet more wild lands in the years ahead. For all 
of these reasons and for so much more, we are hon-
oured to present the MMLT with the OFNC’s 2019 
Conservation Award—Non-Member.

(Prepared by Christine Hanrahan)
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