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Abstract
In 1925, ten migratory bird sanctuaries were created on the North Shore of the Gulf of St. Lawrence, and their breeding 
seabird populations have been censused every five years since. Between 2010 and 2015, only three alcid species exhibited 
positive population trends (Razorbill [Alca torda], Common Murre [Uria aalge], and Atlantic Puffin [Fratercula arctica]), 
while the remaining 13 species showed declining trends. Leach’s Storm-Petrel (Hydrobates leucorhous) and Caspian Tern 
(Hydroprogne caspia) are on the verge of disappearing from the sanctuaries, and the prolonged and rapid decline in Black-
legged Kittiwake (Rissa tridactyla) is worrisome. Based on historical records since 1925, it appears that seabird communities 
are faring well in some sanctuaries (e.g., Baie de Brador, Îles aux Perroquets, and Îles Sainte-Marie), while numbers are at 
low levels in others (e.g., Île à la Brume, Baie des Loups, and Saint-Augustin). Human disturbance, harvest of seabirds (eggs 
and birds), and predation are among the issues potentially most affecting seabird populations on the North Shore of the Gulf 
of St. Lawrence.
Key words: Seabirds; populations; North Shore; sanctuaries; Gulf of St. Lawrence; larids; alcids

Résumé
En 1925, dix refuges d’oiseaux migrateurs ont été créés sur la Côte-Nord du golfe Saint-Laurent, et depuis les populations 
d’oiseaux marins qui y nichent ont été recensées à tous les cinq ans. De 2010 à 2015, seulement trois espèces d’alcidés ont 
montré des tendances positives (le Petit Pingouin [Alca torda], le Guillemot marmette [Uria aalge], et le Macareux moine 
[Fratercula arctica]), tandis que les treize autres espèces présentaient des déclins à divers degrés. L’Océanite cul-blanc 
(Hydrobates leucorhous) et la Sterne caspienne (Hydroprogne caspia) sont à risque de disparaître des refuges, alors que le 
déclin prolongé et rapide de la Mouette tridactyle (Rissa tridactyla) est inquiétant. En comparant avec les données historiques 
depuis 1925, il apparaît que les communautés d’oiseaux de mer sont en assez bonne santé dans certains refuges (ceux de Baie 
de Brador, des Îles aux Perroquets et des Îles Sainte-Marie), tandis qu’ils sont à de bas niveaux à d’autres (i.e., ceux de l’Île 
à la Brume, Baie des Loups et Saint-Augustin). Le dérangement, la consommation (d’œufs et d’oiseaux) par l’homme, ainsi 
que la prédation, sont parmi les problématiques qui affectent potentiellement le plus la conservation des oiseaux marins de la 
Côte-Nord du golfe du Saint-Laurent.
Mots clefs: Oiseaux marins; populations; Côte-Nord; refuges; golfe du Saint-Laurent; laridés; alcidés

Introduction
In 1925, when Harrison Flint Lewis succeeded in 

creating ten migratory bird sanctuaries (MBSs) along 
the North Shore of the Gulf of St. Lawrence, he also 
conducted a census of all seabird colonies in those 
sanctuaries (Lewis 1925). An ornithologist and true 
pioneer in wildlife conservation, Lewis was a chief 
migratory bird officer for Ontario and Quebec, and 
later became the first chief of the Canadian Wild-
life Service. His duties were broad: educating local 
residents about the new conservation laws (i.e., the 
Migratory Bird Convention Act), patrolling the North 
Shore and charging poachers, investigating potential 

sites for bird sanctuaries, and issuing scientific and 
aviculture permits, among other things (Burnett 
1999).

Lewis returned in 1930, 1935, and 1940 to moni-
tor seabird populations in the North Shore MBSs and 
published his findings in The Canadian Field-Natu-
ralist (Lewis 1931, 1937, 1942). Many other natu-
ralists continued Lewis’ legacy by censusing the sea-
birds in the MBSs at intervals of approximately five 
years (Hewitt 1950; Tener 1951; Lemieux 1956; 
Moisan 1962; Moisan and Fyfe 1967; Nettleship and 
Lock 1973; Chapdelaine 1980, 1995; Chapdelaine 
and Brousseau 1984, 1991; Rail and Chapdelaine 
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2004; Rail and Cotter 2007, 2015). In doing so, they 
contributed to what would become one of the longest 
continuous data sets for seabirds in North America 
(Burnett 1999) and a most precious one for tracking 
the status and trends of seabirds in Quebec.

Ninety-five years later, three sanctuaries have been 
abandoned and three others created. Although threats 
to seabirds may seem less obvious than in the early 
20th century, when commercial egging and hunt-
ing were flourishing, the purpose and importance of 
the North Shore sanctuaries remain. Seabirds benefit 
from the protection afforded by the MBSs, where they 
find some of the best quality habitat for reproduction 
along the huge North Shore coastline. For many spe-
cies, the concentrated breeding populations found in 
those sanctuaries represent a significant proportion of 
the provincial or even Canadian populations (Rail and 
Cotter 2015).

Thus, observations and results from the quinquen-
nial censuses provide useful information regarding 
the management and conservation of our seabirds. 
This article details the updated population estimates 
in each of the sanctuaries on the North Shore of the 
Gulf of St. Lawrence in 2015 (Figure 1), summarizes 

the current status for each species and sanctuary, and 
highlights some conservation issues.

Methods
The fieldwork required to obtain the population 

estimates was considerable: it involved 30 partici-
pants visiting ~130 remote islands over five consec-
utive weeks. Sixteen species of seabirds were cen-
sused simultaneously by counting nests and birds 
from boats or on foot, using binoculars, telescopes, or 
photographs. Moreover, various extrapolation meth-
ods were used, as the total terrestrial area of the ten 
sanctuaries exceeds 20 km2. Methods for estimating 
the number of breeding birds varied depending on 
the species and habitats. These have been previously 
described in detail by Rail and Chapdelaine (2002) 
for the 1998–1999 census and have been followed 
consistently over time. Here is a short summary of the 
methods used in 2015.

Whenever possible, complete nest counts (multi-
plied by two to get the number of breeding individ-
uals) were used to estimate population sizes of all 
species, except for alcids, but there were some par-
ticularities in methods used and species coverage. For 

Figure 1. Location of the sanctuaries of the North Shore of the Gulf of St. Lawrence. Total breeding population size (all sea-
bird species combined) and recent trend are also indicated for each sanctuary.
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example, we looked for Red-throated Loon (Gavia 
stellata) nests by walking around ponds in suitable 
open habitat. For Leach’s Storm-Petrel (Hydrobates 
leucorhous), we searched for apparently occupied 
burrows in areas known to have been used by the spe-
cies in past censuses. Evidence of burrow occupation 
included freshly excavated soil, feathers, and typical 
musky petrel odour at the burrow entrance.

For Common Eider (Somateria mollissima), so 
ubiquitous in its breeding habitat, different sam-
pling and extrapolation methods were used. In Île du 
Corossol MBS, five quadrats of 3600 m2 were used 
(14% coverage) and mean nest density was extrapo-
lated over the rest of the suitable habitat. In the Betch-
ouane MBS, six 16-m wide transects were used on 
the main part of Île Innu (where mean nest density 
was extrapolated), while the rest of the entire sanctu-
ary was searched (total of 45% area coverage). In the 
Watshishou MBS, mean nest density from a sample of 
20 islands visited (representing 12% of the potential 
habitat of the 201 islands; see Brousseau and Chapde-
laine 1990) was extrapolated to the rest of the sanctu-
ary. In Île à la Brume, Baie des Loups, Îles aux Per-
roquets, and Îles Sainte-Marie MBSs, some of the 
islands (representing, respectively, 23%, 26%, 19%, 
and 59% of total land area) was thoroughly searched, 
and mean nest density was extrapolated to the rest of 
the sanctuary’s area. In the Saint-Augustin MBS, we 
counted the number of female eiders flushing from 
the smaller islands (where we did not land), and car-
ried out nest counts on the larger islands.

Because Common and Arctic Terns (Sterna 
hirundo and Sterna paradisaea) are physically very 
similar and often nest in mixed colonies, it would 
have been time consuming to determine the precise 
species ratio at each tern colony. Thus, as in previ-
ous censuses, we grouped the two species and pres-
ent the estimated numbers and population trends for 
“tern spp.”. Also, because these species tend to initi-
ate nesting a bit later than other seabirds, we counted 
individuals when territorial terns were present on an 
island, even if we found only a few or no nests.

For estimating tern and gull populations in large 
MBSs (e.g., Watshishou, Baie des Loups, Saint-
Augustin), we combined nest counts on larger islands 
with bird counts on the smaller islands where we did 
not land. Because nests of Great Black-backed Gull 
(Larus marinus) and Herring Gull (Larus argenta-
tus) are difficult to identify to species, after counting 
the nests of large gulls in a given colony, nests were 
attributed to each species using the observed species 
ratio of adults on site.

Population estimates for alcids, namely Com-
mon Murre (Uria aalge), Razorbill (Alca torda), 
Black Guillemot (Cepphus grylle), and Atlantic 

Puffin (Fratercula arctica), were made by counting 
adult birds visible around the colonies to minimize 
observer disturbance in large and vulnerable colonies 
and also because nests are often inaccessible (e.g., in 
cliffs, under large boulders) or well concealed (e.g., 
Black Guillemots). In rare circumstances, nest counts 
were also used: a few Razorbill eggs were found in 
the Watshishou and Île à la Brume MBSs, and appar-
ently occupied puffin burrows were systematically 
counted on Île à Calculot (Betchouane MBS). Finally, 
at Île aux Perroquets (Baie de Brador MBS), a system 
of transects and quadrats was used to estimate the area 
of the puffin colony and its mean burrow density (see 
Rail and Chapdelaine 2002).

Because our alcid breeding population estimates 
are derived, in large part, from direct counts of indi-
viduals, they are probably underestimates. Indeed, a 
proportion of breeding individuals is usually not vis-
ible during a colony census, as they may be hidden 
at the nest or away from the colony. Thus, correction 
factors are sometimes used to convert the number of 
individuals observed into more realistic estimates 
of the number of breeding pairs (e.g., see Cairns 
1979; Harris et al. 2015). However, correction fac-
tors (k = number of breeding pairs/number of indi-
viduals observed) are subject to considerable varia-
tion depending on species, site, time of day, breeding 
phenology, and weather conditions (Rail and Chap-
delaine 2002) and, ideally, require field validation. 
Because we did not have time to obtain such values 
and our results are mainly used to monitor population 
trends, we chose not to apply any correction factors to 
the raw number of individuals counted for the alcids.

Results and Discussion
In 2015, an estimated 146 729 seabirds were 

breeding in the North Shore sanctuaries. This repre-
sents a 13% increase compared with the 2010 total of 
130 407 individuals. However, despite this apparent 
positive overall result, upward population trends were 
observed for only three alcid species (Razorbill, Com-
mon Murre, and Atlantic Puffin), while the remaining 
13 species showed various degrees of decline (Table 
1). Furthermore, one species was absent in 2015: we 
could not find any active Leach’s Storm-Petrel bur-
rows. Populations showed highly variable trends 
depending on the species and sanctuary. Below is a 
short description of the main results for each sanc-
tuary, from west to east, followed by an assessment 
of the overall situation for each species, from least 
to highest concern. Trends are based on the data in 
Table 1.
Sanctuaries (from west to east)

Île du Corossol MBS (visited 30 May to 1 June 
2015)—As in 2005, Leach’s Storm-Petrel was absent 
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Species
Île du

Corossol Betchouane Watshishou
Île à la
Brume

Baie des
Loups

Îles aux
Perroquets

Îles
Sainte-Marie

Gros
Mécatina Saint-Augustin

Baie
de Brador Total

2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2005* 2010 2015
Common Eider
Somateria mollissima

1504 1014 6006 3274 12 958† 14 192† 1610 1208 3436 2302 986 824 1152 1940 4 14 94 192 25 716 27 750 24 960

Red-throated Loon
Gavia stellata

4 8 12 6 30 34 52 44 4 4 2 92 102 98

Leach’s Storm-Petrel
Hydrobates leucorhous

72 0 0 72 0

Double-crested Cormorant
Phalacrocorax auritus

316 308 1888 1766 40 408 3245 286 3346 5489 2768

Great Cormorant
Phalacrocorax carbo

0 34 156 30 78 32 48 234 96

Ring-billed Gull
Larus delawarensis

414 12 174 2 128 0 0 28 2 0 216 178 1893 934 220

Herring Gull
Larus argentatus

1040 920 828 464 598 664 422 220 379 230 204 167 154 89 93 71 1793 1240 558 543 5914 6069 4608

Great Black-backed Gull
Larus marinus

420 282 74 26 168 232 82 48 96 91 71 95 182 214 81 51 123 112 348 386 1956 1645 1537

Black-legged Kittiwake
Rissa tridactyla

1342 448 58 252 820 644 3994 2220 1344

Caspian Tern
Hydroprogne caspia

3 2 3 3 2

Common and Arctic Terns
Sterna hirundo,
Sterna paradisaea

0 12 220 63 35 46 12 14 91 48 12 0 8 0 645 220 3311 1023 403

Common Murre
Uria aalge

1662 1898 116 724 256 393 2811 7898 20 078 20 821 12 34 1402 2170 14 877 26 337 33 938

Razorbill
Alca torda

2799 3068 346 1323 0 6 10 8 2984 2329 6864 14 945 16 547 20 396 280 401 6283 9305 22 472 36 113 51 781

Black Guillemot
Cepphus grylle

401 119 1 7 20 49 15 4 90 36 103 157 192 37 6 3 3 15 928 831 427

Atlantic Puffin‡
Fratercula arctica

3 2 540 468 4028 1688 400 391 837 2126 59 29 15 718 19 843 25 335 21 585 24 547

Total 9559 8059 7968 6543 16 247 16 942 2360 1591 11 386 7465 11 547 24 500 43 340 46 747 811 673 28 77 1947 24 312 32 262 109 885 130 407 146 729

*Totals for 2005 included for comparison purposes.
†The method used to calculate the eider population in Watshishou likely produced a significant overestimation (possibly as much as 
two to four times; but see Rail and Chapdelaine 2002). However, this method had been used in previous censuses and, thus, allowed 
better historical comparisons.

Table 1. Census of seabirds (number of individuals) in the bird sanctuaries of the North Shore of the Gulf of St. Lawrence in 2010 and 2015.

in 2015, as we could not find any active burrows (36 
had been found in 2010). In addition, Black Guillemot 
declined sharply (−70%) between 2010 and 2015, as 
did Black-legged Kittiwake (Rissa tridactyla; −66%). 
The current most abundant species in the sanctuary, 
Razorbills and Common Murres, increased only mar-
ginally (+14% and +10%, respectively). Overall, the 
estimated number of breeding seabirds decreased by 
16% from 2010 to 2015.

Betchouane MBS (visited 6–7 June 2015)—
Between 2010 and 2015, numbers of the most abun-
dant and representative species in this sanctuary, 
Common Eider, decreased by nearly half (−45%). 
Herring Gull (−44%) and Great Black-backed Gull 

(−65%) also showed substantial declines. Conversely, 
the relatively small numbers of Common Murre, 
Black-legged Kittiwake, and Razorbill increased over 
sixfold (+524%), fourfold (+334%), and nearly four-
fold (+282%), respectively, from 2010 to 2015. The 
total number of seabirds showed an 18% decline.

Watshishou MBS (visited 3–5 June 2015)—The 
populations of the most abundant species locally, 
Common Eider, Double-crested Cormorant (Phala-
crocorax auritus), and Herring Gull, remained quite 
stable between 2010 and 2015, as did the total number 
of breeding seabirds. Razorbill made a small but nota-
ble reappearance (three eggs found on one island), 
after not being detected in the sanctuary during the 
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‡In 2005, the use of a burrow probe at a few sites at Baie des Loups, Îles aux Perroquets, and Baie de Brador verified that apparently 
occupied burrows were actually used at a fairly constant rate of 71–76%. Therefore, the puffin  population estimates presented here for 
these sanctuaries, as well as for the Betchouane and Îles Sainte-Marie Sanctuaries, are overestimates because apparently occupied burrow 
counts were used. We did not apply a correction factor to  these estimates to allow better comparison with data from previous censuses.

2005 and 2010 censuses. The declines in Ring-billed 
Gull (Larus delawarensis; −97%) and Common and 
Arctic Terns (−71%) seem severe, but may be mainly 
caused by colonies moving outside the sanctuary, 
rather than an overall population decline. Colonies of 
those species on the North Shore rarely persist from 
one census to another and, consequently, numbers 
have been extremely variable in the past.

Île à la Brume MBS (visited 14–15 June 2015)—
Six of the nine breeding species here declined, includ-
ing the three most abundant species in 2010: Common 
Eider (−25%), Herring Gull (−49%), and Ring-billed 
Gull (−99%; only one pair found in 2015). Over-
all, the sanctuary lost a third (−33%) of its breeding 

seabirds, and seabird density (579/km2 of land) is the 
second lowest among the North Shore sanctuaries. A 
significant increase (+145%) in the number of Black 
Guillemot observed is perhaps the only positive trend 
here, along with the four nests of Red-throated Loon 
(compared with two in 2010). The sighting of a pair 
of Caspian Tern (Hydroprogne caspia) and their nest 
confirmed that there is still a breeding population, 
although a small one.

Baie des Loups MBS (visited 15, 17, and 20 June 
2015)—Overall, populations of eight of the 11 breed-
ing species declined between 2010 and 2015, and the 
total number of seabirds decreased by a third (−34%). 
Common Eider, one of the most abundant species at 

Species
Île du

Corossol Betchouane Watshishou
Île à la
Brume

Baie des
Loups

Îles aux
Perroquets

Îles
Sainte-Marie

Gros
Mécatina Saint-Augustin

Baie
de Brador Total

2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2010 2015 2005* 2010 2015
Common Eider
Somateria mollissima

1504 1014 6006 3274 12 958† 14 192† 1610 1208 3436 2302 986 824 1152 1940 4 14 94 192 25 716 27 750 24 960

Red-throated Loon
Gavia stellata

4 8 12 6 30 34 52 44 4 4 2 92 102 98

Leach’s Storm-Petrel
Hydrobates leucorhous

72 0 0 72 0

Double-crested Cormorant
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Phalacrocorax carbo

0 34 156 30 78 32 48 234 96
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Larus delawarensis

414 12 174 2 128 0 0 28 2 0 216 178 1893 934 220
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1040 920 828 464 598 664 422 220 379 230 204 167 154 89 93 71 1793 1240 558 543 5914 6069 4608
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Hydroprogne caspia

3 2 3 3 2

Common and Arctic Terns
Sterna hirundo,
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0 12 220 63 35 46 12 14 91 48 12 0 8 0 645 220 3311 1023 403

Common Murre
Uria aalge

1662 1898 116 724 256 393 2811 7898 20 078 20 821 12 34 1402 2170 14 877 26 337 33 938

Razorbill
Alca torda

2799 3068 346 1323 0 6 10 8 2984 2329 6864 14 945 16 547 20 396 280 401 6283 9305 22 472 36 113 51 781

Black Guillemot
Cepphus grylle

401 119 1 7 20 49 15 4 90 36 103 157 192 37 6 3 3 15 928 831 427

Atlantic Puffin‡
Fratercula arctica
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this site, declined by 33% from 2010 to 2015. Fur-
thermore, local populations of Atlantic Puffin, Black 
Guillemot, and Great Black-backed and Herring 
Gulls, reached their lowest levels observed since 
1925–1930. On the positive side, the small num-
ber of Double-crested Cormorant grew ten-fold in 
five years, and the small Common Murre population 
increased notably (+54%).

Îles aux Perroquets MBS (visited 18–20 June 
2015)—Razorbill and Common Murre, by far the two 
most abundant species in this sanctuary, showed spec-
tacular increases between 2010 and 2015 (+118% and 
+181%, respectively). The increase in these two spe-
cies is responsible for the more than doubling (+112%) 
of the overall number of seabirds in the sanctuary. The 
density of breeding seabirds here (25 868/km2 of land) 
is now the second highest among the North Shore 
sanctuaries. Also worthy of note is the reappearance 
of two breeding species, Great Cormorant (Phala-
crocorax carbo, 17 pairs) and Ring-billed Gull (14 
pairs). Other species’ numbers remained relatively 
stable, except for Black Guillemot (60% decline).

Îles Sainte-Marie MBS (visited 16, 21, and 22 June 
2015)—In contrast with the adjacent Îles aux Perro-
quets MBS, the populations of Razorbill and Com-
mon Murre here remained stable between the last two 
censuses (increases of 23% and 4%, respectively). 
The other alcids (Black Guillemot, +52%; Atlan-
tic Puffin, +154%) fared well from 2010 to 2015, as 
did Common Eider (+68%). One striking result is the 
91% decline in Double-crested Cormorant, resulting 
from the near abandonment of the large colony on 
Île de l’Est (1290 nests in 2010), because of the pres-
ence of Red Fox (Vulpes vulpes). The size of the Great 
Cormorant colony (on Île Cliff) also declined severely 
(−81%). Furthermore, for the first time since 1950, 
no breeding terns were found. Overall, the total num-
ber of breeding seabirds remained quite stable (+8%).

Gros Mécatina MBS (visited 23 June 2015)—We 
did not observe any breeding terns in this sanctuary 
in 2015. Trends in the small populations of the other 
species varied considerably, but, overall, the number 
of breeding seabirds declined only slightly (−17%). 
Numbers of Common Murre almost tripled (+183%), 
those of Razorbill increased (+43%), while those of 
Black Guillemot and Atlantic Puffin declined (−81% 
and −51%, respectively). Only 16 nests remained in 
the colony of Great Cormorants on Île aux Trois Col-
lines (−59%).

Saint-Augustin MBS (visited 1 July 2015)—Com-
pared with the other North Shore sanctuaries, Saint-
Augustin MBS has the largest land area, but, again in 
2015, the density of seabirds was lowest (354/km2). 
In fact, the sanctuary lost a third (−32%) of its sea-
birds, as its most abundant species underwent serious 

declines between 2010 and 2015 (−31% for the Her-
ring Gull and −66% for the Common and Arctic 
Terns). On the positive side, the Red-throated Loon 
nest found in 2015 represents the first breeding record 
of the species here since 1977. The number of eider 
nests found in 2015 (96) was double that of 2010 
(+104%).

Baie de Brador MBS (visited 27–29 June 2015)—
Between 2010 and 2015, marked increases were 
noted in the numbers of all breeding alcids, namely 
Common Murre (+55%), Razorbill (+48%), Atlantic 
Puffin (+26%), and even Black Guillemot (from three 
to 15 individuals). Meanwhile, populations of Her-
ring Gull and Great Black-backed Gull remained sta-
ble (−3% and +11%, respectively). With its total num-
ber of seabirds growing 33% since 2010, this MBS 
now has the highest density of seabirds by far (31 754/
km2). The Atlantic Puffin population has rebounded 
to about 20 000 individuals (following a 22% decline 
between 2005 and 2010) and is particularly important 
for the conservation of the species in Quebec, as this 
colony holds over 70% of the puffins in the province.
Species accounts (from least to highest concern)

Razorbill—Once again, this species comes first on 
our list (Rail and Cotter 2015). The population has 
been growing steadily since 1977 (Figure 2a) and the 
43% increase in numbers between 2010 and 2015 
(over 7% annually) is still high for a bird laying a sin-
gle egg. Razorbill is now, by far, the most numerous 
seabird in the North Shore sanctuaries, and its situ-
ation appears positive throughout its range in Que-
bec (Cotter and Rail 2007; Rail 2009, 2018) and North 
America (Chapdelaine et al. 2001; Lavers et al. 2020).

Common Murre—The population increased 29% 
between 2010 and 2015, reaching its highest level 
on record (Figure 2b). Numbers rose everywhere, 
but especially rapidly in recently established colo-
nies, such as those in Betchouane and Baie de Brador 
MBSs (Table 1). This seabird ranks second in abun-
dance in North Shore sanctuaries. It has been gener-
ally increasing and expanding in the province for the 
past 20 years (Rail 2009, 2018; Canadian Wildlife 
Service unpubl. data), as well as in most of its global 
range (BirdLife International 2018a).

Common Eider—With little variation in total 
numbers observed over the last three censuses (+8% 
between 2005 and 2010; −10% from 2010 to 2015), 
the population seems to have stabilized around its 
highest level on record (Figure 2c). Declines were 
noted in five MBSs and increases in four (Table 1). 
The situation of Common Eider on the North Shore 
(see also Troutet and Samson 2015) contrasts with the 
significant declining trend (−5%/year) observed in the 
St. Lawrence Estuary since 2003 (Lepage 2019).

Red-throated Loon—The total number of breeding 
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pairs levelled off close to the high count in 2010 (−4% 
between 2010 and 2015; Figure 2d). When the pres-
ence of Red Fox prevented loons from breeding on an 
island in the Îles Sainte-Marie MBS, pairs appeared 
to relocate to adjacent islands. Most nests (80%) are 
concentrated in the Îles Sainte-Marie and Îles aux 
Perroquets MBSs. From 1935 to 1955, fairly large 
numbers (24–70 individuals) of Red-throated Loon 
were also found in the Mécatina MBS, which was 
abolished in 1974.

Double-crested Cormorant—The 50% decrease 
from 2010 to 2015 may seem striking; however, Dou-
ble-crested Cormorant numbers in the MBSs may 
vary considerably between quinquennial censuses, 
and the actual population is still relatively large com-
pared with historical levels since 1925 (Figure 2e). 
Note also that the recent decline (−93% from 2010 to 
2015) is a result of the near abandonment of the larg-
est colony (1290 nests in 2010) on Île de l’Est (Îles 
Sainte-Marie MBS; Table 1). This in turn is likely 
the consequence of Red Fox repeatedly accessing the 
island; as cormorant nests there are built in low krum-
molz bushes or directly on the ground, they are vul-
nerable to mammalian predation.

Great Black-backed Gull—A population decline 
was observed for the third consecutive census. How-
ever, the recent decrease is rather marginal (−7% from 
2010 to 2015), and numbers rose at four MBSs and 
fell at six others (Table 1). The actual population size 
is very close to the average number of Great Black-
backed Gulls observed in the sanctuaries since 1925 
(Figure 2f). Since the end of the 1980s, however, pop-
ulations have shown major declines in most parts of 
southeastern Canada (Wilhelm et al. 2016). These 
declines have been associated with reduced ground-
fish fisheries, which had been providing abundant dis-
cards for gulls in the preceding decades (Wilhelm et 
al. 2016).

Atlantic Puffin—After a large decrease (−54%) 
between 1993 and 2010, the population now appears 
to have stabilized, as the recent slight increase in 
numbers (14% from 2010 to 2015) brought the pop-
ulation close to the level observed in 2005 (Figure 
2g). Although the latest increase at the largest colony 
(+26% at Baie de Brador MBS from 2010 to 2015) 
may appear reassuring, over 80% of the puffins are 
now concentrated in this sanctuary, and numbers 
dwindled (−58%; Table 1) to a record low at Baie des 
Loups MBS, where the species used to be nearly as 
abundant. From 1925 to 1955, breeding puffins were 
twice as abundant as they now are in North Shore 
MBSs (Figure 2g). Globally, since 2015, the spe-
cies has been listed as Vulnerable by the International 
Union for the Conservation of Nature (IUCN; Bird-
Life International 2018b) because of rapid declines 

across most of its European range. Factors affecting 
the species here are unknown, but Fayet et al. (2017) 
found that distance to wintering area was negatively 
linked with population productivity. Their study used 
geolocators, but unfortunately did not include birds 
from Quebec, and, as the species winters far offshore, 
little is known about its wintering range from banding 
data (Gaston et al. 2008).

Black Guillemot—Population trends were ex-
tremely variable among sanctuaries, but large de-
clines were observed where the species was most 
abundant (−70% and −81% at Île du Corossol and 
Gros Mécatina MBSs, respectively), so that the total 
number of individuals in all sanctuaries was halved 
(−49%) between 2010 and 2015 (Table 1). Although 
we recognize that estimates from counts of individu-
als may be subject to substantial variations (e.g., daily, 
seasonally, weather related; see Cairns 1979), such 
large declines are nonetheless enigmatic. The species 
is known to be particularly vulnerable to mammalian 
predators (Butler et al. 2020) and may be outcom-
peted by increasing numbers of Razorbill and Com-
mon Murre at mixed colonies. The highest counts of 
Black Guillemot were recorded from 1940 to 1950 
(Figure 2h), when about half of these birds (600–
840) were found in the Mécatina MBS alone. How-
ever, seabird populations in this sanctuary declined so 
much afterwards that it was abolished in 1974.

Herring Gull—Marginal to moderate declines 
were observed in nine of the ten MBSs (Table 1). In 
2015, the estimated total number of Herring Gulls 
breeding in the MBSs represents a 24% decrease from 
2010. On the other hand, it is only 15% lower than 
the average estimate from the previous four censuses 
(1993 to 2010; Figure 2i). This still suggests a stabili-
zation of the population, after the large-scale decline 
that occurred in the late 1980s to early 1990s on the 
North Shore (−70%; see Chapdelaine 1995; Chapde-
laine and Rail 1997) and elsewhere in Atlantic Can-
ada (Cotter et al. 2012; Wilhelm et al. 2016).

Great Cormorant—The two medium-sized colo-
nies noted in 2010 (78 and 39 nests at the Îles Sainte-
Marie and Gros Mécatina MBSs, respectively) were 
markedly smaller in 2015 (−81% and −59%, respec-
tively). However, a new colony of 17 pairs was found 
at the Îles aux Perroquets MBS, for an overall decline 
of −59% between 2010 and 2015 (Table 1). The spe-
cies was found breeding in three sanctuaries, but in 
such small numbers that its persistence in the North 
Shore MBSs now appears rather fragile. In 1930, it 
was found breeding in the Îles Sainte-Marie MBS, 
and the size of this colony peaked at 339 pairs in 1955 
(Figure 2j).

Arctic and Common Terns and Ring-billed Gull—
The total number of terns and Ring-billed Gulls in 



228	 The Canadian Field-Naturalist	 Vol. 135

Figure 2. Population trends among seabirds breeding in the migratory bird sanctuaries of the North Shore of the Gulf of St. 
Lawrence, 1925–2015, in order from least to most concern.

Tableau X.X - Tendances des populations d'oiseaux marins dans les ROMs de la Côte-Nord (tous les refuges inclus)
Refuge 1925 1930 1935 1940 1945 1950 1955 1960 1965 1972 1977 1982 1988 1993 1998-99 2005 2010 2015

4 Plongeon catmarin 24 26 106 90 94 104 82 51 46 + 42 64 76 66 82 92 102 98
15 Océanite cul-blanc 0 0 0 0 0 0 0 0 0 + + 234 1744 1840 718 0 72 0
10 Grand Cormoran 0 0 60 172 360 490 678 555 365 464 214 134 86 78 342 48 234 96

5 Cormoran à aigrettes 1364 1086 1168 810 784 432 730 563 724 925 452 1353 4558 3472 2830 3346 5489 2768
3 Eider à duvet 6450 8186 11190 11004 10304 8662 8688 11030 7979 + 2848 1718 8548 14548 13072 25716 27750 24960

12 Goéland à bec cerclé 270 376 344 396 835 200 2790 2401 300 448 1716 391 533 104 484 1893 934 220
9 Goéland argenté 1020 2642 3502 4512 5402 4682 6482 10932 18315 15140 10089 13487 22409 4879 4988 5914 6069 4608
6 Goéland marin 968 1302 1768 2966 1420 998 1724 1891 1594 1562 1392 1668 2201 2284 2427 1956 1645 1537

13 Mouette tridactyle 0 6 6 518 777 676 298 499 680 2760 3526 7506 8536 6294 3856 3994 2220 1344
14 Sterne Caspienne 60 90 84 66 90 0 76 45 10 2 3 7 15 0 0 3 3 2
11 Sternes sp. 852 1240 918 412 776 794 450 1342 1808 705 1470 1275 1982 545 394 3311 1023 403

2 Guillemot marmette 7240 8048 12208 12560 9368 11622 12294 11795 7150 5634 9235 14615 26049 30829 30124 14877 26337 33938
1 Petit Pingouin 10580 14488 7620 8896 8690 8274 18489 16216 14950 4315 2952 3572 7038 8389 14341 22472 36113 51781
8 Guillemot à miroir 320 750 836 1466 1524 1446 991 1020 908 526 517 473 531 411 788 928 831 427
7 Macareux moine 55550 62562 71914 65444 60010 60284 61700 23471 35273 24842 14716 30466 35142 46684 29133 25335 21585 24547

TOTAL 84698 100802 111724 109312 100434 98664 115472 81811 90102 57323 49172 76963 119448 120423 103579 109885 130407 146729
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Tableau X.X - Tendances des populations d'oiseaux marins dans les ROMs de la Côte-Nord (tous les refuges inclus)
Refuge 1925 1930 1935 1940 1945 1950 1955 1960 1965 1972 1977 1982 1988 1993 1998-99 2005 2010 2015

4 Plongeon catmarin 24 26 106 90 94 104 82 51 46 + 42 64 76 66 82 92 102 98
15 Océanite cul-blanc 0 0 0 0 0 0 0 0 0 + + 234 1744 1840 718 0 72 0
10 Grand Cormoran 0 0 60 172 360 490 678 555 365 464 214 134 86 78 342 48 234 96

5 Cormoran à aigrettes 1364 1086 1168 810 784 432 730 563 724 925 452 1353 4558 3472 2830 3346 5489 2768
3 Eider à duvet 6450 8186 11190 11004 10304 8662 8688 11030 7979 + 2848 1718 8548 14548 13072 25716 27750 24960

12 Goéland à bec cerclé 270 376 344 396 835 200 2790 2401 300 448 1716 391 533 104 484 1893 934 220
9 Goéland argenté 1020 2642 3502 4512 5402 4682 6482 10932 18315 15140 10089 13487 22409 4879 4988 5914 6069 4608
6 Goéland marin 968 1302 1768 2966 1420 998 1724 1891 1594 1562 1392 1668 2201 2284 2427 1956 1645 1537

13 Mouette tridactyle 0 6 6 518 777 676 298 499 680 2760 3526 7506 8536 6294 3856 3994 2220 1344
14 Sterne Caspienne 60 90 84 66 90 0 76 45 10 2 3 7 15 0 0 3 3 2
11 Sternes sp. 852 1240 918 412 776 794 450 1342 1808 705 1470 1275 1982 545 394 3311 1023 403

2 Guillemot marmette 7240 8048 12208 12560 9368 11622 12294 11795 7150 5634 9235 14615 26049 30829 30124 14877 26337 33938
1 Petit Pingouin 10580 14488 7620 8896 8690 8274 18489 16216 14950 4315 2952 3572 7038 8389 14341 22472 36113 51781
8 Guillemot à miroir 320 750 836 1466 1524 1446 991 1020 908 526 517 473 531 411 788 928 831 427
7 Macareux moine 55550 62562 71914 65444 60010 60284 61700 23471 35273 24842 14716 30466 35142 46684 29133 25335 21585 24547

TOTAL 84698 100802 111724 109312 100434 98664 115472 81811 90102 57323 49172 76963 119448 120423 103579 109885 130407 146729
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the North Shore MBSs decreased by 61% and 76%, 
respectively, between 2010 and 2015 (Table 1). 
The abundance of these species is characterized by 
extreme fluctuations between censuses (Figure 2k–l), 
as colonies of all sizes move in and out of the MBSs 
and new colonies are found while others are aban-
doned. Thus, such small population levels as those 
of 2015 have been observed in the past and are not 
necessarily indicative of a longer-term decline. The 
Mingan Archipelago National Park Reserve, a much 
wider area that includes the Betchouane and Watsh-
ishou MBSs, stretches along 152 km of coastline and 
encompasses over 1000 islands; it provides the most 
representative results for terns on the North Shore of 
the Gulf of St. Lawrence. Yet, the park’s large tern 
population remained quite stable from 2009 to 2019, 
at around 4500 pairs, and shows a 20% increase since 
1999 (Abgrall and Langlois 2019).

Black-legged Kittiwake—The Île du Corossol MBS  
has always been the stronghold for Black-legged Kit-
tiwake on the North Shore. However, with a fifth con-
secutive decrease (−67% between 2010 and 2015), 
for the first time since this MBS was created in 1937, 
it no longer holds the largest kittiwake colony. The 
only positive trend was observed in the Betchouane 
MBS where a small colony (126 pairs in 2015) is 
doing well (+334%; Table 1). The overall decline of 
84% in the MBSs since 1988 is troubling, as there is 
no indication of it slowing down, and there are only a 
few hundred (n = 672) pairs left (Figure 2m). Long-
term large-scale declines are also occurring elsewhere 
in the species’ core breeding distribution in eastern 
Canada, i.e., Gaspé Peninsula (−52% between 1989 
and 2018; Canadian Wildlife Service unpubl. data), 
Anticosti Island (−90% from 1985 to 2019; Cana-
dian Wildlife Service unpubl. data), and Newfound-
land (Cotter et al. 2012). The species, which has 
been listed as Vulnerable by the IUCN since 2017 
(BirdLife International 2018c) because of continu-
ing declines in large parts of its global range, appears 
affected by ocean warming rates and trophic shifts in 
the Atlantic (Descamps et al. 2017).

Caspian Tern—Two adults and one nest were 
found in 2015, confirming that the species still breeds, 
sporadically, at the Île à la Brume MBS. In 2005 and 
2010, three birds, presumably breeders (but no nest), 
had been observed after no detection of the species in 
1999 and 1993. The Îles à la Brume MBS is the only 
site where the species breeds regularly in Quebec. 
Between 1925 and 1945, 60–90 birds were observed 
during the quinquennial censuses (Figure 2n). This 
tiny and isolated colony appears fragile, especially as 
Caspian Terns are particularly vulnerable to human 
disturbance (Cuthbert and Wires 2020), and the site 
is probably visited by people from local communities. 

Moreover, as Caspian Terns often nest among Ring-
billed Gulls, the near disappearance of the latter spe-
cies on Île à la Brume MBS may represent a lost 
opportunity for Caspian Terns to breed.

Leach’s Storm-Petrel—No active nests were found 
in 2015, as in 2005. However, given the small size 
of the entrance to this species’ burrows, which can 
be easily missed in vegetation, it may still breed on 
Île du Corossol MBS, because 36 occupied burrows 
were counted there in 2010. However, the species is 
obviously less abundant now than in the 1980s and 
early 1990s, when with minimal effort, up to 900 
active burrows were found in colonies at four MBSs: 
Île du Corossol, Baie des Loups, Îles aux Perroquets, 
and Îles Sainte-Marie. Burrows were noted in 1972 
and their number first estimated in 1982 (Figure 2o), 
but breeding storm-petrels have probably been pres-
ent since the sanctuaries were created. The species 
was globally listed as Vulnerable in 2018, because of 
worldwide declines (BirdLife International 2018d). 
In November 2020, the Atlantic population in Can-
ada was assessed as Threatened by the Committee on 
the Status of Endangered Wildlife in Canada (SARA 
Registry 2021). It is known to be particularly vulner-
able to mammalian predation, and American Mink 
(Neovison vison) and Red Fox have been seen for 
the first time on Île du Corossol in recent years. On 
a brighter note, audio recordings from Île aux Perro-
quets, in the Baie de Brador MBS, suggest that storm-
petrels might breed there (e.g., 74 chatter calls [see 
Pollet et al. 2020] between 0100 and 0200 on 28 June 
2015). There is no previous breeding record for this 
species there, but again, Leach’s Storm-Petrel bur-
rows may be difficult to detect and identify through 
the vegetation, especially among nearly 10 000 puf-
fin burrows.
Conclusions

Our results highlight, once again, the precarious-
ness of the status of Caspian Tern and Leach’s Storm-
Petrel breeding populations in North Shore MBSs. 
The main threats they potentially face (disturbance 
and egg harvest for the former, invading American 
Mink and Red Fox for the latter) should be addressed 
before these species vanish permanently from the 
sanctuaries. Black-legged Kittiwake is another spe-
cies of concern, showing a fast and steady decline 
since 1988. Compared with historical levels since 
1925, the seabird community appears generally 
healthy in some MBSs (e.g., Baie de Brador, Îles aux 
Perroquets, and Îles Sainte-Marie). However, sea-
bird numbers are obviously declining and not recov-
ering at others, particularly alcids at Île à la Brume 
and Baie des Loups MBSs, and Common Eider at 
Saint-Augustin MBS. We found some evidence and 
reported facts suggesting that human disturbance and 
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harvest of seabirds (eggs and birds) could still be the 
main limiting factors in these areas. Seabird popula-
tion monitoring, wildlife law enforcement, and rais-
ing public awareness all remain important challenges 
to ensure the conservation of seabird populations in 
such a huge and remote area as the North Shore.
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Abstract
Introduced earthworms alter the trajectory and composition of plant communities, for example, through their feeding, bur-
rowing behaviour, and interactions with seeds. High densities of several earthworm species may decrease native biodivers-
ity and disrupt restoration efforts in tallgrass prairies. This affects efforts to conserve and restore such habitat, which is of 
high conservation and restoration priority in eastern North America and typically restored through seeding events. To date, 
Lumbricus terrestris (Lumbricidae) and other species have remained largely undocumented in tallgrass prairies. We surveyed 
22 tallgrass prairie sites in southern Ontario, Canada, to document earthworm density and species. Lumbricus terrestris was 
found at all sites. The average density was 66 ± 91 (SD) earthworms/m2 across our sampling plots, mostly juveniles (~94%). 
The number of all earthworms per plot significantly increased with the number of earthworm middens in each plot (χ2

1 = 4.50, 
P = 0.034). Prairies with a large number of middens had high earthworm density, but middens alone appear to explain little 
variation in our data (linear mixed-effects model, marginal R2 = 0.12) meaning there are other biologically important factors 
that affect their density. However, we found no effects of soil pH, organic matter content, or texture on the number earth-
worms per plot suggesting that earthworms can invade a range of tallgrass prairie soils with pH values between 5.27 and 7.67.
Key words: Earthworm invasion; invasive species; Lumbricus terrestris; restoration ecology; tallgrass prairie restoration

Introduction
Agriculture, urban development, and woody 

encroachment have reduced the tallgrass prairie eco-
system in North America to less than 1% of its his-
torical area (Bakowsky and Riley 1994; Samson and 
Knopf 1994). In southern Ontario, Canada, tallgrass 
prairie likely once covered 800–2000 km2, but now 
typically exists as small, isolated parcels (Bakowsky 
and Riley 1994; Rodger 1998). These parcels are 
composed of plants that are unique to the tallgrass 
prairie ecosystem and provide rare habitat for native 
biodiversity (Morgan et al. 1995). Active restoration 
of tallgrass prairie is ongoing, often on former crop-
lands, with the aim of re-establishing native vegeta-
tion communities through seeding (Kindscher and 
Tieszen 1998). Restoration sites vary in size and 
connectivity, but most are <0.03 km2 and isolated 
(Bakowsky and Riley 1994). The success of tallgrass 
prairie restoration efforts has been mixed, as restor-
ing historical, highly diverse vegetation communities 

may take a long time (Kindscher and Tieszen 1998). 
The richness of native plant species in restored tall-
grass prairie is usually lower than in remnant parcels 
and often declines over time, whereas the richness of 
exotic plants is higher and increases with time (Leach 
and Givnish 1996; Sluis 2002; Camill et al. 2004; 
Martin et al. 2005; McLachlan and Knispel 2005).

Earthworms (Oligochaeta: Lumbricidae) are in-
fluential soil macro-organisms. As a result of their 
high consumption rates, burrowing activity, and large 
body sizes, they alter fundamental ecosystem pro-
cesses, such as nutrient cycling, water infiltration, 
rates of decomposition, and seedbank conditions; this 
affects the availability of resources for other soil biota  
and influences vegetative communities (Brown 1995; 
Edwards and Bohlen 1996; Forey et al. 2011). In 
the context of tallgrass prairie restoration, which is 
typically initiated by a single seeding event, the im-
pact of introduced earthworms on seed dispersal and 
consumption may be exacerbated. Earthworms are 
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increasingly recognized as important and under-stud-
ied seed predators (Eisenhauer et al. 2010; Forey et 
al. 2011; Drouin et al. 2014) that affect the dispersal, 
survival, and establishment of seeds through selec-
tion pressure (Forey et al. 2011; Clause et al. 2016). 
This pressure includes selective ingestion as well as 
digestion and egestion (Shumway and Koide 1994; 
Eisenhauer et al. 2009; Clause et al. 2016; McTavish 
and Murphy 2019), accelerated or inhibited germina-
tion (Decaëns et al. 2003; Clause et al. 2011), and 
transport of seeds (McRill and Sagar 1973; Thomp-
son et al. 1994). Thus, earthworms have direct effects 
on the composition and function of plant commu-
nities, but these vary by ecosystem, and species– 
specific interactions are common (Shumway and 
Koide 1994; Eisenhauer et al. 2009; Clause et al. 
2016; Craven et al. 2016). These effects compound 
other post-dispersal challenges to seed establishment, 
e.g., granivory by birds, rodents, and insects; com-
petition with ruderal weeds; and water availability 
(Moles and Westoby 2006; Eisenhauer and Scheu 
2008; Forey et al. 2011). Thus, it is critical to under-
stand the distribution and density of earthworms to 
effectively manage and restore invaded ecosystems.

Although earthworms did not survive the Wiscon-
sin glaciation that receded approximately 11 000 years 
ago in Canada and the northern United States (Gates 
1982; Reynolds 1994; Edwards and Bohlen 1996), 
21 species have been recorded in Ontario. Of these, 
19 are introductions from Europe and Asia, while the 
other two suspected native species, Bimastos parvus 
Eisen and Sparganophilus tamesis Benham, are pro-
vincially rare and known exclusively from arboreta 
and aquatic or semi-aquatic mud, respectively (Reyn-
olds 2014). Introduced earthworms can expand their 
range naturally by only 5–10 m/year (Marinissen 
and van den Bosch 1992); consistent with their ori-
gin, most introduced earthworms expand their range 
because humans move them (soil and bait movement; 
Callaham et al. 2006; Hale 2007). Despite human 
dispersal (Edwards and Bohlen 1996), the distribu-
tion of earthworms is limited by soil pH, texture, and 
moisture as well as food availability (i.e., leaf litter, 
vegetation, and consolidated organic matter) and tem-
perature (Guild 1952; Murchie 1958).

Previous work on Ontario earthworms has fo-
cussed on compiling individual observations to cre-
ate a province-wide map of distribution by species 
(Reynolds 1977, 2011a,b; Reynolds and Reynolds 
1992) and earthworm-driven changes in forest eco-
systems (Cassin and Kotanen 2016; Jennings and 
Watmough 2016; Choi et al. 2017). Although the neg-
ative effects of industrial tillage practices on earth-
worm populations in agricultural fields are well 
established (Clapperton et al. 1997; VandenBygaart et 

al. 1999; Simonsen et al. 2010; Briones and Schmidt 
2017), there is neither an estimate of the average bio-
mass of earthworms in Ontario soils nor a compre-
hensive survey of earthworm species, densities, and 
biomass. Such surveys can be difficult if earthworms 
in samples are mostly juveniles (e.g., as in surveys of 
deadwood in forests; Ashwood et al. 2019), which are 
difficult to identify to species.

Although the establishment and spread of non-
native earthworm species in North America has been 
occurring for centuries, we are only beginning to 
understand their current distribution (Phillips et al. 
2019). Lumbricus terrestris (Lumbricidae) appears 
to be widely distributed (Addison 2009), perhaps 
because it is commonly used as fishing bait (Keller 
et al. 2007). Research conducted in the midwestern 
United States (e.g., Callaham et al. 2001, 2003; Loss 
et al. 2017) can be relevant to Ontario because the 
two areas are part of the current northern range limit 
of tallgrass prairie. However, research is still needed 
in Ontario because Canada and the northern United 
States had few widespread native earthworm com-
munities following glaciation (Reynolds 2014), the 
northern tallgrass prairie plant community of Ontario 
forms a distinct subtype (Rodger 1998), and Ontario 
tallgrass prairie conservation remnants and restora-
tions occur on a small scale (e.g., <1 ha; Bakowsky 
and Riley 1994).

Introduced earthworms have severely impacted 
North American ecosystems and tallgrass prairies 
in southern Ontario may experience similar effects 
of earthworm invasion, specifically changes in plant 
composition and desired trajectory in restored sites. 
The objectives of this study were (1) to determine 
the densities of earthworms in tallgrass prairies of 
southern Ontario, (2) to document the species of 
earthworms found in tallgrass prairies, and (3) to 
summarize the relationship between earthworm 
numbers and soil properties to provide some direc-
tion on where and how to focus tallgrass prairie res-
toration efforts.

Methods
For sampling earthworm populations, we selected 

22 tallgrass prairie sites, including five remnant, two 
restored-remnant, and 15 restored sites in southern 
Ontario, Canada (Table 1, Figure 1). Restored-rem-
nant sites describe prairie that has re-established unex-
pectedly from the seedbank following accidental fire 
or large-scale brush cutting. To represent the diver-
sity of tallgrass prairie sampling sites across southern 
Ontario, we selected sites that varied in geographic 
range, management history, restoration age, adjacent 
land use, parcel size, and soil characteristics. Study 
site vegetation communities included ruderal weeds, 
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invasive plant species, and expected southern Ontario 
tallgrass prairie plants including grasses (Poaceae), 
such as Big Bluestem (Andropogon gerardi Vitman), 
Yellow Indiangrass (Sorghastrum nutans (L.) Nash), 
Switchgrass (Panicum virgatum L.), Little Bluestem 
(Schizachyrium scoparium (Michaux) Nash), and 
Canada Wildrye (Elymus canadensis L.) as well as 
forbs, such as Wild Bergamot (Monarda fistulosa L.; 
Lamiaceae), Virginia Mountain-mint (Pycnanthemum 
virginianum (L.) B.L. Robinson & Fernald; Lamiac-
eae), Black-eyed Susan (Rudbeckia hirta L; Astera-
ceae), Grey-headed Prairie Coneflower (Ratibida pin-
nata (Ventenat) Barnhart; Asteraceae), Asclepias spp. 
L. (Apocynaceae), Beardtongue (Penstemon spp. 
Schmidel; Plantaginaceae), Round-headed Bush-clo-
ver (Lespedeza capitata Michaux; Fabaceae), Dense 
Blazing-start (Liatris spicata (L.) Willdenow; Astera-
ceae), Symphyotrichum spp. Nees (Asteraceae), 

Solidago spp. L. (Asteraceae), and Desmodium spp. 
Desvaux (Fabaceae).

Fieldwork was conducted 10–25 October in 2015 
and 3–30 October in 2016. Five plots per site in 2015 
and ten plots per site in 2016 were pre-assigned using 
satellite imagery to distribute sampling plots evenly 
across the entire prairie area and not within 10 m of 
any edge. Because of a severe flooding event that led 
to standing water on the sampling area at six sites 
(three restored, three remnant) in 2016, the data pre-
sented for these sites are from 2015 only. Field sam-
pling was conducted during the day when soil tem-
peratures were above 10˚C and no rain had fallen in 
the previous 24 h.

At each site, earthworms were collected from 
one 20 × 20 cm plot using a mustard liquid extrac-
tion technique (Lawrence and Bowers 2002). Plot 
boundaries were marked with a plastic frame. At plots 

Table 1. Site characteristics and management history of restored and remnant tallgrass prairies sampled for earthworms in 
southern Ontario, Canada.

Site 
no. Location* Area, 

ha Status
Adjacent 

land  
use†

Year res-
toration 
started

Method  
of 

restoration

Most  
recent  
burn

Site management practice

Herbi- 
cide

Removal 
of woody 

plants
Grazed

1 Windsor 17.5 Remnant P, H — — 2010 — — —
2 Cambridge 1.2 Remnant P, H, A — — 2010 — Yes —
3 Windsor 1.3 Remnant I, P, H — — 2012 Yes Yes —
4 Windsor 1.9 Remnant I, P, H — — 2014 Yes Yes —
5 East Gwillimbury 3.5 Remnant P, H — — — — Yes —
6 Brantford 3.3 Restored-

remnant
P, H 2006 Seeded 2015 — Yes —

7 East Gwillimbury 0.6 Restored-
remnant

P, H 2015 — — Yes — —

8 Oakville 3.3 Restored P, A, H 2015 Seeded — Yes Yes —
9 Windsor 1.6 Restored I, H, A, E 2013 Seeded — — — —

10 Windsor 0.3 Restored I, H 2013 Planted — Yes — —

11 Windsor 2.1 Restored I, H 2013 Seeded + 
planted

— Yes — —

12 Cambridge 1.2 Restored P, E, H, A 2006 Seeded + 
planted

2010 Yes Yes —

13 Chatham-Kent 21.5 Restored A, I 2010 Seeded — Yes Yes —
14 Middlesex County 2.0 Restored A, P 2011 Seeded — Yes Yes Yes
15 Norfolk County 36.0 Restored P, A 2013 Seeded — Yes Yes —
16 Norfolk County 14.5 Restored P, A 2012 Seeded — Yes Yes —
17 Norfolk County 14.0 Restored P, A 2011 Seeded — Yes Yes —
18 Oakville 6.1 Restored P, I, H 2012 Seeded — Yes — —
19 Oakville 6.0 Restored P, I, H 2013 Seeded — Yes — —
20 Oakville 6.3 Restored P, I, H 2014 Seeded — Yes — —
21 Cambridge 16.0 Restored P, H 2010 Seeded 2015 — — —
22 North Dumfries 23.5 Restored P, A 2011 Seeded 2015 — Yes —

*Specific latitude and longitude of sample sites are not provided because of data sensitivity and research permit requirements.
†H = suburban housing, P = protected area, E = resource extraction, A = agriculture, I = major infrastructure.
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with litter cover, the surface litter was first removed 
and searched for earthworms. Then, 2 L of mustard 
solution (10 g of hot mustard powder [Weston Inc., 
Bulk Barn, Aurora, Ontario, Canada] per litre of dis-
tilled water) was applied to the plot over 10 min, and 
emerging earthworms were collected for the follow-
ing 15 min. As we were unable to reliably identify 
juveniles (i.e., sub-adult but ≥2 cm long) to species 
level based on physical traits alone, body length and 
counts were used to characterize the earthworm pop-
ulations. Each earthworm was allowed to become 
active in a collection container before its length was 
measured. We assumed that annelids <2 cm long and 
white were not earthworms but rather Enchytraeidae 
(i.e., microdriles, Oligochaeta: Annelida) and, thus, 
they were not counted.

Adult earthworms were identified by the presence 
of the clitellum. At each sampling site, a voucher 
specimen of any adult earthworm that could not be 
identified in the field was collected and immediately 
placed in a 75% isopropyl alcohol solution to obtain 
minimum species counts (i.e., the number of identifi-
able species) for each site. After being identified using 
physical attributes (Hale 2007), adult specimens were 

donated to The Barcode of Life project at the Uni-
versity of Guelph and are curated at that institution. 
The adult earthworms identified were used to create 
a minimum species list, which represents the lowest 
number of species that have been verified to occur at 
our sampling sites.

Lumbricus terrestris creates a permanent or semi-
permanent vertical burrow system that may extend 
several metres into the soil profile and is likely to be 
under-sampled using extraction methods appropriate 
for most other earthworm species (Hamilton and Sill-
man 1989; Edwards and Bohlen 1996). To achieve a 
representative sampling of this species, we counted 
the number of middens that were contained wholly or 
in part within each 20 × 20 cm sampling plot. Mid-
dens are unique to this species in southern Ontario 
and occur as distinctive piles of cast, organic, and 
inorganic materials that an individual L. terrestris cre-
ates around the opening to its vertical burrow (Butt 
and Grigoropoulou 2010; Stroud et al. 2016).

To quantify soil characteristics at each site, three 
soil samples were collected within 20 cm of each 
sampling plot using a 3-cm diameter soil corer to a 
depth of 20 cm after the application of 2 L of mustard 

Figure 1. Earthworm sampling locations in restored ( ), remnant ( ), and restored-remnant ( ) tallgrass prairies in south-
ern Ontario, Canada.
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solution. Soil samples were stored in a sample bag 
(Whirl-Pak, Madison, Wisconsin, USA) and fro-
zen until processing. Soil cores from each plot were 
homogenized and subsampled for analysis of pH, 
organic matter content, and texture following proto-
cols by McKeague (1978).

Data were analyzed using R version 4.0.3 (R Core 
Development Team 2020). We tested the effects of 
soil pH, soil texture, soil organic matter content, and 
midden area on the number of all earthworms per 
plot (i.e., density, including juveniles) using a lin-
ear mixed-effects model (LMM). In the LMM, soil 
pH, soil texture, soil organic matter content, and mid-
den area were fixed effects, and site was used as a 
random effect to account for the repeated measures 
within each tallgrass prairie site. Model fit was deter-
mined by assessing constancy of variance and nor-
mality of residuals using graphical methods. This 
model did not meet our assumptions of constancy of 
variance and normal residuals, so we log(x + 1) trans-
formed the number of all earthworms (including juve-
niles) per plot, which accounted for heteroscedastic 
and non-normal residuals. Marginal and conditional 
R2 values were calculated using the r.squaredGLMM 
function in the “MuMIn” package (Bartoń 2020). We 
used the ggpredict function in the “ggeffects” pack-
age (Lüdecke 2018) to compute marginal effects of 
the number of middens per plot on the number of 
all earthworms per plot. Data were then back-trans-
formed for graphical representation and graphed 
using the package “ggplot2” (Wickham 2016). All 
means are presented with ± 1 SD.

Results
Soil properties varied across the sampling plots: 

soil pH 5.27–7.67, mean 6.27 ± 0.68. Soil textures 
across our study sites ranged from sand to silty clay. 
Organic matter content was 1.7–4.3% and averaged 
3.0 ± 1.0% across our sampling plots. The percent-
age of sand, clay, or silt had no significant effect on 
the number of all earthworms (including juveniles) 
per plot in tallgrass prairie soils (sand: χ2

1 = 1.96, P = 
0.161; clay: χ2

1 = 1.95, P = 0.163; silt: χ2
1 = 1.96, P = 

0.161). There were also no significant effects of soil 
pH (χ2

1 = 0.12, P = 0.728) or soil organic matter con-
tent on the number of all earthworms per plot (χ2

1 = 
2.49, P = 0.115).

Earthworms were found at every tallgrass prai-
rie site in this study. Species included Allolobophora 
chlorotica (process ID: HCOEW026-17, sample 
ID: BIOUG32056-C02), Aporrectodea longa (pro-
cess ID: HCOEW012-17, sample ID: BIOUG32056-
A12), Aporrectodea rosea (process ID: HCOEW005-
17, sample ID: BIOUG32056-A05), Aporrectodea 
tuberculata (process ID: HCOEW009-17, sample ID: 

BIOUG32056-A09),  Dendrobaena octaedra (process 
ID: HCOEW015-17, sample ID: BIOUG32056-B03), 
Lumbricus rubellus (process ID: HCOEW001-17, 
sample ID: BIOUG32056-A01), L. terrestris (process 
ID: HCOEW029-17, sample ID: BIOUG32056-C05), 
Octolasion tyrtaeum (process ID: HCOEW003-
17, sample ID: BIOUG32056-A03), and the Apor-
rectodea caliginosa species complex (process ID: 
HCOEW019-17, sample ID: BIOUG32056-B07). 
DNA barcoding analysis could not distinguish 
between several species in the A. caliginosa species 
complex, so we list this species here. We consider A. 
longa and A. tuberculata, as well as Aporrectodea tur-
gida, to be part of the A. caliginosa species complex. 
Lumbricus terrestris was the only species observed at 
every site. We report the first record of D. octaedra 
in Waterloo Region, Ontario, Canada, and L. rubel-
lus in Halton Region, Ontario, Canada. Voucher spec-
imens were deposited at the Biodiversity Institute of 
Ontario, University of Guelph. No native earthworms 
were identified in this study. Earthworm species rich-
ness (based on adults) at each site varied between one 
and five species per site. On average, we found 3 ± 1 
earthworm species in each tallgrass prairie.

The total number of all earthworms per site 
(including juveniles) varied between five and 108 
(Table 2), with a mean count of 37 ± 29 earthworms 
across all sites. The earthworm density across our tall-
grass prairie sites was 8–346 earthworms/m2 (aver-
age 66 ± 91 earthworms/m2). Most of the earthworms 
found were juveniles (94.0 ± 6.5%). The highest per-
centage of adult earthworms (17%) was found in site 
11, a restored tallgrass prairie with clay loam soil 
adjacent to suburban housing and other major infra-
structure (Table 1). At eight sites, no adult earth-
worms were collected (Table 2).

The distribution of earthworm size classes varied 
considerably among sampling sites. Earthworms 5.0–
9.9 cm were the most abundant overall (39.3 ± 15.7%, 
absent from four sites), followed by 1.0–4.9 cm (32.5 
± 25.0%, absent from one site), 10.0–15.0 cm (23.4 
± 24.6%, absent from three sites), and >15 cm (4.9 ± 
6.3%, absent from 10 sites; Figure 2).

The number of middens per plot varied from zero 
to 10, with an average of 3 ± 2 middens per plot. The 
number of all earthworms per plot (including juve-
niles) significantly increased with the number of mid-
dens (χ2

1 = 4.50, P = 0.034; Figure 3). However, fixed 
effects in the LMM, such as the number of middens 
per plot, explained little variation in our data (mar-
ginal R2 = 0.12). Most of the variance was explained 
by the full model (i.e., both fixed and random effects; 
conditional R2 = 0.63).
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Discussion
Introduced earthworms were found in all the 

tallgrass prairie sites that we examined in southern 
Ontario, Canada. The earthworms we found likely 
underrepresent the number of endogeic and anecic 
species in particular because of the vertical stratifi-
cation of earthworm communities, their phenology, 
and our choice of sampling method (Edwards and 
Bohlen 1996). Because we found earthworms at all 
sites and in all plots at an average density of 66 ± 91 
earthworms/m2, we suspect that earthworms are now 
important macrofauna in southern Ontario tallgrass 

prairie soils compared to before their introduction 
(Forey et al. 2011).

Comparisons among studies of earthworm popula-
tions are complicated by variations in timing, method 
of collection, and their uneven distribution. Hand 
sorting is usually considered superior to other meth-
ods for quantifying earthworm populations; in com-
parison, the mustard extraction method will tend to 
underestimate numbers (Pelosi et al. 2009). The main 
argument against hand extraction is that it necessi-
tates digging up, breaking apart, and sieving an entire 
column of soil for each sampling plot (Nordström 
and Rundgren 1972). This has consequences for the 

Figure 3. Relationship between the number of all earthworms (including juveniles ≥2 cm long) per plot and number of mid-
dens per plot in tallgrass prairies in southern Ontario. The solid line shows the predicted values computed using the R func-
tion ggpredict.

Figure 2. Percentage of earthworms (EW) in each body size class in tallgrass prairies sampled across southern Ontario, Canada.
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sampling plot, including homogenization of the soil 
profile and disturbance of plant root networks, fun-
gal hyphae, and soil-dwelling organisms. In con-
trast, mustard extraction is a low-disturbance method 
particularly suitable for use in sensitive, conserva-
tion-focussed habitats. Although we anticipated low 
earthworm densities as a result of using the mustard 
solution extraction method, we found densities simi-
lar to those documented in other ecosystems (Shakir 
and Dindal 1997; Price and Gordon 1998; Bohlen et 
al. 2004).

It was not surprising to find that the number of 
middens was related to the number of all earthworms 
per plot (including juveniles). Although the number 
of earthworms was poorly correlated with the num-
ber of middens in our tallgrass prairie plots (i.e., lit-
tle variation in our data was explained), middens may 
be centres of activity for other earthworm species, 
meaning that the invasion of L. terrestris may facil-
itate introductions of other species (Butt and Lowe 
2007). Therefore, plots with more middens could be 
expected to contain higher numbers of earthworms, 
including species other than L. terrestris. Middens 
may provide some indication of earthworm density 
in tallgrass prairies as observed in forests ecosystems 
(Loss et al. 2013); thus, assessing midden prevalence 
may be a cost-effective and low-impact approach to 
determining whether an alternative planting method 
is needed for tallgrass prairie restoration (e.g., plug-
ging in addition to seeding).

If there was temporal bias from sampling only in 
October, we would have expected to see earthworms 
that were similar in size and of the same species. 
The high percentage of juvenile earthworms of vary-
ing size recorded in this study suggests that the pop-
ulations we sampled are persistent and successfully 
reproducing. Whereas some species can only breed 
sexually (e.g., earthworms in the genera Lumbricus), 
many others can reproduce parthenogenetically (e.g., 
Octolasion and Dendrobaena spp.; Edwards and 
Bohlen 1996). With this reproductive flexibility, we 
suspect that the earthworm populations we found are 
either resilient to stochastic disturbances, such as the 
prolonged flooding or fire events that have occurred in 
our tallgrass prairie sites (e.g., by escaping flooded or 
burned areas), and/or have recolonized from nearby 
areas post-disturbance. If this is the case, earthworms 
now represent a persistent and dominant soil fauna in 
tallgrass prairies in southern Ontario, which compli-
cates our capacity to manage and restore these eco-
systems, especially because of earthworms’ potential 
to damage seeds.

We found that L. terrestris density was similar 
across a range of tallgrass prairie sites. Although we 
specifically analyzed site history (i.e., remnant versus 

restored tallgrass prairie), that does not appear to influ-
ence susceptibility to invasion based on our data. As 
such, restoration efforts in all sites may require high-
density broadcasting of seeds to account for the rela-
tively high density of earthworms that will ingest and 
transport seeds. Because we did not observe effects 
of soil texture or soil pH on earthworm density, our 
work suggests that ecosystems previously consid-
ered resistant to earthworm invasion (e.g., sandy and 
acidic soils; Frelich et al. 2006) should be monitored 
for earthworm introductions, and proactive planning 
may be a necessary component of restoration efforts 
in ecosystem management plans.

New research using nested polymerase chain 
reaction to improve detection of earthworm DNA 
is promising for early detection and rapid response 
to introduced earthworms, but has yet to be widely 
implemented (Jackson et al. 2017). If viable, this 
approach would be effective in generating a compre-
hensive survey of earthworm distribution and antici-
pating future earthworm spread. This is particularly 
important in the context of tallgrass prairie restoration 
because plant community trajectory and composition 
are affected by earthworm species-specific interac-
tions with seeds, including ingestion and digestion, 
accelerated or inhibited germination, and seed trans-
port through the soil profile (McRill and Sagar 1973; 
Shumway and Koide 1994; Thompson et al. 1994; 
Decaëns et al. 2003; Eisenhauer et al. 2009; Clause 
et al. 2011, 2016).
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Abstract
White-footed Deer Mouse (Peromyscus leucopus) and the closely related, and more northerly ranging, Deer Mouse 
(Peromyscus maniculatus) broadly overlap in distribution and are often difficult to distinguish from each other. Based on 
molecular genetic data (cytochrome b gene), we report two new distribution records for P. leucopus for New Brunswick, 
Canada, the first mainland localities for this species in the province. Previous sampling of Peromyscus in New Brunswick 
may have overlooked the presence of P. leucopus, possibly because the specimens collected were all assumed to be P. 
maniculatus. However, current detection in New Brunswick may be part of a broader recent northward range expansion 
documented to be underway in P. leucopus. Although our use of a single mitochondrial gene to identify P. leucopus does not 
eliminate the possibility that the New Brunswick specimens are of hybrid origin, our results support the presence of P. leuco-
pus in New Brunswick and suggest more detailed analyses will be required to determine the nature of any genetic interaction 
between P. leucopus and P. maniculatus in the province. Recognition of morphologically cryptic Peromyscus in southern 
New Brunswick also emphasizes the need to incorporate comprehensive methods to ensure the correct identification of speci-
mens of this genus in Maritime Canada. We also note the potential implications of this discovery with respect to the incidence 
of Lyme disease in New Brunswick.
Key words: Distributional range; Peromyscus; White-footed Mouse; New Brunswick distribution; Lyme disease

White-footed Deer Mouse (Peromyscus leuco-
pus) is one of several species of Nearctic rodents in 
the speciose genus Peromyscus. The species tolerates 
variable environmental conditions, but is most abun-
dant in warm, wooded-shrubby habitats (Kaufman 
et al. 1983). Compared with the closely related 
Deer Mouse (Peromyscus maniculatus), P. leucopus 
has a less northward-ranging distribution in eastern 
Canada; the extent of the species’ northern range is 
believed to occur across southern Ontario and Que-
bec, with a disjunct Maritime population confined to 
Nova Scotia (Hall 1981; Forbes et al. 2010). 

Recent studies have documented P. leucopus in 
new localities in northeastern North America, which 
suggests the species is undergoing a northward range 
expansion, perhaps in response to climate warming 
(Roy-Dufresne et al. 2013; Fiset et al. 2015; Gar-
cia-Elfring et al. 2017). Huynh et al. (2021) recently 

documented the presence of P. leucopus on Grand 
Manan Island, based on specimens taken in 2011 
and identified via molecular genetic methods. Those 
vouchers represented the first New Brunswick reports 
and emphasized the need to establish whether the spe-
cies was present on the adjacent mainland. Here we 
report the first evidence for P. leucopus on mainland 
New Brunswick, likewise supported by molecular 
genetic data, and discuss wildlife management impli-
cations of this information.

In 2013–2014, Peromyscus spp. were collected 
from various localities throughout New Brunswick 
using museum special snap traps (Woodstream Cor-
poration, Lititz, Pennsylvania, purchased from For-
estry Suppliers, Inc., Jackson, Mississippi, USA) and 
Sherman live traps (BioQuip Products, Inc., Rancho 
Dominguez, California, USA). Mice were collected 
from several trap lines of 100–125 traps deployed 
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at ~5-m intervals in microhabitats (e.g., entrance to 
burrows, runways) that appeared suitable for Pero-
myscus. All specimens (n = 92) were prepared as 
traditional museum vouchers (skin and skull), with 
tissues extracted and preserved in 95% ethanol and 
archived in the New Brunswick Museum frozen tis-
sue collection. 

Genomic DNA was extracted from subsam-
ples of frozen tissues at the Canadian Rivers Insti-
tute Genomics Laboratory using an OMEGA DNA 
extraction kit (Omega Bio-tek, Inc., Norcross, Geor-
gia, USA). DNA samples were subsequently stored in 
elution buffer (Tris) and archived at −80°C. The entire 
cytochrome b gene (1143 base pairs) for almost all 
specimens was amplified via polymerase chain reac-
tion (PCR) using primers MVZ05 (Smith and Patton 
1993) and PERO3′ (Tiemann-Boege et al. 2000). The 
PCR thermal profile consisted of the following: initial 
denaturation at 95°C for 2 min, followed by 35 cycles 
of denaturation at 95°C for 1 min, annealing at 51°C 
for 1 min, and extension at 72°C for 2 min, with a 
final extension at 72°C for 7 min. PCR products were 
subjected to electrophoresis on a 1% agarose gel and 
then viewed on a molecular imager (ChemiDoc XRS+ 
Gel Imaging System, Bio-Rad Laboratories, Mon-
tréal, Quebec, Canada) to confirm successful ampli-
fication of the target gene. 

The PCR products were then shipped to Genome 
Quebec for Sanger sequencing. Resulting sequences 
were aligned (using ClustalW, a standard general 
purpose software program for aligning nucleotide 
sequences) and proofed using the program MEGAX 
(Kumar et al. 2018); chromatograms were examined 
to verify all base changes. Sequences were then input 
into BLAST (Basic Local Alignment Search Tool, 
developed by the National Center for Biotechnol-
ogy Information) to ascertain species identity (i.e., 
P. maniculatus or P. leucopus) and to compare with 
other Peromyscus sequences. Among the 85 samples 
sequenced (seven of the original 92 did not produce 
suitable PCR product), two specimens were identified 
as P. leucopus: an adult, lactating, female, 172 mm 
in total length, trapped 28 May 2014 at Blacks Har-
bour, Charlotte County (45.059°N, 66.785°W; NBM-
MA-13000) and an adult male with testes 9 mm and 
total length 159 mm, trapped 6 August 2014 at Lake 
Utopia, Charlotte County (45.170°N, 66.794°W; 
NBM-MA-14183; Figure 1). NBM-MA-13000 was 
collected concurrently with P. maniculatus, Red-
backed Vole (Myodes gapperi), and Masked Shrew 
(Sorex cinereus), while NBM-MA-14183 was the 
sole specimen collected at the Lake Utopia site. The 
remaining 83 specimens were determined to be P. 
maniculatus. Sequences for the two vouchers of P. 

leucopus were deposited in GenBank: OK263085 and 
OK263086, respectively.

Range expansion of P. leucopus at the species’ 
northeastern range limit has been reported in the 
northern Great Lakes (Myers et al. 2009; Moscarella 
2011), in southern Quebec (Garcia-Elfring et al. 
2017), and in adjacent Maine (Bennett 2020). Such 
expansion has been attributed mainly to anthropo-
genic activity, including habitat modification and cli-
mate change (Roy-Dufresne et al. 2013; Leo and Mil-
lien 2017).

The Blacks Harbour and Lake Utopia specimens 
are the first evidence that P. leucopus is present on 
mainland New Brunswick. Lake Utopia is ~14.5 km 
north of Blacks Harbour, suggesting that the spe-
cies is established, at minimum, in the southwestern 
region of New Brunswick. Mainland New Brunswick 
records are about 90 km northeast of coastal Maine 
reports from Mount Desert Island (Bennett 2020) and 
about 56 km northeast of Great Wass Island (Rich 
1993). Mount Desert Island is just 300 m offshore and 
connected to the mainland by a causeway; Great Wass 
Island, although about 5 km offshore, is likewise con-
nected to the mainland by a series of causeways that 
link adjacent islands. New Brunswick records are 
about 485 km east of the nearest confirmed Quebec 
records (Fiset et al. 2015) and about 350 km west by 
land to the nearest Nova Scotia occurrences for P. leu-
copus (Naughton 2012).

Huynh et al. (2021) reported P. leucopus on Grand 
Manan Island, but it is unclear how or when the spe-
cies colonized and established itself there, i.e., histor-
ical natural dispersal and (or) recent human transport. 
Blacks Harbour is the northern terminus for ferries 
that serve as a daily connection between Grand Manan 
Island and mainland New Brunswick, ferrying pas-
sengers, vehicles, and goods year-round. It is feasible 
that the ferries are an accessible vector for point of 
dispersal for Peromyscus. However, it is possible that 
P. leucopus has been present on both Grand Manan 
and the adjacent mainland for some time but has been 
previously undetected. This could be because the spe-
cies occurs at very low densities in the region and has 
not been collected in the past (Rich 1993) or, more 
likely, because it has been assumed that all specimens 
encountered are P. maniculatus and appropriate meth-
ods to identify P. leucopus have not been used (see 
Rich et al. 1996). It is also possible that P. leucopus 
has been present on Grand Manan, as in Nova Scotia, 
as a relict population and has only recently recolo-
nized southwestern mainland New Brunswick as part 
of an apparently recent and now well-documented 
northward range expansion (Fiset et al. 2015). 

Garcia-Elfring et al. (2017) noted gene flow 
between P. leucopus and P. maniculatus via secondary 
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contact in some populations in southern Quebec, 
resulting in apparent hybridization and introgression 
at extremely low frequencies (n = 5 in a sample of 
238). Likewise, working in the same region, Leo and 
Millien (2017) report low frequencies of apparent 

hybridization (n = 5–8 out of 153, depending on 
method of analysis) among P. leucopus and P. manic-
ulatus. Vrla (2019) used genetic (including sequenc-
ing of the cytochrome b gene) and morphometric 
methods to separate P. leucopus and P. maniculatus in 

Figure 1. a. Range of White-footed Deer Mouse (Peromyscus leucopus) in Quebec (?) and Nova Scotia and Maine (shaded 
area). b. Closed circles mark recent localities for P. leucopus in New Brunswick: Grand Manan Island (Huynh et al. 2021), 
Blacks Harbour, and Lake Utopia. Unconfirmed Gaspe localities are from Desrosiers et al. (2002).
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western Oklahoma, identifying a series of Peromys-
cus that are putative hybrids.

Although our use of a single mitochondrial gene to 
identify P. leucopus does not eliminate the possibility 
that the New Brunswick specimens are of hybrid ori-
gin, we believe the probability is low. Previous studies 
suggest that both pre- and post-zygotic mechanisms 
ensure that these species are normally well isolated 
reproductively (e.g., see Leo and Millien 2017 and 
references therein). Leo and Millen (2017) concluded 
that the low rate of apparent hybridization appeared to 
justify their use of the mtDNA COIII gene to separate 
P. leucopus and P. maniculatus, but they noted that 
recorded natural hybridization between these two 
congeners may warrant more comprehensive identifi-
cation methods. Evidence is accumulating that where 
P. leucopus is undergoing range expansion (perhaps 
associated with climate change), pre-zygotic barri-
ers with P. maniculatus may be altered, and hybrid-
ization at low rates may occur (Garcia-Elfring et al. 
2017; Vrla 2019). Although our results support the 
presence of P. leucopus in New Brunswick, more 
detailed analyses will be required to determine the 
true nature of any genetic interaction between these 
species in the province. 

Regardless of when P. leucopus became estab-
lished in New Brunswick, the occurrence of the spe-
cies in the province may have relevance to wildlife 
management and human health. Although both P. leu-
copus and P. maniculatus are considered competent 
host reservoirs for Borrelia burgdorferi, the spiro
chete bacterium that causes Lyme disease, there is 
evidence that P. leucopus may be the more competent 
of the two (Donahue et al. 1987; Garman et al. 1994; 
Fiset et al. 2015). Peromyscus leucopus also appears 
to be the preferred host species among rodents for 
ticks (Ixodes scapularis) that transmit B. burgdorferi 
(Schmidt et al. 1999). Thus, the apparent geographic 
expansion of P. leucopus, alongside the concurrent 
range expansion of Lyme disease in Canada (Ogden 
et al. 2008), may have an impact on the health of 
human communities in New Brunswick, as has been 
suggested for southern Quebec (Fiset et al. 2015).
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Abstract
We report three rare dodders (Cuscuta L.) from Quebec: Buttonbush Dodder (Cuscuta cephalanthi Engelmann), Hazel 
Dodder (Cuscuta coryli Engelmann), and Smartweed Dodder (Cuscuta polygonorum Engelmann). Detailed descriptions of 
their morphological characteristics, ecology, and host range are discussed. The genus Cuscuta is severely under-collected in 
Quebec and elsewhere, and targetted fieldwork is needed to better assess the distribution and conservation status of the three 
rare (or overlooked) species reported here. An identification key to all Cuscuta species from Quebec is provided to aid botan-
ists in accurately identifying these challenging species.
Key words: Dodder; Convolvulaceae; Cuscuta; parasitic plants; phytogeography; Quebec; species of conservation concern

Résumé
La présence de trois cuscutes rares (Cuscuta L.) est confirmée au Québec: la cuscute du céphalanthe (Cuscuta cephalan-
thi Engelmann), la cuscute du noisetier (Cuscuta coryli Engelmann) et la cuscute des renouées (Cuscuta polygonorum 
Engelmann). Une description détaillée de leurs caractéristiques morphologiques et écologiques, ainsi qu’une liste de leurs 
hôtes sont incluses. Le genre Cuscuta est gravement sous-représenté dans les collections québécoises. Des inventaires ciblés 
sur le terrain sont nécessaires pour mieux évaluer la répartition et le statut de conservation des trois espèces rares (ou négligé) 
signalées ici. Une clef d’identification de toutes les espèces de Cuscuta du Québec est présentée pour faciliter l’identifica-
tion de ce genre difficile.
Mots clés: convolvulacées; cuscute; Cuscuta; espèce susceptible d’être désignée; plantes parasites; phytogéographie; 

Québec

Introduction
Dodders (Cuscuta L.; Convolvulaceae) are a 

group of obligate stem parasitic plants with enormous 
economic and ecological significance. The genus is 
nearly cosmopolitan and includes close to 200 spe-
cies, about 70% of which have evolved in the Amer-
icas (Yuncker 1932; Stefanović et al. 2007; García 
et al. 2014). Some Cuscuta species are well-known 
agricultural pests, and 15–20 species are capable of 
causing major yield losses in numerous crops world-
wide (Parker and Riches 1993; Dawson et al. 1994; 
Costea and Tardif 2006). Non-native species of Cus-
cuta are federally legislated as agricultural/horticul-
tural pests in Canada, the United States, and other 
countries (e.g., Costea and Tardif 2006), and com-
mercial seed crops (especially legumes) contaminated 

with Cuscuta seeds (Knepper et al. 1990; Olszewski 
et al. 2020) discovered at the border are quarantined 
(Costea and Tardif 2006). However, some native Cus-
cuta are keystone species and, as ecosystem engineers 
in their natural habitats, can increase plant commu-
nity diversity (Callaway and Pennings 1998; Press 
and Phoenix 2005). Other Cuscuta species are rare 
or at-risk worldwide (Costea and Stefanović 2009), 
but their conservation is challenging because of the 
stigma created by noxious dodder species.

Herbarium specimens from Canada and the 
United States were studied and annotated by M.C. 
during preparation of the taxonomic treatment of Cus-
cuta for Flora of North America. Annotated speci-
mens in the holdings of larger Canadian herbaria have 
been digitized; the data are mediated by Canadensys 
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(canadensys.net) and the Global Biodiversity Infor-
mation Facility (gbif.org), and taxonomic and floris-
tic updates resulting from these data are incorporated 
into VASCAN, an online database of vascular plants 
in Canada (Brouillet et al. 2010+).

During the process of examining previously col-
lected specimens, we identified three Cuscuta species 
from Quebec: Knotweed Dodder (Cuscuta polygono-
rum Engelmann), Buttonbush Dodder (Cuscuta ceph-
alanthi Engelmann), and Hazel Dodder (Cuscuta cor-
yli Engelmann). The presence of C. polygonorum in 
Quebec is mentioned in Flore laurentienne (Marie-
Victorin 1964, 1995), but we were unable to find a 
herbarium voucher. Scoggan (1979) also referred to 
a specimen of C. polygonorum from “Lachine, near 
Montreal” (probably the same one as in Flore lauren-
tienne), supposedly deposited in the Gray Herbarium, 
Harvard University, and identified by T.G. Yuncker, 
but we were unable to locate this collection in the 
Gray Herbarium, the William and Lynda Steere Her-
barium—New York Botanical Garden (where Yunck-
er’s collections are held)—or other North American 
herbaria. However, M.C. recently annotated several 
specimens of C. polygonorum collected in the Mon-
tréal, Quebec, area that had been previously misiden-
tified, and É.L.-B. recently discovered a new site for 
C. polygonorum in the same area. Cuscuta cepha-
lanthi and C. coryli are known from other Canadian 
provinces (e.g., Crins and Ford 1988), but no speci-
mens from Quebec have been previously identified.

Our objectives were to provide information about 
C. cephalanthi, C. coryli, and C. polygonorum in 
Quebec; to illustrate the morphological traits use-
ful for their identification; to elaborate on their ecol-
ogy and host range; and to emphasize their rarity in 
the province. Ultimately, our aim is to stimulate field 
searches for these species to better assess their distri-
bution, rarity, and conservation status in Quebec.

Methods
Cuscuta specimens from the herbaria listed in 

Appendix 1 have been analyzed and annotated and 
their hosts recorded if they had been identified by 
the collector on the herbarium label or when verifi-
able host material was attached to the herbarium spec-
imen. Flowering times reported in the results section 
are based on Ontario and Quebec herbarium specimen 
phenology.

The species can be separated using qualitative and 
quantitative characters of the calyx, corolla, infrasta-
minal scale, gynoecium, and capsule. These charac-
ters are based on Yuncker (1932, 1965), three species-
level taxonomic studies (Costea et al. 2006a,b,c), 
and several character evolution studies for Cuscuta 
(Wright et al. 2011, 2012; Riviere et al. 2013; Ho 

and Costea 2018). Stereomicroscopy images were 
taken from rehydrated flowers and fruits of herbar-
ium specimens using a Nikon SMZ1500 stereomi-
croscope (Nikon Corporation, Tokyo, Kantō, Japan), 
equipped with a PaxCam Arc digital camera (MIS 
Inc., Villa Park, Illinois, USA) and Pax-it 7.5 software 
(MIS Inc.). Rehydration was done by steeping the dry 
plant material in 50% ethanol, which was gradually 
warmed up to boiling point. Rehydration in a solution 
of ethanol hardens the tissues, thus protecting the very 
delicate corolla and infrastaminal scales from disinte-
gration during dissection.

Results
Identification key for Cuscuta species in Quebec

At the vegetative stage, all Cuscuta species that 
occur in Quebec are morphologically indistinguish-
able, with trailing or twining, yellow or orange fili-
form stems 0.2–0.4 mm wide. Accurate species iden-
tification based on morphology is only possible when 
flowers are present, from late summer to early fall. 
With experience, some species may be distinguished 
in the field using a strong magnifier. However, accu-
rate identification of most species requires dissecting 
the flowers using a stereomicroscope. If fresh mate-
rial is unavailable, dried flowers can be easily rehy-
drated (see Methods). All species included in the fol-
lowing taxonomic key have been recorded in Quebec, 
except for Large Alfalfa Dodder (Cuscuta indecora 
Choisy var. indecora), which we included because it 
is morphologically similar to C. coryli and has been 
recorded in neighbouring states in the United States. 
Figures 1–3 compare flower and fruit morphology of 
C. cephalanthi, C. coryli, and C. polygonorum with 
morphologically similar species with which they may 
be easily confused.

1a. Stigmas cylindric, elongated, as wide as the styles; 
capsules dehiscent......................................................2

2a. Calyces and stems often reddish-purple (caly-
ces sometimes creamy white); styles equal or longer 
than ovary; growing on Fabaceae, especially Medi-
cago and Trifolium.............................C. epithymum
2b. Calyces and stems not purple (often yellow to 
orange); styles shorter than ovary; growing primar-
ily on Linum usitatissimum (Linaceae)..................... 	
................................................................C. epilinum

1b. Stigmas capitate, globose, wider than the styles; 
capsules indehiscent...................................................3

3a. Corolla lobe apices acute to acuminate, in-
flexed.......................................................................4

4a. Calyx lobes more or less carinate, acute; papil-
lae or dome-shaped epidermal cells present on 
calyx and corolla lobes (requires rehydration of 
flowers and >40× magnification)..........................5

https://www.canadensys.net/
https://www.gbif.org/


252	 The Canadian Field-Naturalist	 Vol. 135

Figure 1. Flowers and fruits of Buttonbush Dodder (Cuscuta cephalanthi; a–g) and Swamp Dodder (Cuscuta gronovii; 
h–m). Cuscuta cephalanthi. a. Flowers. b and c. Variation of calyx (dissected). d. Corolla dissected and opened to show infra-
staminal scales (IFS). e. Infrastaminal scales removed from flower to show fimbriae details. Note the 3- or 4-merous, smaller 
flowers. f. Early stage in development of the capsule capped by persistent corolla (white arrow). g. Mature capsules (corolla 
was lost because of rehydration in boiling ethanol). Cuscuta gronovii. h. Flower. i and j. Variation of calyx (dissected). k. 
Corolla dissected and opened to show IFSs. l. Note the 5-merous, larger flowers. Detail of IFSs removed from the corolla 
tube. m. Mature capsules surrounded by persistent corolla (white arrow). Scale bars = 1 mm. Colours as resulted after rehy-
dration. Photos: Mihai Costea.
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5a. Flowers mostly 4-merous (sometimes 3- or 
5-merous within the same inflorescence); 1.7–
2.6 (3.0) mm long; infrastaminal scales oblong, 
apex bifid, with short dentate wings or sparse 
1–3 fimbriae on each side of the filament (rarely 
truncate with 3–6 fimbriae)....................C. coryli
5b. Flowers mostly 5-merous (sometimes 4- 
merous within the same inflorescence); flowers 
2.0–5.3 mm long; infrastaminal scales subspatu-
late to spatulate, apex rounded or truncate (rarely 
lobed), with (6–)20–35(–50) fimbriae ................. 	
................................ C. indecora (var. indecora)

4b. Calyx lobes not carinate, rounded to obtuse; 
papillae or dome-shaped epidermal cells absent 
(requires rehydration of flowers and >40× magni-
fication).................................................................6

6a. Flowers 4-merous, 2.0–2.7 mm long; calyx 
lobes not overlapping at base; infrastaminal scales 
bifid or with 2–3 irregular lobes, each bearing 1–2 
fimbriae..................................... C. polygonorum
6b. Flowers 5-merous (sometimes 4-merous 
within the same inflorescence), 1.4–3.6 mm long; 
calyx lobes overlapping at base; infrastaminal 
scales oblong-ovate to spatulate, uniformly and 
densely fimbriate............................C. campestris

3b. Corolla lobe apices rounded or obtuse, straight 
 ................................................................................7

7a. Flowers mostly 3- or 4-merous (rarely 5-mer-
ous within the same inflorescence), 2.0–3.0 mm 
long; persistent corolla capping the depressed-glo-
bose to globose capsule..................C. cephalanthi
7b. Flowers mostly 5-merous (sometimes 4-mer-
ous within the same inflorescence), 3.0–4.0 mm 
long; persistent corolla surrounding the globose-
ovoid capsule........................................C. gronovii

Cuscuta cephalanthi Engelmann  
Buttonbush Dodder; Cuscute du Céphalanthe

Type—USA, Missouri, St. Louis County, on the 
margins of ponds and swamps near St. Louis, 1841, 
Engelmann s.n. (lectotype: MO, designated by 
Yuncker 1932).

Description—Inflorescences dense to loose, spic-
iform or paniculiform; pedicels 0.2–1 mm. Flowers 
3–4(–5)-merous, 2–3 mm long; dome-like cells on 
calyx and corolla absent; calyx campanulate to shal-
lowly cupulate, 1/2 length of corolla tube, divided 2/3 its 
length, lobes not carinate, oblong-ovate, bases slightly 
overlapping, margins entire or serrulate, apex obtuse; 
corolla white when fresh, becoming creamy to light 
brown when dry, cylindric-campanulate to cylindric, 
1.8–2.8 mm long, lobes spreading to reflexed, ovate, 
1/3–1/2 the tube length, apex obtuse, straight; infrasta-
minal scales oblong, 0.9–1.7 mm long, shorter than 
or equalling corolla tube length, sparsely fimbriate 

laterally, more densely fimbriate distally; styles (0.6–) 
1–2 mm, equalling or longer than ovary; stigmas cap-
itate. Capsules depressed-globose to globose, 2.5–
3.2(–4) × 2–4 mm, not thickened or raised around 
relatively small interstylar aperture, capped by the 
withered corolla. Seeds 1–2/capsule, 1.4–2 × 1.3–1.4 
mm. 2n = 60.

Distribution in Canada—British Columbia, Man-
itoba, New Brunswick, Nova Scotia, Ontario, and 
Quebec. In Quebec, it is known from only one herbar-
ium specimen collected in 1950 on the rocky margins 
of Saint François River in Drummondville.

Ecology and host range—In Ontario and Que-
bec, it flowers between July and September. It usu-
ally grows in wet habitats, such as lake shores, river, 
or stream banks, marshes, alluvial or periodically 
inundated woods, and wet meadows. The most com-
mon hosts throughout its range are Eastern Button-
bush (Cephalanthus occidentalis L.), willows (Salix 
L., including Sandbar Willow [Salix interior Rowlee], 
Almond Willow [Salix triandra L.], and Black Wil-
low [Salix nigra Marshall]), goldenrods (Solidago L., 
including Giant Goldenrod [Solidago gigantea Aiton] 
and Spreading Goldenrod [Solidago patula Muhlen-
berg ex Willdenow]), and asters (Symphyotrichum 
Nees, including Heart-leaved Aster [Symphyotrichum 
cordifolium (L.) G.L. Nesom], Calico Aster [Sym-
phyotrichum lateriflorum (L.) Á. Löve & D. Löve], 
Ontario Aster [Symphyotrichum ontarionis (Wie-
gand) G.L. Nesom], and Willow-leaved Aster [Sym-
phyotrichum praealtum (Poiret) G.L. Nesom]). It also 
grows on numerous other woody and herbaceous gen-
era and species, such as yarrow (Achillea L.), alder 
(Alnus Miller), Shrubby False Indigo (Amorpha fruti-
cosa L.), American Hog Peanut (Amphicarpaea brac-
teata (L.) Fernald), Small-spike False Nettle (Boeh-
meria cylindrica (L.) Swartz), bindweed (Calystegia 
R. Brown), Trumpet Creeper (Campsis radicans (L.) 
Seeman ex Bureau), thistle (Cirsium Miller), tick-
seed (Coreopsis L.), Purple-veined Willowherb (Epi-
lobium coloratum Biehler), Spotted Joe Pye Weed 
(Eutrochium maculatum (L.) E.E. Lamont), White 
Wood Aster (Eurybia divaricata (L.) G.L. Nesom), 
Common Sneezeweed (Helenium autumnale L.), St. 
John’s Wort (Hypericum L.), touch-me-not (Impa-
tiens L.), American Water-willow (Justicia americana 
(L.) Vahl), sweet pea (Lathyrus L.), water-horehound 
(Lycopus L., including American Water-horehound 
[Lycopus americanus Muhlenberg ex W.P.C. Bar-
ton]), loosestrife (Lysimachia L., including Lowland 
Yellow Loosestrife [Lysimachia hybrida Michaux]), 
holly (Ilex L.), mints (Mentha L., including Pepper-
mint [Mentha ×piperita L.] and Spearmint [Mentha 
spicata L.]), forget-me-not (Myosotis L.), smartweed 
(Persicaria Scopoli, including Dotted Smartweed 
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[Persicaria punctata (Elliott) Small]), American 
False Turtlehead (Physostegia americana (L.) Ben-
tham), currant (Ribes L.), elderberry (Sambucus L.), 
Marshy Hedge-nettle (Stachys palustris L.), Bitter-
sweet Nightshade (Solanum dulcamara L.), skullcaps 

(Scutellaria L., including Marsh Skullcap [Scutel-
laria galericulata L.] and Mad-dog Skullcap [Scutel-
laria lateriflora L.]), Steeplebush (Spiraea tomentosa 
L.), Canada Germander (Teucrium canadense L.), 
Poison Ivy (Toxicodendron radicans (L.), Kuntze), 

Figure 2. Flowers and fruits of Hazel Dodder (Cuscuta coryli; a–h) and Large Alfalfa Dodder (Cuscuta indecora; i–n). 
Cuscuta coryli. a. Fragment of inflorescence. b. Flower. c. Dissected calyx. d and e. Dissected corolla. f. Infrastaminal scale 
(IFS) detail. Note the 4-merous flowers with dome-like cells in the calyx and especially the corolla lobes and comparatively 
reduced scales. g. Gynoecium. h. Mature capsule. Cuscuta indecora. i. Inflorescence fragment. j. Flower. k. Dissected calyx. 
l. Dissected corolla. m. Detail of IFSs. Note the 6-merous, larger flowers with dome-like cells or papillae in the calyx and 
especially the corolla lobes and large IFSs with numerous fimbriae. n. Mature capsule. Scales bars = 1 mm, except f = 0.25 
mm. Photos: Mihai Costea.
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ironweed (Vernonia Schreber), vetch (Vicia L.), and 
elm (Ulmus L.).

Conservation status—The species is Unrankable  
(SU) in British Columbia, Critically Imperilled in Man-
itoba (S1), Vulnerable–Critically Imperilled (S1S3)  
in New Brunswick, Imperilled (S2) in Ontario, and 
considered an inexact rank (S2?) in Nova Scotia 
(NatureServe 2021). In the United States, it is Pre-
sumed Extirpated (SX) from the District of Columbia; 

Critically Imperilled (S1) in New Hampshire, New 
Jersey, New York, North Carolina, South Carolina, 
Utah, Vermont, and Virginia; Imperilled (S2) in Penn-
sylvania and Kansas; and not yet evaluated in the 
other states where it occurs (NatureServe 2021).

Herbarium voucher—Canada, Quebec, Drum-
mond County, Drummondville, Bords rocheux du 
Saint-François, 5 September 1950, L. Cinq-Mars 
(QFA 0145549, QUE 0005442).

Figure 3. Flowers and fruits of Smartweed Dodder (Cuscuta polygonorum; a–g) and Field Dodder (Cuscuta campestris; 
h–m). Cuscuta polygonorum: a. Inflorescence fragment. b. Dissected calyx. c. Dissected corolla. d and e. Variation of infra-
staminal scales (IFSs). Note the 4-merous flowers with non-overlapping calyx lobes and relatively reduced IFSs. g. Mature 
capsule. Cuscuta campestris: h. Inflorescence fragment. i. Dissected calyx. j–l. Dissected corolla and detail of IFSs. Note 
5-merous flowers (larger than in C. polygonorum) with overlapping calyx lobes, and well-developed IFSs with numerous 
fimbriae. m. Mature capsule. Scale bars = 1 mm, except e and f = 0.5 mm. Photos: Mihai Costea.
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Cuscuta coryli Engelmann 
Hazel Dodder; Cuscute du Noisetier

Type—USA, Missouri: St. Louis County, on hazel-
nut (Corylus) near St. Louis, September 1841, Engel-
mann s.n. (holotype: MO 2524873, isotype: GH 
00054310).

Description—Inflorescences paniculate-corymbi-
form to glomerulate; pedicels 0.5–3 mm long. Flow-
ers 4-merous (sometimes 3- to 5-merous within the 
same inflorescence), fleshy, with epidermal cells of 
calyx and especially of corolla lobes dome-like (if 
herbarium specimens are examined, flowers need 
rehydration and at least 40× to discern this trait); 
calyx cupulate, equalling or somewhat longer than 
corolla tube, divided 1/2–2/3 of the length, lobes cari-
nate, not or only slightly overlapping at the base, tri-
angular-ovate, margins entire, apex acute; corolla 
white when fresh, becoming dark brown when dry, 
campanulate to suburceolate, 1.5–2.5 mm long, lobes 
erect to slightly spreading, triangular-ovate, 1/3 to 
equalling corolla tube, apex acute, inflexed; infra-
staminal scales reaching the filament bases, oblong, 
bifid, with short dentate wings or 1–3 fimbria on each 
side of filament attachment, rarely truncate with 3–6 
fimbriae; styles 0.7–1.5 mm long; stigmas capitate. 
Capsules initially globose later becoming depressed, 
1.8–2.5 × 3.5–5 mm raised, around relatively large 
interstylar aperture, usually surrounded by the with-
ered corolla. Seeds 1.3–1.6 × 1.2–1.4 mm. 2n = 30.

Distribution in Canada—Saskatchewan, Man-
itoba, Ontario, and Quebec. In Quebec, it is known 
only from one herbarium specimen collected from St. 
Lambert, Chambly County (now Montérégie).

Ecology and host range—In Ontario and Quebec, 
it flowers between July and September. Found in ter-
restrial, wetland, and anthropogenic habitats through-
out its range. Terrestrial habitats include dry, rocky, 
upland, hardwood dominated and lowland forest 
types, wooded ravines, open woodlands, savannahs, 
thickets, forest clearings, prairies, rocky ground, 
and sandy old fields. Wet habitats include bottom-
lands, marshes, sedge marshes, salt marshes, meadow 
marshes, wet meadows, calcareous mixed swamps, 
interdunal wetlands, lake shores, pond shores, river, 
stream, and creek banks, and swales. Also found in 
agricultural fields of Alfalfa (Medicago sativa L.) 
and occasionally Common Flax (Linum usitatissi-
mum L.), cutovers (lands harvested for timber), road-
sides, and cemeteries. Parasitizes many herbaceous 
and woody species, frequently found on ceanothus 
(including Narrow-leaved New Jersey Tea [Ceano-
thus herbaceous Rafinesque]), hazelnut (Corylus L., 
including American Hazelnut [Corylus americana 
Water]), tick trefoil (Desmodium Desvaux, including 
Paniculate Desmody [Desmodium paniculatum (L.) 

de Candolle]), goldentops (Euthamia (Nuttall) Cas-
sini, including Grass-leaved Goldenrod [Euthamia 
graminifolia (L.) Nuttall] and Slender Fragrant Gold-
enrod [Euthamia caroliniana (L.) Greene ex Por-
ter & Britton]), sunflowers (Helianthus L., including 
Woodland Sunflower [Helianthus divaricatus L.]), 
goldenrods (including Canada Goldenrod [Solidago 
canadensis L.], Giant Goldenrod, Grey-stemmed 
Goldenrod [Solidago nemoralis Aiton], and Rough-
stemmed Goldenrod [Solidago rugosa Miller]), and 
asters (including Heart-leaved Aster, Calico Aster, 
Smooth Aster [Symphyotrichum laeve (L.) Á. Löve 
& D. Löve], and White Heath Aster [Symphyotri-
chum ericoides (L.) G.L. Nesom]). It has also been 
found on Indian mallow (Abutilon Miller), ragweed 
(Ambrosia L., including Great Ragweed [Ambrosia 
trifida L.]), goosefoot (Chenopodium L.), ash (Frax-
inus L.), Sweet Pea (Lathyrus odoratus L.), pinweed 
(Lechea L.), Rough Water Horehound (Lycopus asper 
L.), Alfalfa, beebalm (Monarda L.), White Rattle-
snakeroot (Nabalus albus (L.) Hooker), sumac (Rhus 
L.), raspberry (Rubus L.), willows, Sassafras (Sassa-
fras albidum (Nuttall) Nees), sanicle (Sanicula L.), 
snowberry (Symphoricarpos Duhamel), germander 
(Teucrium L.), and Stinging Nettle (Urtica dioica L.).

Conservation status—The species is Unrankable 
(SU) in Quebec, Critically Imperilled (S1) in Ontario, 
Imperilled–Critically Imperilled (S1S2) in Mani-
toba, and Possibly Extirpated (SH) in Saskatchewan 
(Argus and Pryer 1990; NatureServe 2021). In the 
United States, it is Unrankable (SU) in Delaware and 
Iowa; Critically Imperilled (S1) in Kansas, Maryland, 
and Wisconsin; Imperilled (S2) in New Jersey and 
Virginia; Apparently Secure (S4) in New York; Pos-
sibly Extirpated (SH) in Ohio, Pennsylvania, Rhode 
Island, and West Virginia; Presumed Extirpated in 
the District of Columbia; and considered an inexact 
rank (S1?) in Massachusetts, Maryland, and North 
Carolina (NatureServe 2021). In the remaining states 
where it is present, conservation status has not been 
determined.

Herbarium voucher—Canada, Quebec, Chambly 
County, St. Lambert, 9 August 1935, L.M. Terrill et 
al. 884 (MT 00070338).
Cuscuta polygonorum Engelmann  
Smartweed Dodder, Cuscute des Renouées

Type—USA, Missouri: West of St. Louis, August 
1839, Lindheimer s.n. (holotype: MO).

Description—Inflorescences glomerulate; pedi-
cels 0.2–1 mm long. Flowers 4-merous, 2–2.7 mm; 
dome-like cells absent; calyx cupulate, ca. equal-
ling the corolla tube, divided 1/2–2/3 to the base, lobes 
not carinate or basally overlapping, triangular-ovate, 
margins entire, apex obtuse to rounded; corolla white 
when fresh, becoming creamy to light brown when 
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dry, cupulate to shallowly campanulate, 1.8–2.4 mm, 
lobes erect or spreading, 1.1–1.6 mm long, triangu-
lar, apex acute, usually inflexed; infrastaminal scales 
reaching the filament bases, bifid or with 2–3 irregu-
lar distal segments each bearing 1–2 fimbriae; styles 
0.4–0.9 mm; stigmas capitate. Capsules depressed-
globose, 1.6–3 × 2.5–5 mm, not thickened or raised 
around the large interstylar aperture, not translucent, 
withered corolla persistent around the capsule base. 
Seeds 1.1–1.4 × 0.9–1.3 mm. 2n = ?

Distribution in Canada—Ontario and Quebec. In 
Quebec it has been found in three locations within the 
Montréal area (see below).

Ecology and host range—In Ontario and Quebec, 
it flowers between July and September. Mostly found 
in wet places including swamps, sloughs, wooded 
floodplains, moist thickets, dried ponds, pond edges, 
lake shores, low plains, marshes, wet meadows, gravel 
bars, riverbanks, rocky river shores, and other riparian 
habitats. Occasionally recorded in upland habitats, in-
cluding forests and open lands and wet anthropogenic 
habitats, including canals. The most common hosts 
are knotweed, including Emerged Knotweed (Persi-
caria amphibia var. emersa (Michaux) JC Hickman), 
Red Knotweed (Persicaria hydropiperoides (Mich-
aux) Small), Pale Knotweed (Persicaria lapathifo-
lia (L.) Delarbre), and Dotted Smartweed. The genus 
Persicaria (L.) Miller was formerly included in the 
genus Polygonum L., which gave the specific epithet 
of the species. It is occasionally found on beggarticks 
(Bidens L., including Nodding Beggarticks [Bidens 
cernua L.], Purple-stemmed Beggarticks [Bidens con-
nata Muhlenberg ex Willdenow], Devil’s Beggarticks 
[Bidens frondosa L.], and Tall Beggarticks [Bidens 
vulgata Greene]), Spotted Water-hemlock (Cicuta 
maculata L.), Large St. John’s Wort (Hypericum ma-
jus (A. Gray) Britton), touch-me-not, morning glory 
(Ipomoea L.), American Water-willow, Canada Wood 
Nettle (Laportea canadensis (L.) Weddell), water- 
horehound, Ditch Stonecrop (Penthorum sedoides L.), 
Beefsteak Plant (Perilla frutescens (L.) Britton), dock 
(Rumex L.), asters, and Rough Cocklebur (Xanthium 
strumarium L.). Cuscuta polygonorum is exclusively 
annual and its hosts are always herbaceous.

Conservation status—Cuscuta polygonorum is 
Unrankable (SU) in Quebec and considered Criti-
cally Imperilled (S1) in Ontario (NatureServe 2021). 
In the United States, it is Unrankable (SU) in Dela-
ware and Iowa; Critically Imperilled (S1) in the Dis-
trict of Columbia, Maryland, New York, Virginia, 
West Virginia, and Wisconsin; Imperilled (S2) in 
Kansas, Michigan, New Jersey, and Pennsylvania; 
Vulnerable–Apparently Secure (S3S4) in Massachu-
setts; and Possibly Extirpated (SH) in North Dakota 
(NatureServe 2021). In the remaining states where 

it is present, conservation status has not been deter-
mined.

Herbarium vouchers—Canada, Quebec, MRC 
Beauharnois-Salaberry, Îles de la Paix, Île à Tambault 
(Station 2): berge, 4 September 1965, M. Morency 
1651 (MT 00070339). Vaudreuil-Soulanges, Île-Per-
rot, près de la Pointe-du-Moulin. Rivages graveleux 
et rocheux, 05 September 2005, S.H. Hay, C. Morisset 
SH05-189 (MT), SH05-190 (MT), SH05-191 (MT), 
SH05-192 (MT). MRC Deux-Montagnes (WGS84), 
45.59833°N 73.83303°W, Baie des Grandes Lar-
geurs, rivière des Milles-Îles, Boisbriand. Grim-
pant sur Persicaria amphibia et Xanthium strumar-
ium. Haut rivage limoneux. Dominé par Persicaria 
amphibia, Lythrum salicaria, Carex vesicaria, Echi-
nochloa muricata, Eragrostis hypnoides, Acaly-
pha rhomboidea, Bidens spp., 27 October 2016, É. 
Léveillé-Bourret et al.1040 (MT).

Discussion
Taxonomy

All Cuscuta species native to Quebec (C. coryli, C. 
cephalanthi, Field Dodder [Cuscuta campestris Yunc-
ker], Swamp Dodder [Cuscuta gronovii Willdenow 
ex Roemer & Schultes], and C. polygonorum) belong 
to Cuscuta subgenus Grammica (Loureiro) Engel-
mann ex Yuncker, characterized by having two une-
qual styles, globose stigmas, and alveolate seed coats 
when dry (papillate when rehydrated). Translucent 
laticifers are often visible in the calyx, corolla, and 
ovary. They also have indehiscent capsules enclosing 
two to four seeds. The three Cuscuta species newly 
identified for Quebec have evolved in different major 
clades of subgenus Grammica (Stefanović et al. 
2007; García et al. 2014). Two species introduced to 
Quebec from Europe (Costea and Tardif 2006), Flax 
Dodder (Cuscuta epilinum Weihe) and Clover Dodder 
(Cuscuta epithymum (L.) L., have not been collected 
in the province in the last 50 years. They both belong 
to Cuscuta subgenus Cuscuta and can be easily distin-
guished from native dodders by their stigmas, which 
are elongated and linear.

Cuscuta cephalanthi is closely related to Swamp 
Dodder (Cuscuta gronovii Willdenow ex Roemer & 
Schultes), both belonging to Cuscuta section Oxycar-
pae (Engelmann ex Yuncker) Costea & Stefanović 
(Costea et al. 2015a). Cuscuta gronovii is the most 
common native dodder in Canada and North America 
(Yuncker 1932; Costea et al. 2006a). These two spe-
cies occur in the same types of riparian habitats, but C. 
cephalanthi can be recognized by its smaller, 4-mer-
ous flowers and persistent corolla capping the capsule 
(see identification key and Figure 1). The presence of 
C. cephalanthi in Quebec was to be expected because 
it is reported from neighbouring geographic areas in 
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Canada and the United States: Ontario (Crins and 
Ford 1988), New York, Vermont, New Hampshire, 
and Maine (NatureServe 2021).

Cuscuta coryli has strong evolutionary affin-
ity with C. indecora (Cuscuta section Indecorae  
(Yuncker) Costea & Stefanović; Yuncker 1932; Costea  
et al. 2006b, 2015a). Cuscuta indecora var. indec-
ora has been reported in Canada only from Saskatch-
ewan (Costea et al. 2004), but may be expected in the 
southern areas of Ontario and Quebec, as it is pres-
ent in the neighbouring states (Crins and Ford 1988; 
Costea et al. 2006b). Cuscuta indecora var. indecora 
differs from C. coryli in the 5-merous, larger flow-
ers, with abundantly fringed infrastaminal scales (see 
identification key and Figure 2).

Cuscuta polygonorum is classified in Cuscuta 
section Cleistogrammica Engelmann (Costea et al. 
2015a), which also includes Field Dodder (Cuscuta 
campestris Yunker), the most widespread weedy spe-
cies of Cuscuta worldwide (Yuncker 1932; Parker and 
Riches 1993; Costea and Tardif 2006; Costea et al. 
2006c). Cuscuta polygonorum is similar to C. camp-
estris in fruit and identification errors are possible 
if only capsules are present. However, even at this 
stage, C. polygonorum can be recognized by the per-
sistent calyx at the base of capsules, which has four 
non-overlapping lobes (Figure 3b,g). Cuscuta camp-
estris has 5-merous flowers and calyx lobes that over-
lap at the base; if flowers are present, its corolla is 
larger, with well-developed infrastaminal scales that 
protrude from the corolla tube (Figure 3).
Biology, ecology, and conservation

Cuscuta cephalanthi and C. coryli are annu-
als, but, when parasitizing woody plants, they can 
behave as perennials, overwintering as a haustorial 
endophyte inside the host and regenerating vegeta-
tively in the spring (Yuncker 1932; Costea and Tar-
dif 2006; Meulebrouck et al. 2009). In contrast, C. 
polygonorum is exclusively annual, growing on her-
baceous and often annual hosts. This biological infor-
mation is important when considering population 
genetics and population dynamics, as Cuscuta species 
perennating inside the host tend to reproduce vegeta-
tively and have a high degree of clonality (Meuleb-
rouck et al. 2009), while annual ones are necessarily 
more diverse genetically. These life-history aspects 
are virtually unstudied in these species and in Cus-
cuta more broadly. Dispersal of the three species has 
not been studied. However, similar to other Cuscuta, 
seed dispersal is likely accomplished by water or via 
bird endozoochory (Costea et al. 2016, 2019; Ho and 
Costea 2018). The indehiscent capsules can float for 
more than two weeks (Ho and Costea 2018).

Based on the few herbarium collections available 
for these three species in Quebec, and in Canada more 

broadly, they are likely rare, or overlooked, or both, 
and may require protection if threats exist. Unfortu-
nately, conservation of Cuscuta species is challenging 
because, historically, most research and management 
efforts have focussed on the control and eradication 
of weedy Cuscuta, while rare or overlooked species 
have been neglected (Costea and Stefanović 2009). 
We do not know why species, such as C. gronovii, 
C. indecora, and C. campestris, can become aggres-
sive pests (Parker and Riches 1993; Costea and Tar-
dif 2006), whereas some of their closest relatives, 
such as C. cephalanthi (a close relative of C. grono-
vii), C. coryli (a close relative of C. indecora), and 
C. polygonorum (a close relative of C. campestris), 
are rare. Several studies have suggested that the size 
of the host range plays a decisive role in determin-
ing the success or rarity of Cuscuta species (Costea 
and Stefanović 2009; García et al. 2018; Costea et 
al. 2020). However, the three species discussed here 
seem capable of parasitizing numerous hosts and it is 
unknown why they are not as widespread (or, at least, 
not as frequently collected) as their weedy relatives. 
Cuscuta seedlings must survive while searching the 
plant community for a compatible host (Behdarvandi 
et al. 2015). Once they locate a host, they must estab-
lish haustorial contact with it (Dawson et al. 1994). 
Little is known about the impact of biotic and abiotic 
factors during the search and attack of the hosts, but 
they likely modulate the population dynamics of Cus-
cuta species. For these reasons, the traditional focus 
on pest-control methods must be complemented with 
targetted biological and ecological studies in natural 
plant communities to understand the underlying fac-
tors explaining rarity versus invasiveness.

Cuscuta are generally less collected than other 
plants (Austin 1979; Stefanović et al. 2007), and we 
hope this article will stimulate the search for rare spe-
cies in Quebec and elsewhere in Canada. Species con-
servation measures cannot be taken without a species 
conservation status, and the latter cannot be assessed 
without extensive fieldwork to determine the distri-
bution, threats, size, and dynamics of populations in 
the wild.
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Appendix 1. Herbaria from which Cuscuta specimens were examined.
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BM The Natural History Museum London, United Kingdom
BRIT BRIT Philecology Herbarium, Botanical Research Institute of Texas Fort Worth, Texas, USA
CAS California Academy of Sciences San Francisco, California, USA
CHSC The Chico State Herbarium, California State University, Chico Chico, California, USA
CONN George Safford Torrey Herbarium, University of Connecticut Storrs, Connecticut, USA
DAO National Collection of Vascular Plants, Agriculture and Agri-Food 

Canada
Ottawa, Ontario, Canada

DUKE Duke University Durham, North Carolina, USA
F Field Museum of Natural History Chicago, Illinois, USA
G Conservatoire et Jardin botaniques de la Ville de Genève Geneva, Switzerland
GH Harvard University Cambridge, Massachusetts, USA
HAM Royal Botanical Gardens Burlington, Ontario, Canada
IND Indiana University Bloomington, Indiana, USA
JEPS Jepson Herbarium, University of California Berkeley, California, USA
K Royal Botanic Gardens Richmond, United Kingdom
LSU Shirley C. Tucker Herbarium, Louisiana State University Baton Rouge, Louisiana, USA
MICH University of Michigan Ann Arbor, Michigan, USA
MT Herbier Marie-Victorin, Université de Montréal Montréal, Quebec, Canada

MTMG McGill University Sainte-Anne-de-Bellevue, 
Quebec, Canada
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Abbre- 
viation Herbarium Location

MO Missouri Botanical Garden Saint Louis, Missouri, USA
NCSC North Carolina State University Raleigh, North Carolina, USA
NFLD Ayre Herbarium, Memorial University of Newfoundland St. John’s, Newfoundland, 

Canada
NHIC Natural Heritage Information Centre, Ontario Ministry of Natural 

Resources and Forestry
Peterborough, Ontario, Canada

NMC New Mexico State University Las Cruces, New Mexico, USA
NSPM The Nova Scotia Museum of Natural History, Collections Halifax, Nova Scotia, Canada
NY William and Lynda Steere Herbarium, The New York Botanical 

Garden
Bronx, New York, USA

OAC University of Guelph Guelph, Ontario, Canada
OKLA Oklahoma State University Stillwater, Oklahoma, USA
OSC Oregon State University Corvallis, Oregon, USA
P Muséum National d’Histoire Naturelle Paris, Île-de-France, France
QFA Herbier Louis-Marie, Université Laval Québec, Quebec, Canada
QUE Herbier du Québec, Complexe scientifique Sainte-Foy, Quebec, Canada
RSA California Botanic Garden Claremont, California, USA
SD San Diego Natural History Museum San Diego, California, USA
SASK W.P. Fraser Herbarium, University of Saskatchewan Saskatoon, Saskatchewan, 

Canada
SFS Herbier Rolland-Germain, Université de Sherbrooke Sherbrooke, Quebec, Canada
TEX Billie L. Turner Plant Resources Center, University of Texas at 

Austin
Austin, Texas, USA

TRT Green Plant Herbarium, Royal Ontario Museum Toronto, Ontario, Canada
TRTE Erindale College, University of Toronto Mississauga, Ontario, Canada
TUP Trent University Peterborough, Ontario, Canada
UBC Beaty Biodiversity Museum, University of British Columbia Vancouver, British Columbia, 

Canada
UC University Herbarium, University of California Berkeley, California, USA
UCR University of California, Riverside Riverside, California, USA
UNB Connell Memorial Herbarium, University of New Brunswick Fredericton, New Brunswick, 

Canada
UNM University of New Mexico Albuquerque, New Mexico, USA
US United States National Herbarium, Smithsonian Institution Washington, District of 

Columbia, USA
USAS George F. Ledingham Herbarium, University of Regina Regina, Saskatchewan, Canada
UWO Dr. Laurie L. Consaul Herbarium, Western University London, Ontario, Canada
UWPG University of Winnipeg Winnipeg, Manitoba, Canada
WAT University of Waterloo Waterloo, Ontario, Canada
WIN University of Manitoba Winnipeg, Manitoba, Canada
WIS University of Wisconsin Madison, Wisconsin, USA
WLU Wilfrid Laurier University Waterloo, Ontario, Canada
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Abstract
Bird communities in Labrador remain poorly described, including in the lower Churchill River valley, which lies within an 
offshoot of the boreal shield ecozone and features vegetation communities typically found more than 100 km to the south. 
Between 2006 and 2016, we conducted 1139 point counts in June and early July at 617 sites along 63 routes within and adja-
cent to the lower Churchill River valley. We documented 80 species during the surveys and a further nine species incidentally. 
The most numerous species were Swainson’s Thrush (Catharus ustulatus), Ruby-crowned Kinglet (Corthylio calendula), 
and Dark-eyed Junco (Junco hyemalis). Relative bird abundance was highest in hardwood and mixedwood forests and low-
est in areas dominated by Black Spruce (Picea mariana). Among the species we observed were 19 that we considered to be 
regionally rare, based on existing documentation. The most abundant of these were Least Flycatcher (Empidonax minimus), 
Cedar Waxwing (Bombycilla cedrorum), and Magnolia Warbler (Setophaga magnolia), each with more than 80 observations 
over multiple years, spanning 10 or more areas within the lower Churchill River valley. Almost all of the regionally rare spe-
cies were strongly associated with either hardwood forests, large conifers, or dense riparian vegetation. These features are 
relatively widespread within the lower Churchill River valley, but scarce elsewhere in Labrador. It is unclear whether the 
results observed represent recent range expansions or our surveys were simply the first to document long-standing regional 
populations; regardless, we recommend that our records be considered in future revisions to range maps for these species.
Key words: Birds; boreal; distribution; habitat association; Labrador; range extension

Introduction
Accurate data on the distribution and abundance 

of birds are rare for much of northern Canada and 
biased toward the few areas that have more observ-
ers and somewhat greater accessibility. This applies to 
Labrador, where the only comprehensive publication 
on birds of the region remains Birds of the Labrador 
Peninsula and Adjacent Areas (Todd 1963), although 
it focussed largely on northeastern Ontario and north-
ern Quebec. Only limited data pertain to the current 
boundaries of Labrador and are certain to be inad-
equate to describe current bird communities given 
the likelihood of changes in distribution and abun-
dance over the course of several decades. A some-
what updated overview for the lower Churchill River 
was provided by Hunter and Associates (1981), with 
a summary of historical data supplemented by limited 
field work in 1980.

Over the past two decades, first breeding records 
for Labrador have been documented for Northern Har-
rier (Circus hudsonius, near Churchill Falls; Chubbs 

et al. 2000) and Black-headed Gull (Chroicocepha-
lus ridibundus, on Lake Melville; Chaulk et al. 2004). 
Further, Whitaker’s (2017) summary of research in 
the Torngat Mountains of Labrador documented con-
firmed breeding of Spotted Sandpiper (Actitis macu-
larius) and seven songbird species far north of previ-
ously recognized range limits.

Other recent research on bird communities in Lab-
rador has included small-scale studies associated with 
forest clearing (Simon et al. 2000, 2002; Schwab et 
al. 2001, 2006), exploration of microhabitat prefer-
ences of Boreal Chickadee (Poecile hudsonicus) and 
Cape May Warbler (Setophaga tigrina; Ethier and 
Wilson 2019), use of microphone arrays by Hennigar 
et al. (2019) to investigate effects of traffic noise on 
breeding forest birds near Happy Valley-Goose Bay 
(HVGB), and analysis of bird distribution in relation 
to vegetation and altitude in the Mealy Mountains 
east of HVGB (Lewis and Starzomski 2015). The 
increasing popularity of eBird (2019) is adding to the 
knowledge of bird distribution in central Labrador, as 
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are other citizen science efforts such as the Breeding 
Bird Survey (USGS 2018) and Christmas Bird Count 
(NAS 2018). However, the overwhelming majority 
of citizen science data are limited to the vicinity of 
HVGB and, to a lesser extent, along the Trans-Labra-
dor Highway (TLH).

Whereas most of Labrador is within the taiga 
shield ecozone, the lower Churchill River valley and 
a narrow band along Lake Melville are within the 
boreal shield ecozone (ESWG 1996). This area is dis-
junct from the remainder of the boreal shield ecozone, 
which is otherwise largely restricted to below the 
southern boundary between Quebec and Labrador 
(80–150 km south of the lower Churchill River val-
ley; Figure 1). Summers are warmer and winters less 
severe than in the adjacent taiga shield ecozone, espe-
cially in sheltered parts of the valley (Way et al. 2017). 
As a result, the area is known to support species more 
generally associated with boreal forests farther south, 
notably a greater diversity of plants, including stands 
of deciduous and mixed forest. However, despite its 
relative ecological richness within Labrador, Todd 
(1963) documented this area through only a single 
expedition in July and August of 1939. Much of the 
valley is remote and although accessible by canoe, is 
rarely travelled in that manner.

Although mostly undisturbed at the time of our 
research, part of the lower Churchill River valley was 
modified with the implementation of a dam at Muskrat 
Falls in 2019, creating a 101 km2 reservoir upstream 

of Muskrat Falls, including 41 km2 of newly flooded 
lands. A potential second dam at Gull Island has been 
proposed but is not yet scheduled for development.

To understand pre-development conditions and 
establish a baseline against which the effects of future 
land use changes can be evaluated, a comprehensive 
suite of field surveys was undertaken in 2006 and 
2007, with supplementary efforts at certain locations 
in 2014–2016, as part of the environmental assess-
ment of the Lower Churchill Hydroelectric Genera-
tion Project. The extent of coverage by these surveys 
greatly surpassed any previous landbird monitoring 
efforts in the region. The primary objectives of our 
study were to describe bird communities in the lower 
Churchill River valley by land cover type as a basis 
for future comparison, and to describe the distribution 
and abundance of species that are at the northern limit 
of their range in or near central Labrador.

Methods
Study area

Our primary study area was within ~3 km on either 
side of the lower Churchill River in central Labrador, 
from the Metchin River (53.313°N, 63.366°W) in the 
west to Lake Melville (53.334°N, 60.190°W) in the 
east, a linear distance of 210 km (270 km along the 
river; Figure 1). The actual width of the river valley 
varies; there are parts that are nearly a forested can-
yon and others where the slope is so gradual that there 
is no clear distinction of where the valley edge lies. 

Figure 1. Location of the study area, with inset showing the relative distribution of the Boreal Shield and Taiga Shield 
Ecozones in Labrador.
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Our focus was primarily within the river valley, but in 
areas where it was particularly narrow (e.g., upstream 
of Gull Island) or bordered by steep cliffs (e.g., parts 
of Lake Winokapau), some of our survey routes were 
on the adjacent plateau.

For comparative purposes we also conducted 
some surveys in two secondary study areas just north 
of the primary study area: 1) upland habitat near the 
TLH over a distance of nearly 150 km from east of 
Churchill Falls (53.492°N, 63.667°W) to north of 
Gull Island (53.068°N, 61.442°W), primarily along 
an existing power transmission line; and 2) ~25 km 
along the Goose River, from north of Muskrat Falls 
(53.393°N, 60.752°W) to Lake Melville (53.394°N, 
60.386°W).
Land cover classification

The study area falls within the boreal shield eco
zone, bounded on either side by the subarctic for-
est of the taiga shield ecozone (Figure 1). Black 
Spruce (Picea mariana (Miller), Britton, Sterns, and 
Poggenburgh) is the dominant tree species, with Bal-
sam Fir (Abies balsamea (L.) Miller), Trembling 
Aspen (Populus tremuloides Michaux), and White 
Birch (Betula papyrifera Marshall) locally common 
on slopes and near the valley bottom. Small stands 
of White Spruce (Picea glauca (Moench) Voss) and 
Balsam Poplar (Populus balsamifera L.) are lim-
ited to a few flood plain locations along the lower 
Churchill River valley.

We identified seven distinct land cover catego-
ries within the study area (Table 1) and trained all 
field staff to classify sites consistently according to 
their definitions. Black Spruce (BS) is by far the most 
abundant land cover type in the study area, typically 
occurring as open stands with a carpet of Reindeer 

Lichen (Cladonia rangiferina) in uplands, and closed 
stands with Ostrich-plume Moss (Ptilium crista-cas-
trensis) dominating the understorey on slopes and 
in lowlands. Mixed conifer forest (MC) is primar-
ily found on floodplains, where large White Spruce 
or Balsam Fir trees are interspersed with some Black 
Spruce, and on Balsam Fir-dominated slopes, mostly 
in the area between Gull Island and Lake Winokapau. 
Mixedwood forest (MW) is mostly in floodplains and 
on southward facing slopes and is more frequent in 
the eastern half of the study area; deciduous trees are 
primarily Trembling Aspen. Hardwood forests (HA) 
are scarce in the study area, with larger stands mostly 
limited to along the Lower Churchill River east 
of Gull Island; Trembling Aspen is typically dom-
inant, but in some stands White Birch is also com-
mon. Riparian (RI) areas were defined as the vege-
tation along river shorelines, typically comprising 
shrubs and forbs. Wetlands (WE) comprise marshes 
and wet meadows within the lower Churchill River 
floodplain (e.g., at Upper Brook), as well as upland 
Speckled Alder (Alnus incana subsp. rugosa (Du Roi) 
R.T. Clausen) swamps, fens, and bogs. The disturbed 
(DI) category primarily (>90%) comprises regenerat-
ing burns (e.g., at Metchin River and east of Edward’s 
Brook), but also includes the area cleared for the work 
camp east of Gull Island.
Site selection

Surveys were conducted at 617 point count stations 
along 63 routes, 46 (73%) of which were in the pri-
mary study area, with the remainder split between the 
TLH uplands (n = 8; 13%) and Goose River (9; 14%; 
Figure 2a,b). We did not record the length or area of 
routes, nor the distance of individual point count sta-
tions from rivers or roads. The greatest concentration 

Table 1. Categorization of land cover types in the lower Churchill River valley.

Land cover type Description

Black Spruce (BS) Open to closed forest with Black Spruce (Picea mariana (Miller) Britton, Sterns, and Poggen
burgh), comprising >90% of trees; ground cover generally heavily dominated by Reindeer Lichen 
(Cladonia rangiferina) or feather mosses (Ptilium spp.)

Mixed conifer (MC) Forest with coniferous species comprising >90% of trees, including at least 10% White Spruce 
(Picea glauca (Moench) Voss) or Balsam Fir (Abies balsamea (L.) Miller); ground cover gener-
ally mosses and forbs

Mixedwood (MW) Forest with deciduous species (mostly Trembling Aspen, Populus tremuloides Michaux) compris-
ing 10–49% of trees, mixed with Black Spruce, White Spruce, and/or Balsam Fir; ground cover 
varied

Hardwood (HW) Forest with deciduous species (mostly Trembling Aspen) comprising >50% of trees; ground cover 
mostly forbs

Riparian (RI) Shoreline vegetation, typically dominated by Speckled Alder (Alnus incana subsp. rugosa (Du 
Roi) R.T. Clausen), willows (Salix spp.), Sweet Gale (Myrica gale L.), grasses, and sedges

Wetland (WE) Marshes, wet meadows, alder swamps, fens, and bogs; often surrounded by or even including some 
Black Spruce

Disturbed (DI) Burns with <20 years of regeneration, and other disturbed lands

https://data.canadensys.net/vascan/taxon/3675
https://data.canadensys.net/vascan/taxon/3675
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of routes (24; 38%) was in the 50 km section between 
Muskrat Falls and Gull Island, within or immedi-
ately adjacent to the projected footprint of the future 
Muskrat Falls reservoir. Locations of all routes were 
constrained by requiring road access or suitable heli-
copter landing sites within 500 m, to maximize time 
available for surveys. Especially between Gull Island 
and Lake Winokapau, the combination of steep slopes 

and nearly continuous forest cover limited landing 
options considerably, and nearly all suitable access 
points were used. Elsewhere, less common land cover 
types (especially MC, MW, and HA) were generally 
targetted wherever accessible, to boost their limited 
sample size. Survey routes in the more widespread 
land cover types (most notable BS and WE) were 
selected arbitrarily from among accessible options 

Figure 2. Point count survey locations in the a. western and b. eastern portions of the lower Churchill River valley.
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to provide a geographically balanced sample. Over-
all, 48% of routes were accessed by road and 52% by 
helicopter.

Each route comprised 6–13 point count stations, 
typically spaced 250 m to 350 m apart, and at least 
100 m from any road. For routes near the river, 
roughly half of the stations were placed below the 
future reservoir level, and half above. Route design 
was also influenced by topographic limitations (e.g., 
rivers and steep slopes) and a preference for a looped 
layout for efficiency. Individual station locations were 
pre-selected using aerial imagery and ecological land 
classification mapping such that, at minimum, the 50 
m radius around the point was in a single land cover 
type, and preferably 100 m. In the field, observers 
visually assessed each location prior to conducting 
the first survey and adjusted the position by up to 50 
m to achieve greater land cover homogeneity. Global 
positioning system coordinates were taken at each 
survey point and flagging tape was placed to facilitate 
use of the identical location in future years.

Survey effort was greatest in 2006 and 2007, with 
baseline surveys in those two years accounting for 
70% of the 1139 point counts conducted (Table 2). 
All routes surveyed in 2006 were repeated in 2007, 
except for seven along the Goose River, and 16 addi-
tional routes were covered in 2007 to address geo-
graphic gaps in the original sampling strategy and 
to target land cover types that were undersampled in 
2006. Five of the original routes were revisited again 
in both 2014 and 2015, and six others in 2016. Eight 
new routes (13% of the total) were added in 2014 and 
2015: six in or adjacent to the future Muskrat Falls 
reservoir and two near the Goose River delta.
Data collection

We collected bird data primarily through point 
counts, following a standard single-observer, fixed-
radius protocol as described by Bibby et al. (2000). 
Each count was undertaken by a single observer with 
multiple previous years of boreal bird survey expe-
rience; across all years, 13 observers collected data, 
but there were no more than five in any single year. 
Post hoc data review showed no significant differ-
ences within years among observers in terms of mean 
number of species or individuals detected per point. 

All birds seen or heard were noted, although any fly-
ing past were flagged as incidental sightings and not 
included in analyses. Each individual was treated as 
a distinct observation. Distance to each observation 
was classified as being <50 m, <100 m, or ≥100 m 
from the observer. Care was taken to track the move-
ments of individuals during a point count, to avoid 
double counting; if in doubt, the lower number was 
recorded. Surveys were timed to coincide with the 
peak of the breeding bird season from mid-June to 
early July (Table 2). Sunrise across the dates and 
locations of the survey ranged from 0435 to 0455, but 
because helicopter flight was not possible before civil 
dawn, and to avoid bias for sites accessible by road, 
all counts began after 0500 and ended by 0935. All 
counts were five minutes in duration.

We conducted a literature review to identify spe-
cies considered to be regionally rare in the study area. 
We defined species as rare if they are classified as S1 
(Critically Imperilled) in Labrador by NatureServe 
(2019), absent from Labrador according to maps in 
the most recent NatureServe (2019) or Birds of North 
America (Billerman et al. 2020) species accounts, or 
considered to occur in Labrador, but not within the 
study area according to at least three out of four field 
guides (Floyd 2008; Peterson 2012; Sibley 2016; 
Dunn and Alderfer 2017). For historical context, we 
referenced Todd (1963). We also compared our results 
with data from the four Breeding Bird Survey routes 
within our study area (Happy Valley: 1978, 1994–
2001, 2003–2007, 2009–2011, 2013–2017; Goose 
Bay: 2016; Bob’s Brook: 2011–2014, 2017; Main 
Wilson River: 2016–2017; USGS 2018), and eBird 
records from the Study Area (eBird 2019).
Data analysis

Birds detected before or after point counts, fly-
ing over during counts, over 100 m from point count 
locations, or while walking between counts were all 
noted as incidental observations. These were not used 
for calculations of relative abundance or assessment 
of land cover type association but were included in 
reporting the distribution of regionally rare species. 
We calculated relative abundance within each land 
cover type as the number of individuals detected per 
100 point counts. We summarized results by land 

Table 2. Breeding bird point count survey effort in central Labrador by year; TLH = Trans Labrador Highway.

Year Survey dates # routes # points Core focus
2006 24 June–4 July 39 342 Primary study area and Goose River
2007 11–28 June 48 450 Primary study area and TLH uplands
2014 18–25 June 9 108 Future Muskrat Falls reservoir
2015 20–25 June 10 121 Future Muskrat Falls reservoir
2016 20–26 June 14 118 TLH uplands
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cover type and year, but for discussion of rare species, 
pooled results across all years.

For each of the regionally rare species, we com-
pared their distribution from our field data with the 
published maps of NatureServe (2019), Birds of 
North America (Billerman et al. 2020), and the latest 
Smithsonian (Floyd 2008), Peterson (2012), Sibley 
(2016), and National Geographic (Dunn and Alder-
fer 2017) field guides. In each case, we estimated (to 

the nearest 50 km) the distance from the nearest edge 
of the previously mapped distribution to the farthest 
observation within the study area.

Results
Over the five years of field effort, we detected 80 

bird species at point counts in the study area, with 
a single-year high of 73 species in 2007 (Table 3; 
Table S1). We observed an additional nine species 

Table 3. Survey effort and summary results by year and primary land cover type (BS = Black Spruce, MC = mixed conifer, 
MW = mixedwood, HA = hardwood, RI = riparian, WE = wetland, DI = disturbed).

Primary land cover type
BS MC MW HA RI WE DI Total

2006
   Number of point count routes 32 22 19 7 14 16 6 39
   Number of point count stations 111 40 62 22 65 33 9 342
   Number of species observed 30 26 36 28 43 31 6 66
   Number of individuals observed 300 153 291 106 394 183 34 1461
   Mean # individuals/point count 2.7 3.8 4.7 4.8 6.1 5.5 3.8 4.3
2007
   Number of point count routes 40 20 24 10 18 20 9 48
   Number of point count stations 158 52 82 35 70 33 20 450
   Number of species observed 46 39 44 38 53 46 19 73
   Number of individuals observed 711 300 536 302 416 237 87 2589
   Mean # individuals/point count 4.5 5.8 6.5 8.6 5.9 7.2 4.4 5.8
2014
   Number of point count routes 10 5 5 2 1 2 2 10
   Number of point count stations 49 18 31 2 6 2 0 108
   Number of species observed 26 20 28 6 13 9 — 38
   Number of individuals observed 240 135 218 9 27 13 — 642
   Mean # individuals/point count 4.9 7.5 7.0 4.5 4.5 6.5 — 5.9
2015
   Number of point count routes 12 5 7 2 1 4 4 12
   Number of point count stations 66 6 27 4 5 9 4 121
   Number of species observed 30 15 25 13 9 12 12 43
   Number of individuals observed 241 39 164 31 11 24 21 531
   Mean # individuals/point count 3.7 6.5 6.1 7.8 2.2 2.7 5.3 4.4
2016
   Number of point count routes 14 7 5 0 6 8 4 14
   Number of point count stations 52 9 9 0 12 12 24 118
   Number of species observed 28 10 17 — 21 15 18 39
   Number of individuals observed 219 49 38 — 75 62 91 534
   Mean # individuals/point count 4.2 5.4 4.2 — 6.3 5.2 3.8 4.5
Total
   Number of point count routes 52 28 34 11 21 26 11 63
   Number of point counts 436 125 211 63 158 89 57 1139
   Number of species observed 60 44 52 40 62 51 52 80
   Number of individuals observed 1711 676 1247 448 923 519 233 5757
   Mean # individuals/point count 3.9 5.4 5.9 7.1 5.8 5.8 4.1 5.1
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only incidentally. The five most numerous species 
each had an overall mean relative abundance of ≥35 
individuals/100 point counts; in descending order of 
abundance they were Swainson’s Thrush (Catharus 
ustulatus), Ruby-crowned Kinglet (Corthylio calen-
dula), Dark-eyed Junco (Junco hyemalis), Yellow-
rumped Warbler (Setophaga coronata), and Tennes-
see Warbler (Leiothlypis peregrina; Table 4). These 
five species accounted for 44% of all observations; 
the 10 most abundant species comprised 67%. Three 
of the species we observed are listed under Canada’s 
Species at Risk Act (Government of Canada 2019): 
Olive-sided Flycatcher (Contopus cooperi; four 
observations), Bank Swallow (Riparia riparia; 43), 
and Rusty Blackbird (Euphagus carolinus; 16).
Land cover associations

Across all years, the mean number of individuals 
observed per point count was much higher in hard-
wood forest than any other land cover type (7.1 ver-
sus 5.9 in mixedwood forest and an overall average of 
5.1); it was lowest overall in Black Spruce (3.9; Table 
3). Results varied somewhat among years, especially 
for land cover types with smaller sample sizes, but 
Black Spruce was below average in all years, whereas 
mixedwood, hardwood, riparian, and wetland were 
each above average in all but one year of sampling.

In the Black Spruce land cover type, the five most 
abundant species (in descending order) were Ruby-
crowned Kinglet, Dark-eyed Junco, Yellow-rumped 
Warbler, Swainson’s Thrush, and Canada Jay (Peri-
soreus canadensis), ranging from 26 to 64 individu-
als/100 point counts (Table 4).

In mixed conifer forest, the five most abundant 
species were Swainson’s Thrush, Ruby-crowned 
Kinglet, Tennessee Warbler, Yellow-rumped Warbler, 
and Dark-eyed Junco, ranging from 39 to 82 individu-
als/100 point counts; Northern Waterthrush (Parkesia 
noveboracensis) and White-throated Sparrow (Zono-
trichia albicollis) also exceeded 30 individuals/100 
point counts (Table 4).

In mixedwood forest, the five most abundant spe-
cies were Swainson’s Thrush, Tennessee Warbler, 
Ruby-crowned Kinglet, Black-throated Green War-
bler (Setophaga virens), and Yellow-rumped Warbler, 
ranging from 40 to 86 individuals/100 point counts; 
White-throated Sparrow and Fox Sparrow (Passerella 
iliaca) also exceeded 30 individuals/100 point counts 
(Table 4).

In hardwood forest, the five most abundant species 
were Swainson’s Thrush, Tennessee Warbler, Black-
throated Green Warbler, Least Flycatcher (Empi-
donax minimus), and White-throated Sparrow, ranging 
from 54 to 89 individuals/100 point counts; Ruby-
crowned Kinglet, Yellow-bellied Flycatcher (Empi-
donax flaviventris), and Fox Sparrow also exceeded 

30 individuals/100 point counts (Table 4).
In riparian areas, the five most abundant species 

were Yellow Warbler (Setophaga petechia), Swain-
son’s Thrush, Northern Waterthrush, Fox Sparrow, 
and White-throated Sparrow, ranging from 30 to 88 
individuals/100 point counts (Table 4).

In wetlands, the five most abundant species were 
Ruby-crowned Kinglet, Dark-eyed Junco, White-
throated Sparrow, Swainson’s Thrush, and Fox Spar-
row, ranging from 36 to 55 individuals/100 point 
counts; Lincoln’s Sparrow (Melospiza lincolnii) and 
Canada Jay also exceeded 30 individuals/100 point 
counts (Table 4).

In disturbed areas, the five most abundant species 
were Dark-eyed Junco, White-throated Sparrow, Black-
backed Woodpecker (Picoides arcticus), Hermit Thrush 
(Catharus guttatus), and Bank Swallow, ranging from 
25 to 105 individuals/100 point counts (Table 4).

The top five species overall were among the 
five most common species in at least three of the 
seven land cover types within the study area (Table 
4). Another ten species were among the top five in 
at least one land cover type and a further four spe-
cies (Spotted Sandpiper; Yellow-bellied Flycatcher; 
Boreal Chickadee; Lincoln’s Sparrow) accounted for 
at least 5% of observations in one or more land cover 
types (Table 4).
Extralimital records

Of the 80 species detected during point counts, 
14 (18%) are considered to be regionally rare based 
on their NatureServe (2019) status for Labrador or 
range maps that show them to be absent from Labra-
dor (Table 5). The most abundant of these were Least 
Flycatcher (118 individual bird observations), Mag-
nolia Warbler (117), and Cedar Waxwing (Bombycilla 
cedrorum; 82). We observed an additional five region-
ally rare species only incidentally: Sora (Porzana 
carolina), Black-capped Chickadee (Poecile atrica-
pillus), Bohemian Waxwing (Bombycilla garrulus), 
Black-and-white Warbler (Mniotilta varia), and Com-
mon Yellowthroat (Geothlypis trichas; Table 5).

Two of the species observed are shown as entirely 
absent from Labrador in all six range maps we 
reviewed (no audio recordings or photographs are 
available for these records). We documented Brown 
Creeper (Certhia americana) in five sites ranging 
from Lake Winokapau east to Gull Island, all in coni-
fer-dominated land cover types, but with more than 
half of the records occurring in the regionally uncom-
mon mixed conifer forest. We observed Song Spar-
row (Melospiza melodia) in nine sites from Metchin 
River to east of HVGB, primarily (80%) in riparian 
areas and wetlands near the shoreline of the lower 
Churchill River and major tributaries, most notably 
Elizabeth River and Upper Brook.
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Table 4. Relative abundance (number per 100 point counts) of common birds in the lower Churchill River valley by land 
cover type (BS = Black Spruce, MC = mixed conifer, MW = mixedwood, HA = hardwood, RI = riparian, WE = wetland, DI 
= disturbed), sorted by overall mean relative abundance (rank abundance in each land cover type in parentheses; top five spe-
cies in each land cover type in bold). Common birds includes 19 species that accounted for >5% of observations in at least 
one land cover type, plus seven other species (*) that accounted for at least 1% of observations overall.

BS MC MW HA RI WE DI Total
Swainson’s Thrush
  (Catharus ustulatus)

39.2
(4)

81.6
(1)

86.3
(1)

88.9
(1)

51.9
(2)

36.0
(4)

12.3
(9)

55.5
(1)

Ruby-crowned Kinglet
  (Corthylio calendula)

64.4
(1)

68.8
(2)

49.8
(3)

38.1
(6)

17.7
(11)

55.1
(1)

22.8
(6)

51.4
(2)

Dark-eyed Junco
  (Junco hyemalis)

60.8
(2)

39.2
(5)

30.3
(8)

28.6
(9)

13.9
(14)

50.6
(2)

105.3
(1)

45.9
(3)

Yellow-rumped Warbler
  (Setophaga coronata)

47.5
(3)

40.8
(4)

39.8
(5)

28.6
(9)

19.0
(10)

23.6
(9)

17.5
(7)

37.0
(4)

Tennessee Warbler
  (Leiothlypis peregrina)

22.7
(6)

51.2
(3)

58.3
(2)

77.8
(2)

24.7
(7)

24.7
(8)

5.3
(15)

35.0
(5)

White-throated Sparrow
  (Zonotrichia albicollis)

15.8
(8)

32.8
(7)

37.0
(6)

54.0
(5)

29.7
(5)

49.4
(3)

50.9
(2)

30.0
(6)

Fox Sparrow
  (Passerella iliaca)

19.9
(7)

28.0
(8)

32.2
(7)

33.3
(8)

30.4
(4)

36.0
(4)

10.5
(11)

25.7
(7)

Canada Jay
  (Perisoreus canadensis)

25.7
(5)

16.8
(9)

18.0
(10)

11.1
(16)

5.1
(25)

30.3
(7)

12.3
(9)

19.3
(8)

Black-throated Green Warbler
  (Setophaga virens)

7.8
(11)

11.2
(13)

46.9
(4)

57.1
(3)

17.1
(12)

4.5
(26)

— 18.8
(9)

Yellow Warbler
  (Setophaga petechia)

2.1
(17)

12.8
(12)

9.5
(15)

11.1
(16)

88.0
(1)

23.6
(9)

1.8
(24)

18.7
(10)

Northern Waterthrush
  (Parkesia noveboracensis)

5.3
(14)

36.0
(6)

21.8
(9)

19.0
(12)

38.6
(3)

23.6
(9)

1.8
(24)

18.3
(11)

American Robin*
  (Turdus migratorius)

7.6
(12)

14.4
(11)

18.0
(10)

15.9
(15)

10.1
(18)

11.2
(14)

15.8
(8)

11.8 
(12)

Boreal Chickadee
  (Poecile hudsonicus)

12.2
(9)

16.0
(10)

16.1
(12)

6.3
(21)

6.3
(23)

5.6
(22)

8.8
(12)

11.5 
(13)

Alder Flycatcher*
  (Empidonax alnorum)

1.4
(24)

8.0
(14)

8.5
(17)

19.0
(12)

23.4
(8)

22.5
(12)

3.5
(17)

9.2 
(14)

Yellow-bellied Flycatcher
  (Empidonax flaviventris)

2.3
(17)

8.0
(14)

14.7
(14)

36.5
(7)

5.1
(25)

3.4
(29)

— 7.5
(15)

Hermit Thrush
  (Catharus guttatus)

10.3
(10)

4.0
(22)

2.8
(26)

1.6
(32)

0.6
(50)

11.2
(14)

26.3
(4)

7.3
(16)

Magnolia Warbler*
  (Setophaga magnolia)

2.3
(17)

6.4
(19)

8.5
(17)

4.8
(23)

21.5
(9)

5.6
(22)

1.8
(24)

6.9
(17)

Least Flycatcher
  (Empidonax minimus)

0.9
(34)

4.8
(21)

6.6
(19)

55.6
(4)

9.5
(20)

3.4
(29)

— 6.8
(18)

Lincoln’s Sparrow
  (Melospiza lincolnii)

1.6
(23)

3.2
(23)

1.4
(36)

4.8
(23)

16.5
(13)

31.5
(6)

5.3
(15)

6.5
(19)

Red-breasted Nuthatch*
  (Sitta canadensis)

2.3
(17)

7.2
(17)

15.2
(13)

4.8
(23)

3.8
(28)

2.2
(35)

1.8
(24)

5.5
(20)

Orange-crowned Warbler*
  (Leiothlypis celata)

5.0
(15)

2.4
(25)

9.5
(15)

19.0
(12)

1.9
(37)

2.2
(35)

1.8
(24)

5.5
(20)

White-winged Crossbill*
  (Loxia leucoptera)

6.4
(13)

3.2
(23)

6.2
(21)

3.2
(29)

3.8
(28)

5.6
(22)

1.8
(24)

5.2
(22)

Pine Siskin*
  (Pinus spinus)

3.9
(16)

7.2
(17)

6.6
(19)

9.5
(20)

7.6
(22)

— — 5.1
(22)

Spotted Sandpiper
  (Actitis macularius)

0.5
(39)

2.4
(25)

0.9
(40)

— 29.1
(6)

1.1
(44)

— 4.7
(24)

Bank Swallow
  (Riparia riparia)

1.1
(24)

1.6
(29)

0.5
(41)

— 12.0
(15)

2.2
(35)

24.6
(5)

3.8
(26)

Black-backed Woodpecker
  (Picoides arcticus)

0.7
(36)

— 1.4
(36)

— 1.3
(42)

— 31.6
(3)

2.3
(31)
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Another two species are recognized by some ref-
erences as occurring within Labrador, although only 
outside the study area. We found Downy Woodpecker 
(Dryobates pubescens) and Yellow-bellied Sapsucker 
(Sphyrapicus varius) at the same three sites (Birch 
Slope, Edward’s Brook, and Lower Brook), within 
a span of <40 km along the north side of the lower 
Churchill River that supports a particularly high den-
sity of hardwood and mixedwood forest.

A further seven species have been previously doc-
umented as occurring within part of the study area but 
were found outside of mapped range during our sur-
veys. Most notably, Least Flycatcher is recognized 
as having an outlier population around HVGB. We 
recorded it as far west as Fig River and Lake Win-
okapau, over 150 km to the west; however, 98% of 
observations were between Goose Island and HVGB. 
It was highly associated with mixedwood, hardwood, 
and riparian areas. Golden-crowned Kinglet (Regu-
lus satrapa) has been mapped as occurring in south-
west Labrador and around HVGB, but we found it to 
be widespread from Fig River to the HVGB Water 
Treatment Plant, primarily in association with large 
White Spruce in mixed conifer and mixedwood for-
est types. Cedar Waxwing is mapped as being absent 
from Labrador or limited to the southern edge of Lab-
rador up to near HVGB, but we observed it at 13 sites 
from Metchin River to Lake Melville, heavily asso-
ciated with riparian areas and wetlands, and second-
arily with hardwood and mixedwood forest. Cape 
May Warbler is considered to have, at most, a lim-
ited distribution in Labrador, but we found it in seven 
sites from Fig River east to Lake Melville; it was 
restricted to conifer-dominated land cover types, but 
notably more common in mixed conifer and mixed-
wood forest than in areas dominated by Black Spruce. 
Additionally, for three species mapped as occurring 
around HVGB, we had single incidental observations 
upstream: Sora at Upper Brook, Black-capped Chick-
adee at Birch Slope, and Black-and-white Warbler at 
Edward’s Brook.

We also confirmed the presence of three species 
that are shown by at least one reference to occur 
rarely within the study area. Sibley (2016) recognizes 
Philadelphia Vireo (Vireo philadelphicus) as rare in 
the lower Churchill River valley, consistent with our 
nine detections of the species at five sites between 
Gull Island and Lower Brook, almost all associated 
with hardwood and mixedwood forest. Floyd (2008) 
and Sibley (2016) have mapped Nashville Warbler 
(Leiothlypis ruficapilla) as rare in central Labrador, 
which aligns with our 15 observations at seven sites 
between Fig River and the Water Treatment Plant, 
all but one of which were in Black Spruce or mixed-
wood forest. Sibley (2016) also identified Common 

Yellowthroat as rare in central Labrador; we had only 
two incidental observations in riparian and wetland 
sites at Gull Island and Upper Brook, ~35 km apart.

Finally, we confirmed the presence of another 
five species that are shown to occur throughout the 
study area in some maps, but not others. Of these, 
Magnolia Warbler was the most abundant and wide-
spread, with 117 individual bird observations at 16 
sites spanning the entire study area, and across all 
land cover types, although most frequently in ripar-
ian and mixedwood forest. Winter Wren (Troglo-
dytes hiemalis) was also numerous and widely dis-
tributed, with 44 observations at 12 sites along almost 
the full length of the lower Churchill River, especially 
in areas with mixedwood and mixed conifer forest. 
Purple Finch (Haemorhous purpureus) also occurred 
over a large area, at five sites from Elizabeth River to 
the Water Treatment Plant, but was scarce, with only 
seven observations in total, all associated with conif-
erous or mixedwood forest. Red-eyed Vireo (Vireo 
olivaceus) had a more restricted distribution, but was 
locally common, with 36 observations at eight sites 
between Gull Island and the Water Treatment Plant, 
overwhelmingly in hardwood and mixedwood for-
est. There was only one sighting of Bohemian Wax-
wing, a flock of eight individuals in hardwood forest 
on Birch Slope in 2007.

Discussion
Our lower Churchill River valley bird surveys 

represent the most extensive documentation to date 
of any landbird communities in Labrador. Between 
2006 and 2016, we observed 80 species during point 
counts, predominantly (56; 70%) passerines and 
woodpeckers. This is an unusually high level of avian 
diversity for Labrador, but the overall bird commu-
nity is fairly typical for boreal Canada (Kirk et al. 
1996) and reflects the presence of several species 
that require the habitat diversity limited to the lower 
Churchill River valley.

Including incidental observations, the total of 
89 species we observed is similar to the cumulative 
sum of 83 species documented on the HVGB Breed-
ing Bird Survey route over 22 years of effort between 
1978 and 2016 (USGS 2018). However, 16 species 
were observed on that route only once, and another 
two species (American Bittern [Botaurus lentigino-
sus] and European Starling [Sturnus vulgaris]) appear 
to be strictly limited to the area immediately around 
HVGB, as we did not observe them on any of our sur-
veys in the lower Churchill River valley. Conversely, 
11 of the species we observed have never been doc-
umented on the HVGB Breeding Bird Survey route: 
Green-winged Teal (Anas crecca), Semipalmated 
Plover (Charadrius semipalmatus), Least Sandpiper 
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(Calidris minutilla), Solitary Sandpiper (Tringa sol-
itaria), Bald Eagle (Haliaeetus leucocephalus), Yel-
low-bellied Sapsucker, Brown Creeper, Golden-
crowned Kinglet, Song Sparrow, Nashville Warbler, 
and Common Yellowthroat. Only two additional spe-
cies have been observed on other Breeding Bird Sur-
vey routes in the region but not on our surveys: Surf 
Scoter (Melanitta perspicillata) at Bob’s Brook in 
2014, and Arctic Tern (Sterna paradisaea) at Main 
Wilson River in 2017 (USGS 2018).

The only previous study focussing extensively 
on the lower Churchill River valley was a historical 
review supplemented by limited field effort in 1980 
(Hunter and Associates 1981). It reported 60 passer-
ine and woodpecker species, compared to 56 in our 
study, but also included several species that were 
transient migrants not expected to be in the lower 
Churchill River valley during the breeding season 
(e.g., Horned Lark [Eremophila alpestris], Ameri-
can Pipit [Anthus rubescens]). Of the potential breed-
ing species listed by Hunter and Associates (1981), 
the only ones we did not observe were Evening Gros-
beak (Coccothraustes vespertinus), Chestnut-sided 
Warbler (Setophaga pensylvanica), and Blackbur-
nian Warbler (Setophaga fusca). These three species 
are shown in recent range maps (e.g., Peterson 2012; 
Dunn and Alderfer 2017) as having range limits >400 
km to the southwest, comparable to the distribution 
mapped in some field guides for species that we did 
observe in large numbers (e.g., Magnolia Warbler). 
Conversely, we found nine species for which Hunter 
and Associates (1981) reported no previous records: 
Downy Woodpecker, Least Flycatcher, Black-capped 
Chickadee, Brown Creeper, Winter Wren, Bohemian 
Waxwing, Philadelphia Vireo, Nashville Warbler, and 
Cape May Warbler. However, four of these species 
(Brown Creeper, Winter Wren, Philadelphia Vireo, 
and Cape May Warbler) were also documented by 
Hennigar et al. (2019) in the area north of HVGB in 
2016 and 2017.

Abundance of some species has changed over 
time. For example, one to five Rusty Blackbirds were 
observed daily during surveys of the lower Churchill 
River valley in 1980 (Hunter and Associates 1981) 
whereas we had only 16 total observations over our 
41 days of effort between 2006 and 2016, perhaps 
reflecting the significant long-term population decline 
of this species (COSEWIC 2017). Other bird pop-
ulations may have been elevated during our study 
because of a Spruce Budworm (Choristoneura fumif-
erana) outbreak around HVGB that began in 2007 
and peaked in 2013 but persisted broadly until 2016 
(Lavigne 2019). In particular, Cape May Warbler 
and Tennessee Warbler are considered Spruce Bud-
worm specialists, but Golden-crowned Kinglet has 

also been shown to respond particularly strongly to 
such events, and numerous others to a lesser extent 
(Holmes et al. 2009; Venier et al. 2009).

We found abundance and diversity to be consis-
tently greatest in hardwood, mixedwood, and mixed 
conifer forests. These land cover types provide greater 
structural diversity than others, as they not only have 
a richer and more varied layer of ground vegetation 
and shrubs, but also are the only areas where large 
trees thrive, especially White Spruce. Within Labra-
dor, these land cover types are largely limited to the 
boreal shield ecozone. Even within it, they occur pri-
marily in the lower Churchill River valley floodplain 
and adjacent slopes. We also found above average 
bird abundance and diversity in many riparian areas, 
although many of these were narrow strips of veg-
etation adjacent to hardwood, mixedwood, or mixed 
conifer forests, and those associated land cover types 
may have contributed to the birds observed. Con-
versely, bird abundance and diversity tended to be 
lowest in Black Spruce forests and disturbed areas, 
which have the least structural complexity. This is 
consistent with the findings of Lewis and Starzomski 
(2015) at higher elevations in the Mealy Mountains 
east of HVGB, where vegetation was somewhat dif-
ferent, but vegetation structure was also strongly asso-
ciated with the composition of the avian community.

Overall, we found Ruby-crowned Kinglet, Swain-
son’s Thrush, and Dark-eyed Junco to be the most 
abundant breeding birds in the lower Churchill River 
valley; these were also among the top five species 
detected by Hennigar et al. (2019) north of HVGB. 
Each of these three species was among the two most 
abundant in three land cover types and occurred at 
least uncommonly in all others. Nonetheless, we 
found that the avian community differed notably 
among all seven land cover types. For the most part, 
observed land cover associations were typical (e.g., 
Billerman et al. 2020), and species with narrower 
ecological niches (e.g., Red-eyed Vireo in decidu-
ous forest [Cimprich et al. 2020]; and Black-backed 
Woodpecker in recent burns [Tremblay et al. 2020]) 
were more restricted in their distribution than gen-
eralists (e.g., American Robin [Turdus migratorius], 
Vanderhoff et al. 2020). Only a few species deviated 
notably from typical habitat associations. Tennessee 
Warbler was most abundant in hardwood and mixed-
wood forest, as expected (Rimmer and McFarland 
2020), but almost equally numerous in mixed conifer 
forest, which is unusual but perhaps explained by the 
limited extent of typically preferred habitat and the 
availability of a diverse understorey in mixed conifer 
stands. Conversely, Black-throated Green Warbler is 
generally associated with coniferous stands in most of 
its range (Morse and Poole 2020) but in our study area 
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was found on average five times more frequently in 
mixedwood and hardwood forests, possibly reflecting 
its preference for large-diameter trees (Robichaud and 
Villard 1999). Similarly, Yellow-bellied Flycatcher is 
typically considered to be a bird of moist spruce and 
fir forests (Gross and Lowther 2020), but in the lower 
Churchill River valley was far more abundant in hard-
wood forests.

Most of the birds observed during our study are 
typical of south-central Labrador. But there were 19 
species that are generally considered rare or poorly 
documented in Labrador. Most of these are strongly 
associated with hardwood forests (Downy Wood-
pecker, Yellow-bellied Sapsucker, Least Flycatcher, 
Black-capped Chickadee, Red-eyed Vireo, Black-
and-white Warbler), large mature conifers (Brown 
Creeper, Winter Wren, Golden-crowned Kinglet, 
Purple Finch, Cape May Warbler), or shrubby ripar-
ian zones (Cedar Waxwing, Song Sparrow, Common 
Yellowthroat). Their presence in the lower Churchill 
River valley is not surprising given that these vegeta-
tion types are reasonably common within the boreal 
shield ecozone. Many of these may be long-estab-
lished peripheral populations, rather than evidence of 
range extensions, but given the limited historical data 
from the region it is impossible to know.

We only confirmed breeding for two of the region-
ally rare species (Downy Woodpecker and Yellow-
bellied Sapsucker), as most of our effort was dur-
ing short early morning point counts in June, which 
were not particularly conducive to observing nest-
ing behaviour and too early for there to be fledged 
young of most species. However, we are confident 
that the remaining species are at least probable breed-
ers, based on the total number observed in the study 
area and records in similar locations over multiple 
years. In particular, Magnolia Warbler (78 individual 
records) and Least Flycatcher (77) ranked among the 
20 most abundant species overall at our point counts 
and were also observed incidentally on many other 
occasions. All 19 of the regionally rare species have 
previous eBird records for the study area (ranging 
from one in 2009 for Common Yellowthroat to >100 
for Least Flycatcher spanning 1987–2018, and >1000 
for Bohemian Waxwing during winter months since 
2008), but entirely limited to HVGB and immediate 
surroundings (eBird 2019).

For some of these species (e.g., Hairy Wood-
pecker, Red-eyed Vireo, Cape May Warbler), recent 
editions of field guides have started to show small 
dots representing a disjunct population around 
HVGB, north of the limit of their continuous range. 
Floyd (2008) and Sibley (2014) have introduced a 
“rare” indicator to their maps and indicated that Nash-
ville Warbler and Common Yellowthroat occur at low 

densities within the lower Churchill River valley and 
surrounding areas, consistent with our observations. 
However, our findings indicate that many of the spe-
cies previously recognized as occurring in HVGB 
also are present to varying extents along much of the 
lower Churchill River valley. We acknowledge that it 
is uncertain whether our observations represent true 
range extensions, or simply the first documentation of 
long-established populations. Regardless, we encour-
age authors of future revisions to consider extend-
ing their mapping accordingly. This is particularly 
important for NatureServe (2019) and the Birds of the 
World series (Billerman et al. 2020). These are the 
leading references for bird species in North America, 
yet are the least reflective of current bird distributions, 
with Purple Finch being the only one of the region-
ally rare species to be shown as occurring in the lower 
Churchill River valley in either resource.

Although we documented the presence of many 
regionally rare species in the lower Churchill River 
valley, our survey effort was nonetheless not com-
prehensive. Our efforts focussed largely on forest 
birds, and while we found some waterbirds and rap-
tors incidentally, the timing of our surveys was not 
optimal for detecting most of these species. Addition-
ally, our field effort was constrained by access and 
was particularly limited in the western two-thirds of 
the study area, which is largely away from any roads, 
and where even helicopter landing options are scarce 
in some areas. We preferentially targetted uncom-
mon land cover types that tend to support a broader 
diversity of birds (most notably hardwood and mixed-
wood forest and wetlands) but were not able to access 
all such locations in the study area. Undoubtedly, at 
least some individuals present within the 100 m point 
count radius were undetected during the 5 min sam-
pling period. It is thus quite likely that our results 
underestimated the distribution and abundance of 
regionally rare species. However, it is also probable 
that the regional abundance of some of these species 
has declined since flooding of the Muskrat Falls Res-
ervoir, given that many of them are closely associated 
with uncommon land cover types that were dispro-
portionately extensive within that area. This was most 
notable of three species (Sora, Semipalmated Plover, 
and Least Sandpiper) that we observed only at Upper 
Brook. Conversely, there may be some rebound over 
time as novel riparian and other vegetation commu-
nities develop along the new shoreline. We there-
fore encourage further exploration and documenta-
tion of birds in the lower Churchill River valley, to 
assess the implications of this change to the land-
scape, and to monitor for potential further additions 
to the community.
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Abstract
Waterfowl managers are concerned that Lesser Scaup (Aythya affinis) breeding populations remain below conservation goals. 
Contrasting population growth trajectories for sympatric, phylogenetically similar Lesser Scaup and Ring-necked Duck 
(Aythya collaris) at Erickson, Manitoba, Canada, prompted investigations that might help explain these trends and provide 
insight for population management of both species. We collected data (2008–2018) on productivity (broods/pair), water lev-
els, hatching dates, age class-specific brood sizes, duckling daily survival rate, and brood female response to disturbance and 
compared results between species over time. Ring-necked Duck productivity was greater (0.42 versus 0.28, P < 0.01), hatch-
ing dates were earlier (19 July versus 27 July, P < 0.001), and females attempted to hide their broods more often than did 
Lesser Scaup (16% versus 3%, P < 0.001), but Ring-necked Duck age class-specific brood sizes were smaller than for Lesser 
Scaup (Ia broods: 6.1 versus 6.8, P = 0.02; IIa broods: 5.6 versus 6.2, P = 0.02). Duckling daily survival rates were similar. 
Productivity of both species was positively related to annual change in pond water level and both demonstrated similar rates 
of response to change. There was no support for an association between productivity and one- or two-year lagged pond water 
levels. Consistent with previous findings, our results suggest that greater Ring-necked Duck productivity is a likely proxim-
ate cause for the differing population growth trajectories between the species. We suggest that better Ring-necked Duck nest 
placement may be a contributing factor to the greater nest success observed.

Key words: Lesser Scaup; Ring-necked Duck; productivity; hatching dates; brood size; duckling survival

Introduction
Knowledge of how reproductive rates change spa-

tio-temporally under differing environmental condi-
tions is important for the effective management of 
waterfowl populations, and may aid our understand-
ing of species-specific population growth rates. Sym-
patric phylogenetically and morphologically similar 
species whose breeding, nesting, and brood habitats 
are similar might be expected to have similar repro-
ductive rates (Martin 1995; Sæther and Bakke 2000). 
However, under the influence of a stochastic environ-
ment, anthropogenic influences, density dependence, 
or other factors (e.g., intrinsic nesting behaviour; 
Koons and Rotella 2003a), a species’ demographic 
traits (e.g., clutch size, nest success, and duckling, 
juvenile, and adult female survival and thus popu-
lation growth rate) may differ from another closely 

related species (Koons et al. 2006, 2014; Sæther et 
al. 2016).

Ring-necked Duck (Aythya collaris) and Lesser 
Scaup (Aythya affinis) are phylogenetically and mor-
phologically similar diving ducks (Livezey 1996) 
whose breeding ranges overlap in central, west-
ern, and northwestern North America (Anteau et al. 
2014; Roy et al. 2020) but whose long-term conti-
nental populations are trending inversely. The annual 
Breeding Waterfowl Population Survey suggests the 
Ring-necked Duck continental population is sta-
ble or increasing (1998–2019) but that the com-
bined continental population of Lesser and Greater 
Scaup (Aythya marila: counted together on surveys) 
has declined from highs of five to seven million 
birds in the 1970s to three to five million in the past 
decade, ~20% below the North American Waterfowl 
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Management Plan population goal (US F&WS 
2019). Lesser Scaup constitute about 90% of the 
combined scaup population and most of the decline 
has been attributed to this species because of wide-
spread decline in the Canadian western boreal forest, 
where most Lesser Scaup breed (Afton and Anderson 
2001). Whereas change in reproductive and/or sur-
vival rates could explain distinct population trends of 
Ring-necked Duck and Lesser Scaup, only nest suc-
cess has been suggested as a proximate cause, and at 
only one site (Koons and Rotella 2003a). Nest success 
is considered an important driver of waterfowl popu-
lation change (Baldassarre and Bolen 2006) but adult 
female survival, and duckling and juvenile survival 
are also important (McAuley and Longcore 1988; 
Brook and Clark 2005; Koons et al. 2017; Roy et al. 

2019). However, field studies comparing juvenile 
and adult female survival rates for sympatric Ring-
necked Duck and Lesser Scaup have not been done.

Near a long-term waterfowl study area in south-
western Manitoba, the Lesser Scaup breeding popula-
tion has declined from the early 1980s to about 2000 
when numbers appear to have stabilized. In contrast, 
Ring-necked Duck breeding density has increased 
dramatically from the 1970s (Koons and Rotella 
2003a; Hammell 2014, 2016; Figure 1). Such distinc-
tive long-term population trends for these phyloge-
netically and morphologically similar species affords 
testing of hypotheses regarding species difference 
in reproductive metrics. We collected data of repro-
ductive metrics and associated covariates from 2008 
to 2018 to determine if there were species-related 

Figure 1. Total number of a. Lesser Scaup (Aythya affinis) and Greater Scaup (Aythya marila) and b. Ring-necked Duck 
(Aythya collaris) from Canadian Wildlife Service/United States Fish and Wildlife Service annual waterfowl counts in the 
three segments nearest the study area near Erickson, Manitoba, 1955–2018 (stratum 40: transect 4, segment 4; transect 6, 
segments 3 and 4). The solid and dash lines represent polynomial trend lines. Data from Migratory Bird Data Centre [n.d.].
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differences in this region that may help to explain 
their disparate population trends.

Study Area
The study area is situated in the parkland pot-

hole region of southwestern Manitoba near Erickson, 
Manitoba (50.47035°N, 99.89584°W). The inten-
sively studied areas constitute a block (6.8 km²) and a 
roadside transect (21.7 km long and 400 m on either 
side of the road) established 4.0–12.5 km to the south-
east in 2009 and collectively constitute an area of 22.6 
km² (hereafter the primary study area, see Hammell 
2016 for map). The 2009–2018 transect was estab-
lished to increase pair and brood sample sizes as pre-
liminary data collection in 2008 indicated that the 
Lesser Scaup breeding population on the block (19–
23 pairs, 1970–1972) had decreased significantly 
(two pairs, 2008; Hammell 2014). In 2008–2018, the 
block contained about 141 wetlands: 53 class I and 50 
class II, 10 class III, seven class IV, and 21 class V; 
size range ≤0.1–11.5 ha (Stewart and Kantrud 1971). 
Relative to other agricultural areas of Manitoba, the 
study site has changed little in wetland area or upland 
use from the early 1970s (Hammell 2014). During 
a record wet year in 2011, several permanent ponds 
(class V) joined to form several larger wetlands (larg-
est 21.7 ha). The 2009–2018 transect consisted of all 
class II–V wetlands with observable water (32 class II 
[temporary], 56 class III [seasonal], 41 class IV, and 
32 class V) and required walking and driving to sur-
vey adequately. We chose a 400 m (rather than 200 m) 
width because evidence suggests that wider transects 
better represent pond density, size and distribution 
and, thus, more reliably represent breeding densities 
of Lesser Scaup and Ring-necked Duck (Austin et al. 
2000). To increase sample sizes, additional hatch date 
and brood size data were collected from other ponds 
near the primary study area. The uplands in the Erick-
son area are a mixture of lands sown to cereal and oil-
seed crops, hay, pasture, and native woodland. The area 
and changes over time are described in more detail by 
Rogers (1964), Sunde and Barica (1975), Afton (1984), 
Koons and Rotella (2003a), and Hammell (2014).

Methods
Breeding pair surveys

To record breeding populations of Lesser Scaup 
and Ring-necked Duck on the block, one or two 
observers walked a fixed route at approximately 
weekly intervals between 0600 and 1400 from mid-
May to mid-June 2008–2018 (three to six annual 
surveys). All class II–V wetlands were visited and 
scanned from one or more elevated locations. We 
checked class I, tillage, and class II wetlands with 
closed emergent vegetative stands while en route to 

other ponds but did not visit these consistently as both 
species are rarely observed on them (Hammell 1973). 
Observed pairs and single males and females counted 
on small, isolated ponds, away from “primary wait-
ing areas” (Dzubin 1955: 183), were considered as 
indicated pairs. We used data from surveys conducted 
after migration but during the pre-egg-laying and 
early-laying periods to avoid the bias of non-paired 
males being counted as representing pairs; migration 
ended when pair numbers stabilized on the block. We 
approximated timing of first egg laying by backdat-
ing from estimated date of earliest brood appearance 
(see Brood surveys below) assuming egg laying plus 
incubation for Lesser Scaup (Koons 2001) and Ring-
necked Duck (Mendall 1958; Roy et al. 2019) were 
36 and 35 days, respectively.

For breeding pair counts on the 2009–2018 road-
side transect, we used criteria similar to those for the 
block area. We conducted counts between 0530 and 
1800 as Lesser Scaup were highly visible throughout 
the day and previous research has shown no differ-
ences in numbers of indicated pairs for counts con-
ducted from 0530 to 1330 (Diem and Lu 1960). We 
assumed that Ring-necked Duck were also highly vis-
ible throughout this period (G.S.H. pers. obs.). From 
2009 to 2018, we conducted three annual roadside 
surveys during late migration to early nesting (21–25 
May, 31 May–4 June, 6–12 June). We walked to dis-
tant or hidden wetlands and viewed them from sev-
eral locations to ensure complete coverage. For 2009 
and 2010, time constraints allowed only a partial sur-
vey of this transect (40% of class II and III wetlands, 
60% of class IV and V wetlands), taking about eight 
hours to complete. For 2011–2018, we visited all 
ponds (classes II–V) within 400 m of the road, over 
two days (three days in 2018), taking 17 h to com-
plete. Some ponds were bisected by the roadside tran-
sect; thus, we recorded pairs on the entire pond and 
included this total in the total transect pair count.

As the 2009 and 2010 transect pair data were 
incomplete, results were adjusted for biases described 
above to estimate the number of pairs on the entire 
transect for those years. Using 2011–2018 data, we 
developed a correction factor (CF) for each survey 
count using numbers of pairs observed on all ponds 
and numbers observed only on ponds that were in 
addition to those surveyed in 2009 and 2010:

CF = PRmissed

PRtotal

where, in 2011–2018, PRmissed is the number of pairs 
counted on wetlands that were not visited in 2009 or 
2010, and PRtotal is the total number of pairs counted on 
all wetlands. This factor is the proportion of the count 
on missed ponds and was determined within each 
year for those counts considered post-migration and 
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these values were averaged. The average (CFaverage)  
of the yearly count averages for 2011–2018 was 
applied to average counts for 2009 and 2010, e.g.,

= 
average pairs recorded (2009)

[1.00 − CFaverage]

Estimated total 
pairs all ponds 

(2009) 
This analysis indicated that the mean number of 

Lesser Scaup and Ring-necked Duck pairs recorded 
in 2009 and 2010 on the partly surveyed transect rep-
resented about 70% of the total number of pairs of 
each species on the entire transect. This adjustment 
was applied to the 2009 and 2010 raw data. Exclusion 
of the 2009–2010 missed pond data in the follow-
ing years would have biased productivity estimates 
(broods/pair) high because our pond sample would 
not be representative of local habitat conditions (i.e., 
over-representation of brood ponds). Estimated pairs 
and broods on the block area were added to those on 
the roadside transect and this total represented the 
pair and brood estimate on the primary study area.
Brood surveys

Broods of Lesser Scaup near Erickson are rel-
atively easily found, as they usually swim to open 
areas in the centre of a pond when disturbed (Ham-
mell 1973; Anteau et al. 2014). Ring-necked Duck 
females react similarly by swimming to the centre or 
opposite edge of the pond from the observer, infre-
quently swimming into the outer edge of the emer-
gent vegetation but often remaining visible (G.S.H. 
pers. obs.). We interpreted a female taking a brood 
partially or completely into emergent vegetation or 
out of sight into another area of a pond as an attempt 
to hide a brood. For both species, we described a 
brood as a group of up to 12 ducklings attended by 
a female or two to 12 isolated ducklings with no 
female and whose age did not correspond with that of 
other nearby broods. To compare per capita produc-
tivity (broods/pair), larger groups (13–24 ducklings) 
were considered two broods. Brood data recorded 
on ponds on the primary study area were used to 
determine productivity and data collected on nearby 
ponds using similar methods increased sample sizes 
for hatch date, brood size, and survivability analysis. 
We recorded presence or absence of an adult female, 
if females attempted to hide their brood, and brood 
age and size. We used brood age, size, and location 
to avoid duplication in counts. To satisfy the gen-
eral assumptions necessary for accurate estimation of 
duckling survival (Walker 2004; Walker and Lindberg 
2005), we considered losses of ducklings between 
counts to represent mortality (known fates) and not 
emigration to other broods or ponds because (i) ponds 
were monitored for broods with additional ducklings 
and for orphaned ducklings, (ii) females with broods 

of age classes <IIa (Gallop and Marshall 1954) rarely 
accepted ducklings of an age discernably different 
from their own and, (iii) ducklings do not leave a 
pond unless led by a female. Mortality was not con-
sidered to be affected by investigator activity because 
broods were approached cautiously at a distance and 
females did not flush from their brood. For both spe-
cies, within-brood duckling mortalities were deemed 
largely independent of one another because ~90% of 
losses were ≤ two ducklings (McAuley and Longcore 
1988). Occasionally, brood size increased between 
counts due to exchange of similarly aged ducklings, 
brood amalgamation, or adoption of orphaned duck-
lings. If the increase could not be explained using 
clues from previous brood counts, presence of addi-
tional brood females, and known size and age of other 
broods on the same pond or on nearby ponds, then, 
the brood observations were censored prior to the 
increased count. This study lacked marked individu-
als, but as noted by others (Gauthier 1987; McAuley 
and Longcore 1988) using similar methods to ours to 
determine duckling survival of unmarked diving duck 
broods, ease of brood observation and repeated pond 
visitation provided confidence in our critical assump-
tions that we were observing the same broods repeat-
edly. We are unaware of any biases in our daily survival 
rate (DSR) methods, but if they did occur, they would 
apply equally to both species over the time series.

Occasionally, Lesser Scaup and Ring-necked 
Duck broods contained ducklings of other water-
fowl species, usually Redhead (Aythya americana) 
and these ducklings were removed from the recorded 
brood size. We estimated brood ages based on juve-
nile plumage characteristics (Gallop and Marshall 
1954). For each brood, a hatching date was estimated 
from several brood observation dates, by backdating 
using duckling approximate age in days. Brood sur-
veys began during the last week of June and, because 
Lesser Scaup and Ring-necked Duck females usu-
ally move their broods from smaller to larger (usu-
ally class V) ponds as they mature (Hammell 1973; 
Corcoran et al. 2007; G.S.H. pers. obs.), surveys 
were conducted on class IV and V ponds until broods 
reached age class IIa (Lesser Scaup: 21–28 days old; 
Ring-necked Duck: 17–24). However, ducklings can 
become stranded in small transition wetlands (e.g., 
class III) if their brood female is depredated during 
movements to larger brood ponds and therefore class 
III ponds with remaining water were occasionally sur-
veyed for broods as well. Greatest duckling losses and 
most brood movement occur before ducklings reach 
age class IIa (Mendall 1958; Afton 1983; McAuley 
and Longcore 1988; Dawson and Clark 1996; Brook 
2002; Corcoran et al. 2007). Also, because most 
brood-rearing Lesser Scaup females spend increasing 
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amounts of time away from their broods after they 
reach age class IIa, ducklings often form groups on 
lakes making it difficult to distinguish individual 
broods (Hines 1977; Afton 1984). Similarly, some 
Ring-necked Duck females abandon broods (Maxson 
and Pace 1992), or are depredated after age class IIa 
and broods can lose their integrity. Thus, age class IIa 
broods are relatively stable in size and location, and 
represent a good index of juveniles fledged (Afton 
1984; Koons and Rotella 2003b). Although brood 
monitoring declined after broods reached age class 
IIa, we were able to record opportunistically, a lim-
ited amount of survival data on broods greater than 
age class IIa and these data were also compared.

Brood search effort averaged about seven visits/
pond annually during 2008–2018: mean 7.6, range 
5.5–9, no. ponds 35–54). Because broods move freely 
over the entire area of a lake (G.S.H. pers. obs.), plac-
ing a brood “in” or “out” of the transect was diffi-
cult when the transect line bisected a lake. Thus, we 
counted all broods on bisected lakes and assumed that 
these broods resulted from the total pair count for 
that lake. Occasionally, broods disappeared between 
counts and may have moved to a nearby pond or suf-
fered total brood loss; the extent of such possible 
losses was unknown. Brood surveys on the transect 
were incomplete in 2009 and 2010 (three potential 
brood ponds unobserved out of 47), thus, a correc-
tion factor was applied to these data similar to that for 
pairs. This analysis resulted in one Lesser Scaup and 
one Ring-necked Duck brood being added to 2009 
and 2010 total estimates.

To compare Lesser Scaup and Ring-necked Duck 
productivity response to changing wetland water level 
during 2009–2018, we collected relative water-level 
change measured from a fixed point on permanent 
stakes hammered into the pond substrate of 15 class 
IV and V wetlands on or near the block area and aver-
aged the results. At Erickson, both species nest over-
water (nest surrounded by water when found): Lesser 
Scaup, ~60%; Ring-necked Duck, ~100% (Hammell 

1973; Koons and Rotella 2003a), and changing water 
levels may affect nest success (Navarre 2020) and 
productivity. We developed a wetland scoring sys-
tem (Table 1; Table S1) that incorporated three Lesser 
Scaup reproductively significant periods of the breed-
ing season as a guide: overall local spring wetland 
condition (dry to flooded based on G.S.H. pers. obs.), 
pre-nesting wetland condition (water-level drop or 
rise [cm] from early May to early June), and nest-
ing wetland condition (water-level drop or rise [cm] 
from egg laying to first brood in mid July). Generally, 
the wetter the annual period, defined by higher and/
or more stable water levels, the higher the score for 
that period. A yearly score was determined for each 
of the three periods and the sum of these scores repre-
sented the score for that year. We chose these periods 
because Lesser Scaup breeding propensity at Erick-
son is positively related to spring wetland condition 
(conditions on arrival at the breeding grounds affect 
the pair’s decision to remain and conditions up to the 
nesting period determine the decision of the female 
to initiate egg laying [Afton 1984]), and because at 
Erickson, ~60% of Lesser Scaup nest overwater and 
overwater nests are more successful than dryland 
nests (Hammell 1973; Koons and Rotella 2003b), 
then productivity may be influenced by water-level 
stability during the egg-laying and incubation period 
(Navarre 2020). At Erickson, Ring-necked Duck initi-
ate egg laying ~15 days before Lesser Scaup (Koons 
and Rotella 2003a) and little is known about factors 
affecting breeding propensity but like Lesser Scaup, 
we expected Ring-necked Duck productivity to change 
with wetland water levels as noted by Mendall (1958).
Data analysis

We used linear regression (McDonald 2014; Excel 
Data Analysis Add-in module [Microsoft, Redmond, 
Washington, USA]) to track breeding pair popula-
tion and productivity trends over time on the primary 
study area. To examine trends in brood/pair ratios rel-
ative to wetland water levels, total annual counted 
broods was modelled using a Poisson distribution in 

Table 1. Assigned score and scoring parameters describing spring wetland condition, and water-level change during the 
Lesser Scaup (Aythya affinis) pre-nesting and nesting season, 2009–2018, Erickson, Manitoba.

Score Spring wetland condition Pre-nesting and nesting period water-level change (cm)
5 Flooded beyond basin  > +10
4 Wet grass zone flooded +5 to +10
3 Sedge* zone flooded > 0 to + 4.9
2 Sedge zone dry < 0 to −4.9
1 Bulrush/cattail† zone dry −5 to −10
0 Mudflats showing > −10

*Sedge = Carex spp.
†Bulrush/cattail = Scirpus spp./ Typha spp.
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a regression with natural log-transformed total annual 
counted pairs treated as an offset variable. Analy-
ses were conducted using SAS software, version 9.4 
(SAS Institute Inc., Cary, North Carolina, USA). We 
fit a total of five candidate model forms including (i) 
the effect of species (Ring-necked Duck and Lesser 
Scaup), (ii) the effect of year-specific mean wetland 
score from the current year, (iii) an additive model 
containing both effects, (iv) a multiplicative model 
including an interaction between species and wetland 
score, and (v) an intercept-only baseline model. An 
alternate model set was fit substituting wetland score 
from the previous year or two years prior because 
nest success of some Anas spp. in the prairie pothole 
region was negatively related to pond density and pri-
mary productivity during previous years (Walker et 
al. 2013). Also, in boreal habitat, a strong negative 
two-year lag correlation was found between rodent 
abundance (alternative prey) and Lesser Scaup pro-
ductivity (Brook et al. 2005). In parkland habitat, 
such as our study area, similar time-lagged varia-
tion in productivity might occur with Lesser Scaup 
and Ring-necked Duck. For models including lagged 
effects of wetland score, we created a consistent data 
subset excluding the years 2009 and 2010. We used 
AIC (Burnham and Anderson 2002) to rank the five 
candidate models using all years and then a separate 
ranking of 11 models (using the three alternatives 
for wetland score) fit to the reduced dataset. We con-
sidered models within 4 AIC units of the top-rank-
ing models as competing and well supported, except 
when the competing models had similar fit as quan-
tified by maximized log-likelihood and little penalty 
for adding additional uninformative parameters to the 
model (Arnold 2010).

As we were interested in reproductive parame-
ter differences between species over the entire study 
period rather than individual years, we pooled brood 
size (Ia: Lesser Scaup 1–6 day old, Ring-necked Duck 
1–5; IIa: Lesser Scaup 21–28 day old, Ring-necked 
Duck 17–24) and hatching date data across years. We 
recorded class Ia and IIa brood size to look for dif-
ferences between species in duckling survival and 
juvenile production. We estimated time of first brood 
hatch, length of hatch period, mean hatch date, and 
chronology from brood age because time of hatch is 
related to productivity (Guyn and Clark 1999; Daw-
son and Clark 2000; Esler et al. 2001; Blums et al. 
2002). Estimated measures of productivity, day of 
first brood hatch, and length of hatching period were 
tested for species’ differences using Wilcoxon signed-
rank test for paired data (McDonald 2014). Mean 
hatching dates and brood size were tested with Wil-
coxon rank-sum test (Excel Data Analysis Add-in 
module [Microsoft]). We assigned hatching dates to 

weekly hatching periods and compared results using 
a Kolmogorov-Smirnov test (Holliday 2012) because 
each species has a unique annual hatching distribu-
tion, the shape of which might provide insight into 
breeding propensity and frequency of re-nesting (e.g., 
a severely truncated unimodal distribution might sug-
gest little re-nesting effort while an extended uni-
modal or bimodal one might suggest significant re-
nesting effort or age specific distribution). We tested 
data with non-parametric Wilcoxon tests because the 
distribution of variables was unknown, sample sizes 
were small, or both. Because unpublished analysis of 
data distributions (hatch date, brood size) indicated 
that they were similarly shaped and reasonably sym-
metric, we interpreted results as being tests of differ-
ences in mean values.

Mean estimates and CI for duckling DSR for the 
exposure period between first sighting and age class 
IIa (and >IIa) were calculated using procedures out-
lined by Mayfield (1975) and Johnson (1979), and 
95% CI for DSRs were examined for overlap to 
test for significant differences. Amalgamated Lesser 
Scaup broods (zero or more females with >12 duck-
lings) were seen most years and were not excluded 
from the data set, as these broods and single broods 
have similar duckling survival (Afton 1993). Amal-
gamated Ring-necked Duck broods were uncommon 
but were similarly included. However, we removed 
data for some or all of these broods on multi-brood 
ponds if we were unable to accurately determine 
brood identity, age, and duckling number because of 
brood mixing and duckling exchange.

We determined the proportion of females that 
attempted to hide their brood upon disturbance because 
such behaviour might have survival advantages, espe-
cially when evading avian predators (Mendall 1958). 
We determined the proportion of broods that disap-
peared (moved or suffered total loss) after having been 
first observed. We pooled all years by species because 
of small sample sizes and tested these metrics for dif-
ferences with a Fisher’s exact test (McDonald 2014). 
When a brood female or duckling disappeared, we 
assumed this occurred at the mid-point of the obser-
vation interval (Mayfield 1975) because Mayfield’s 
method yields results that are very close to the maxi-
mum likelihood estimators under the more appropriate 
model with an unknown date of loss (Johnson 1979). 
All statistical tests unless otherwise stated were con-
sidered significant at the P ≤ 0.05 level.

Results
Productivity

Total counts of pairs and IIa broods for Lesser 
Scaup and Ring-necked Duck for all years on the 
22.6 km² primary study area were variable. For both 
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species, estimated annual breeding pair numbers (Les
ser Scaup: 29–47; Ring-necked Duck: 34–71) and pro-
ductivity (broods/pair) 2009–2018 showed no trends 
(P > 0.05; Table 2, Figure 2a,b). Mean productivity 
estimates for Ring-necked Duck were larger than for 
Lesser Scaup (Wilcoxon signed-rank test: W = 2, P < 
0.01) and Ring-necked Duck annual productivity was 
greater than Lesser Scaup in eight of 10 years (Table 
2). For the models fit to data from all years (Table 3), 
the best approximations included additive effects of 
wetland score and species. A model with an interac-
tion between species and wetland score was not com-
petitive because it included one additional, uninfor-
mative parameter (β(species×wetland score) = −0.05, SE 0.05). 
Ring-necked Duck had a higher brood/pair ratio than 
did Lesser Scaup (Ring-necked Duck, β(species) = 0.41, 
SE 0.12) and brood/pair ratios were positively corre-
lated with wetland score (β(wetland score) = 0.11, SE 0.03; 
Figure 3). For models fit to the reduced dataset (Table 
4), there was no support for an association between 
brood/pair indices and one- or two-year lagged wet-
land scores (minimum ΔAIC > 10).
Mean hatch date and hatching chronology

Mean hatch date in 2008–2018 for Lesser Scaup 
was 27 July (SE 0.61 day, n = 285) and was signifi-
cantly later than for Ring-necked Duck, 19 July (SE 
0.64 day, n = 461; Wilcoxon rank-sum test: t744 = −8.37, 
P < 0.001). Lesser Scaup mean date of first recorded 
brood, 9 July (SE 1.9 day, n = 11 years), was 11 days 
later than for Ring-necked Duck, 28 June (SE 1.8 day, 
n = 11 years; Wilcoxon signed-rank test: W = 0, P < 
0.001). The distribution of broods hatching at weekly 
intervals for both species were unimodal and did not 
differ significantly (Kolmogorov-Smirnov test statis-
tic: 0.2727, P = 0.81; Figure 4). Ring-necked Duck 

hatching period of 73 days (17 June to 29 August, n = 
11 years) was 20 days longer than for Lesser Scaup (28 
June to 20 August, n = 11 years). Mean annual length 
of hatching period for Ring-necked Duck (47.7 days, 
range 36–61, n = 11 years) was greater than for Lesser 
Scaup (35.5 days, range 21–44, n = 11 years; Wilcoxon 
signed-rank test: W = 0, P = < 0.001).
Brood size, brood loss, duckling survival, propensity 
to hide brood

Mean size of Lesser Scaup Ia broods (6.8, SE 0.2, 
n = 148, range 1–12) was greater than that of Ring-
necked Duck (6.1, SE 0.2, n = 187, range 1–10; Wil-
coxon rank-sum test: t333 = −2.35, P = 0.02). Mean 
size of Lesser Scaup IIa broods (6.2, SE 0.2, n = 176, 
range 1–11) was greater than that for Ring-necked 
Duck (5.6, SE 0.2, n = 267, range 1–11; Wilcoxon 
rank-sum test: t441 = 2.34, P = 0.02). There were small 
differences in age-specific duckling DSR estimates 
for Lesser Scaup and Ring-necked Duck but, rela-
tive to the SEs (Table 5), there were no differences 
between the two species. The proportion of Ringed-
neck Duck females that attempted to hide their brood 
at least once on disturbance (0.16, SE 0.02, n = 348) 
was significantly higher than for Lesser Scaup (0.03, 
SE 0.01, n = 247; Fisher’s exact test: P < 0.001). The 
proportion of Ring-necked Duck broods (0.20, SE 
0.02, n = 310), that disappeared (moved or suffered 
total loss) after having been first observed was not sig-
nificantly different from Lesser Scaup (0.17, SE 0.03, 
n = 220; Fisher’s exact test: P = 0.43).

Discussion
Productivity

Comparative studies of sympatric Lesser Scaup 
and Ring-necked Duck reproductive success are few 

Table 2. Lesser Scaup (Aythya affinis) and Ring-necked Duck (Aythya collaris) productivity (IIa broods/pair) 2009–2018, on 
the 22.6 km² primary study area near Erickson, Manitoba.

Year
Lesser Scaup Ring-necked Duck

Broods Pairs Broods/pair Broods Pairs Broods/pair
2009 9 46 0.20 15 43 0.35
2010 14 38 0.37 18 34 0.53
2011 17 44 0.39 26 51 0.51
2012 2 34 0.06 10 36 0.28
2013 14 44 0.32 23 42 0.55
2014 19 40 0.48 33 69 0.48
2015 9 29 0.31 35 71 0.49
2016 13 43 0.30 19 64 0.30
2017 12 49 0.24 16 58 0.28
2018 5 42 0.12 16 41 0.39
Total or mean* 114 409 0.28 211 509 0.42

*Weighted means, adjusted for annual variation in numbers.
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Figure 2. Lesser Scaup (Aythya affinis, circles, dash line) and Ring-necked Duck (Aythya collaris, squares, solid line) a. observed 
breeding population (pairs) and b. productivity (broods/pair) on the primary study area, 2009–2018, Erickson, Manitoba.

Table 3. Model form and model selection results for the full dataset ranked by decreasing ΔAIC of productivity (broods/pair) 
and wetland score for Lesser Scaup (Aythya affinis) and Ring-necked Duck (Aythya collaris) on a 22.6 km² primary study 
area near Erickson, Manitoba, 2009–2018. All models include an intercept term. Wetland score describes relative pond water 
level breeding  conditions (see text for description of scoring system).

Model form k −2 × log likelihood ΔAIC
Species + Wetland Score* 3 107.74 0.00
Species × Wetland Score 4 108.68 2.93
Wetland Score 2 121.34  11.60
Species 2 125.53 15.78
Intercept Only 1 137.59  25.84

*AIC = 113.74.

but all report Ring-necked Duck reproductive perfor-
mance greater than that for Lesser Scaup. Townsend 
(1966) at the Saskatchewan River Delta, Canada, re-
ported percent nest success for Lesser Scaup and Ring-
necked Duck to be 62% and 83% (1963) and 47% and 
60% (1964), respectively. At parkland Erickson, dur-
ing 1999–2000, Koons and Rotella (2003a) found that 
Ring-necked Duck nest success (equivalent to broods/

pair at hatching) was three times that of Lesser Scaup. 
Results from a long-term study (1985–2018) of water-
fowl production on a Yellowknife, Northwest Territo-
ries, study area (a boreal site) show mean Ring-necked 
Duck productivity, ~0.26 broods/pair, greater than that 
of Lesser Scaup, ~0.17 (ECCC 2018). Similarly, our 
overall estimate of Ring-necked Duck productivity is 
greater than that of Lesser Scaup (0.42 versus 0.28 
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broods/pair, respectively). We are unaware of any stud-
ies suggesting equivocal or Lesser Scaup greater pro-
ductivity, and Ring-necked Duck superior reproductive 
performance may hold across a continental scale.

In southern Manitoba parklands, several factors 
may be responsible for greater Ring-necked Duck 
nest (and IIa broods/pair) success. At Erickson, all 
Ring-necked Duck nest overwater whereas only about 
60% of Lesser Scaup do (Hammell 1973; Koons and 
Rotella 2003b) and overwater nests of Lesser Scaup 
and Mallard (Anas platyrhynchos) here are more suc-
cessful than dryland nests (Hammell 1973; Arnold 
et al. 1993). Also, Koons and Rotella (2003a) found 

that Ring-necked Duck overwater nests were twice 
as successful as those of Lesser Scaup and Ring-
necked Duck nests were located farther from the 
pond edge than Lesser Scaup overwater nests (Koons 
2001; Koons and Rotella 2003a). Hammell (1973) for 
Lesser Scaup and Ferguson (1977) for Horned Grebe 
(Podiceps auritus), found mean distance of success-
ful overwater nests to pond edge was greater than that 
of unsuccessful nests. Townsend (1966) showed that 
overwater nests situated closest to open water (i.e., 
the wettest sites: floating sedge mats [Carex spp.]) 
were more successful than nests situated closer to 
drier sedge or sedge willow (Salix spp.) zones (but see 

Figure 3. Relationship between observed (symbols) and predicted values (lines) from the best approximating models for 
productivity (IIa broods/pair) versus wetland score for Lesser Scaup (Aythya affinis, closed circles, solid and dotted lines) and 
Ring-necked Ducks (Aythya collaris, open circles, solid and dashed lines) on a 22.6 km² study area near Erickson, Manitoba, 
2009–2018. Wetland score describes relative pond water level breeding conditions. Increasing score denotes improving pond 
condition (see text for description of scoring system).

Table 4. Model form and model selection results for the reduced data set including wetland score lag years ranked by 
decreasing ΔAIC of productivity (IIa broods/pair) and wetland score for Lesser Scaup (Aythya affinis) and Ring-necked Duck 
(Aythya collaris) on a 22.6 km² study area near Erickson, Manitoba, 2009–2018. Wetland score describes relative pond water 
level breeding conditions (see text for description of scoring system). Lag1 and Lag2 refer to one and two years previous to 
current year. All models include an intercept term.

Model Form k −2 × log Likelihood ΔAIC
Species + Wetland Score* 3 88.27 0.00
Species × Wetland Score 4 86.49 0.22
Wetland Score 2 97.47 7.20
Species + Lag2 (Wetland Score) 3 98.58 10.32
Species × Lag2 (Wetland Score) 4 97.04 10.77
Species + Lag1 (Wetland Score) 3 100.89 12.62
Species 2 103.95 13.68
Species × Lag1 (Wetland Score) 4 100.79 14.52
Lag2 (Wetland Score) 2 107.79 17.52
Lag1 (Wetland Score) 2 109.54 19.27
Intercept Only 1 113.26 20.99

*AIC = 94.27.
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Maxson and Riggs 1996). For shorebirds, Frederick 
and Collopy (1989) found that as little as 5–10 cm of 
water can greatly deter mammalian predators. Nuech-
terlein et al. (2003), working with Red-necked Grebe 
(Podiceps grisegena), found that experimental artifi-
cial nests located farther from shore were more suc-
cessful than those located directly adjacent to shore, 
concluding that nests that were located farther from 
the mainland or over deeper water presumably were 
safer from terrestrial predators such as Raccoon (Pro-
cyon lotor). All of the above suggest that overwater 
nest placement and greater distance from shore are 
important positive factors for nest success. Overwa-
ter nests located near the pond edge may experience 
high predation rates because Raccoon, Striped Skunk 

(Mephitis mephitis), and American Mink (Vison vison) 
often travel and forage along wetland shores (Mendall 
1958; Urban 1970; Fritzell 1978; Lariviere and Messier 
2000; Phillips et al. 2003; Barding and Nelson 2008). 
Therefore, additional nest protection afforded Ring-
necked Duck by nest placement farther from pond 
edges may partly explain productivity differences.

Lesser Scaup and Ring-necked Duck suffer severe 
productivity loss when water levels recede due to 
multi-year drought (Rogers 1964) or anthropomor-
phic causes (e.g., marsh drawdown; Mendall 1958: 
109) but productivity declines were large even during 
2009–2018, a non-drought period in parkland habi-
tat. Mean total yearly precipitation 1981–2010 for 
Wasagaming, Manitoba ~21 km north of the Erickson 

Figure 4. Histograms of the hatching distribution for Lesser Scaup (Aythya affinis, n = 284, open bars) and Ring-Necked 
Duck (Aythya collaris, n = 461, black bars) broods near Erickson, Manitoba, 2008–2018. Days are counted from 1 January.

Table 5. Number of broods, exposure, losses, and daily survival rate for Lesser Scaup (Aythya affinis) and Ring-necked Duck 
(Aythya collaris) from first sighting to age class IIa (<IIb), following age class IIa (>IIa), and the total period from first sight-
ing to age class IIb–III, 2008–2018, near Erickson, Manitoba.

Species No. 
broods*

No. 
intervals

Mean interval 
length (days)

Total exposure 
(duckling days)

Total 
duckling 

losses

Daily 
survival  

rate
SE

Lesser Scaup <IIb 198 518 6.8 (0.5–24) 21242 142 0.99332 0.000559
Ring-necked Duck <IIb 239 454 7.2 (1–31) 18812 124 0.99341 0.000590

Lesser Scaup >IIa 98 155 5.9 (1–15) 4842 13 0.99732 0.000743
Ring-necked Duck >IIa 117 173 7.0 (1–24) 6835 13 0.99810 0.000527

Lesser Scaup total 296 673 6.4 (0.5–24) 26084 155 0.99406 0.000476
Ring-necked Duck total 356 627 7.1 (1–31) 25647 137 0.99466 0.000455

*Includes broods on and off the 22.6 km² primary study area.
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site, was 488 mm, compared to 555 mm recorded 
2009–2018 (ECCC 2021). For both species, produc-
tivity was positively related to pond water level and 
both species demonstrated similar rate of response to 
change, suggesting that dry years affected both spe-
cies to an equal degree and that resiliency to drought 
may not be a significant explanatory factor for produc-
tivity differences. Afton (1984) at Erickson also found 
Lesser Scaup productivity generally increased with 
improving water conditions but that some non-breed-
ing occurred among first- and second-year females, 
and that the rate increased during dry years (low pond 
levels). Warren et al. (2014), at Red Rock Lakes in 
Montana, USA, found that Lesser Scaup breeding 
propensity was positively influenced by body and 
habitat (water level) conditions but not by age. Thus, 
failure by Lesser Scaup individuals and/or popula-
tion cohorts to breed during our study might be an 
additional explanatory factor for lower productivity. 
Whether age-related and/or individual heterogeneity-
related non-breeding applies to parkland Ring-necked 
Duck is unknown but first-year Ring-necked Duck 
females failed to breed in northern Minnesota, USA, 
in 1980, a dry year (Hohman 1984). Further investi-
gation of parkland Ring-necked Duck demographics 
would be helpful. Interestingly, climate change pre-
dictions for the prairie-parkland region suggest hot-
ter and drier summers (Sorenson et al. 1998; Sauchyn 
and Kulshreshtha 2008), conditions that, according 
to our results, would negatively affect Lesser Scaup 
and Ring-necked Duck productivity more frequently 
in future.

Walker et al. (2013) suggested that the negative 
relationship between nest success and pond density 
(“wetness”) in the previous one to two years results 
from change in predator abundance during wet-dry 
cycles. Wet, productive years may result in posi-
tive numeric reproductive response of waterfowl and 
alternative prey and increased predator abundance 
and higher rates of nest depredation in subsequent 
years. Conversely, dry years might result in decreased 
prey and predator abundance and lower rates of duck 
nest depredation. Our results did not support a time-
lagged association of wetland score with productivity 
of Lesser Scaup and Ring-necked Duck. One plausi-
ble explanation is that in parkland habitat, nest suc-
cess in both species is very sensitive to pond water 
level and local habitat conditions (i.e., wet versus 
dry) may be the proximate determinant of success, 
despite the abundance of predators. Time-lagged 
effects might be difficult to detect given the impor-
tance of wetland condition for these species. How-
ever, our data set may be of insufficient duration and/
or sophistication (e.g., number of covariates consid-
ered) to detect differences.

Mean hatch date and hatching chronology
Earlier mean hatch date and mean date of first 

recorded brood for Ring-necked Duck is not surpris-
ing as research at Erickson reported their mean nest 
initiation date about 15 days earlier than for Lesser 
Scaup (Koons and Rotella 2003a). Nest initiation 
date is often negatively associated with recruitment 
for breeding waterfowl (Dawson and Clark 2000; 
Anderson et al. 2001; Esler et al. 2001; Blums et al. 
2002; Brook 2002) so earlier hatching dates for Ring-
necked Duck might give an advantage in recruit-
ment probabilities. Ring-necked ducklings and their 
brood females would have more time than later hatch-
ing Lesser Scaup ducklings and their brood females 
to build nutrient reserves in preparation for migra-
tion and wintering. Also, overwater nest locations 
of earlier initiating Ring-necked Duck may be more 
secure from mammalian predators because water lev-
els in wetland basins generally are highest in spring 
and decrease over time (Table S1). Whether such 
advantages are available to boreal Ring-necked Duck 
breeders is unclear because mean hatch dates for 
Ring-necked Duck were similar or later than Lesser 
Scaup in the past (Toft et al. 1984) but earlier more 
recently (DeVink et al. 2008).

Hatching distributions at Erickson were unimodal 
and similar but hatching period was much longer for 
Ring-necked Duck. They start hatching earlier, due to 
earlier nest initiations (Koons and Rotella 2003a) but 
the two species end nesting on about the same dates. At 
Yellowknife, Toft et al. (1984) found a unimodal dis-
tribution for Lesser Scaup but a pronounced bimodal 
one for Ring-necked Duck; hatching periods were of 
similar length. Presumably, a shorter open water sea-
son at higher latitudes necessitates both species initi-
ating egg laying soon after arrival. Ring-necked Duck 
are strong re-nesters: 50–80% of females re-nest after 
loss of a first nest (Mendall 1958; Hunt and Ander-
son 1966 as cited in Roy et al. 2020), whereas Lesser 
Scaup are much less so: 16.4–39% (Keith 1961; Afton 
1984). The length of the breeding season influences 
the ability to re-nest (Baldassarre and Bolen 2006) 
and the relatively lengthy open-water season in south-
ern Manitoba (April–October) would provide oppor-
tunity if wetland conditions were favourable. We sus-
pect that both Lesser Scaup and Ring-necked Duck 
were re-nesting most years, and perhaps Ring-necked 
Duck more so than Lesser Scaup, given their com-
paratively high propensity to re-nest in other areas, 
because wetland basins were full in spring for most 
years during this study and the right-skewed hatch-
ing distribution for both species (Figure 4) is consis-
tent with expectations of re-nesting. However, only 
an age-related reproductive study for Ring-necked 
Duck, similar to Afton’s (1984) for Lesser Scaup at 
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Erickson, would determine the importance of re-nest-
ing effort to the observed higher Ring-necked Duck 
productivity in southwestern Manitoba.
Brood size and duckling survival

Class Ia and IIa mean brood sizes for Lesser 
Scaup were greater than those for Ring-necked Duck 
by 0.7 and 0.6 ducklings, respectively. A larger class 
Ia mean brood size (and IIa size, assuming similar 
duckling DSR) for Lesser Scaup might be expected 
as mean clutch size for this species is greater than 
that for Ring-necked Duck: ~10 and ~9 eggs, respec-
tively (Anteau et al. 2014; Roy et al. 2020). However, 
this Lesser Scaup IIa brood size productivity advan-
tage does not appear to be sufficient to counter losses 
through lower nest success and other factors that are 
contributing to the contrasting population trajectories. 
Interestingly, in forested habitat in north-central Min-
nesota, ~500 km southeast of Erickson, where mod-
elling of vital rates in Ring-necked Duck suggests a 
negative population growth (Roy et al. 2019), both 
Ring-necked Duck IIa brood size (4.3, SE 0.6) and 
brood survival (cumulative 30 day survival = 0.263, 
SE 0.035) appeared lower than equivalent metrics for 
Erickson parkland (Roy 2018).

Greater willingness by the female to hide her 
brood on perceiving a threat might express itself in 
increased duckling DSR and we observed a greater 
proportion of Ring-necked Duck than Lesser Scaup 
females attempting to hide their broods but there 
was no evidence of any difference in duckling DSR 
between species. The proportion of broods suffer-
ing total brood loss could be different for these spe-
cies, especially during the first week post hatch when 
females brood the ducklings near shore or on float-
ing vegetative mats and when greatest duckling 
loss occurs (Mendall 1958; Sarvis 1972 as cited in 
Roy et al. 2020; Afton 1983; McAuley and Long-
core 1988; Koons 2001; Corcoran et al. 2007). Such 
total loss would not change our duckling DSR esti-
mates from first sighting to age class IIa but would 
affect estimates for the entire hatch to age class IIa 
period. However, broods of both species presumably 
would be exposed to a similar suite of predators, espe-
cially during the first 10 days when losses are higher, 
because both females move their broods early in the 
brood period to large lakes, brood them in similar 
fashion generally away from dry shorelines on float-
ing mats of vegetation or logs, and spend the major-
ity of time in open water (Hammell 1973; Afton 1993; 
Maxson and Pace 1992; G.S.H. pers. obs.). Also, we 
observed no significant difference between species in 
the proportion of broods that disappeared (moved or 
suffered total loss) after having been first observed. 
Accordingly, we have assumed no difference in total 
brood loss and concluded both species have similar 

duckling survival at Erickson. If differences exist, our 
methods and/or data set may not be sufficient to detect 
them. Marked bird studies would provide more clarity.
Conclusion

Previous research on contrasting population 
growth trajectories for sympatric Lesser Scaup and 
Ring-necked Duck at Erickson, Manitoba had found 
that Ring-necked Duck nest success was greater than 
that of Lesser Scaup (Koons and Rotella 2003a). While 
no differences in nest habitat characteristics studied 
would explain this difference, nest success difference 
might be a reason for different population trends. Our 
long-term productivity and hatching results agree 
with the findings of Koons and Rotella (2003a). 
Greater Ring-necked Duck productivity, likely due in 
part to a combination of better nest placement (result-
ing in higher nesting success) and a probable greater 
re-nesting effort, is a potential proximate cause for 
contrasting population trends for these two species at 
Erickson. However, earlier Ring-necked Duck hatch-
ing dates may provide an additional reason for pos-
itive Ring-necked Duck population growth, giving 
survivorship and recruitment advantage to juveniles 
and brood females over those of Lesser Scaup by 
allowing Ring-necked Duck more time to add nutrient 
reserves in preparing for the rigours of fall migration. 
Consequently, indices of survivorship and recruitment 
and the relationship between hatch date and recruit-
ment for parkland (or boreal) Ring-necked Duck are 
needed (but see Roy et al. 2019).

Our results highlight an important driver of the 
disparate population trends of these two species at 
Erickson, notably, the reproductive success advan-
tage of Ring-necked Duck over Lesser Scaup. How-
ever, other factors associated with reproductive suc-
cess may be involved. Some include population age 
structure (Trauger 1971; Afton 1984), experience 
and individual quality (Warren et al. 2014), and non-
breeding season effects such as juvenile and adult 
survival and carry-over effects from wintering areas 
(Sedinger and Alisauskas 2014; Arnold et al. 2016; 
Warren 2018; Roy et al. 2019), but analysis of these 
factors is beyond the scope of our study. Develop-
ment of region-specific integrated or other population 
models for these sympatric Lesser Scaup and Ring-
necked Duck parkland populations might further 
identify drivers of population growth rate and help 
draft appropriate conservation strategies (Navarre 
2020; Zhao et al. 2020).
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Abstract
In Canada, the globally rare lycophyte, Columbia Quillwort (Isoetes minima), is currently known from four subpopulations, 
all within a 25-km radius of Castlegar in the Selkirk and Monashee Mountain ranges of southern British Columbia. These 
constitute just over a quarter of all known subpopulations in Canada and the United States. The species is found in Canada 
in sloping pocket meadows that are naturally fragmented within a larger forested matrix. The plants grow in spring seep-
age areas in thin soils that discourage the establishment of larger, more vigorous vascular plant competitors. Long combined 
within Isoetes howellii (sensu lato), I. minima has only recently been confirmed to be a distinct species, and, in 2019, it was 
assessed as Endangered by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC). We build on infor-
mation in the COSEWIC status report by describing the species’ morphology and ecology in greater detail and provide a 
comparison of critical identification features of closely related species as well as a dichotomous key for Isoetes species in 
British Columbia.
Key words: Isoetes minima; British Columbia; Endangered; Species at Risk; Canada

Introduction
Quillworts (Isoetes, Isoetaceae, Isoetales) are an 

ancient and widespread lineage of perennial lyco-
phytes with a fossil record that dates from the Late 
Devonian era (375 million years ago [mya]; Pigg 
2001; Larsén and Rydin 2016). Contemporary lin-
eages arose during the Jurassic Period (200–145 mya) 
and diversified in the mid-Paleogene (Tertiary Period; 
45–60 mya; Pigg 2001; Wood et al. 2020).

Currently, there are ~200 named taxa (species, 
subspecies, hybrids) of Isoetes worldwide (Troia et al. 
2016), with perhaps 100 more expected to be recogniz-
able based on morphology (Brunton and Troia 2018). 
Molecular studies suggest that, in addition, there may 
be 50 or more morphologically cryptic taxa in North 
America alone (Schafran 2019). In the last 30 years, 
two species have been described in Canada (Britton 
and Goltz 1991; Brunton et al. 2019), and an unde-
scribed taxon is suspected to exist along the Pacific 
coast of British Columbia (BC; D.F.B. unpubl. data).

In Canada, there are 13 described Isoetes species, 
six of which are found in BC (Cody and Britton 1989; 
Taylor et al. 1993, 2003; Brunton et al. 2019, 2020). 

Half of the BC species are aquatic or grow on emer-
gent shores of rivers and ponds, while the other half 
are terrestrial species found in ephemeral pools and 
seeps (Klinkenberg 2020).

Isoetes minima A.A. Eaton (I. howellii var. min-
ima (A.A. Eaton) N. Pfeiffer) is a sexual diploid 
(2n = 2x = 22; Taylor et al. 2003) within a complex 
group of western North American quillworts (Figure 
1). In Canada, this group includes Bolander’s Quill-
wort (Isoetes bolanderi G. Engelmann), Howell’s 
Quillwort (Isoetes howellii G. Engelmann, includ-
ing Isoetes melanopoda var. californica A.A. Eaton 
and Isoetes underwoodii L. Henderson), and Nuttall’s 
Quillwort (Isoetes nuttallii A. Braun).

Isoetes minima was first collected on 16 May 1889 
by W.N. Suksdorf near Waverly, north of Spokane in 
eastern Washington, United States (W.N. Suksdorf 
2365, 16 May 1889, WS 119319). It was described 
by Eaton (1898) on the basis of being the only tri-
lobed species with a partial (up to 75%) velum cov-
erage of the sporangium. Eaton (1898: 30) used these 
features along with spore ornamentation character-
istics, the most distinctive of which he described as 
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“by the equator [equatorial ridge], which resembles 
a ship’s wheel with the spinules for handspikes”, to 
distinguish I. minima from the morphologically sim-
ilar Pacific coastal species, I. nuttallii and Orcutt’s 
Quillwort (Isoetes orcuttii A.A. Eaton), which grow 
in similar spring ephemeral situations.

Subsequently, however, these distinctions have 
been misinterpreted (Pfeiffer 1922) or not consid-
ered significant by Isoetes researchers, and I. minima 
has been synonymized within I. howellii (sensu lato) 
(Taylor 1970; Cody and Britton 1989; Taylor et al. 
1993). On his 1889 collecting trip, Suksdorf collected 
a number of I. howellii plants that looked superficially 
similar to I. minima. Based on the study of this lim-
ited material, Pfeiffer (1922) reduced I. minima to a 
variety of I. howellii. This treatment was followed by 
Taylor et al. (1993) in the Flora of North America 
North of Mexico. Only recently did DNA analysis of a 
Canadian subpopulation provide support for the origi-
nal morphological evidence of the distinct species sta-
tus of I. minima (Taylor et al. 2003).

The confined geographic distribution of I. minima 
and its limited dispersal ability combine to make it one 
of the rarest Isoetes species in Canada (COSEWIC 
2019a) and North America. This Columbia Region 
endemic species is restricted in distribution to the 
Columbia River catchment and has been designated, 
globally, as Critically Imperilled (G1), with fewer than 
15 known subpopulations (Natureserve 2020). It is at 

the northern limit of its range in Canada; in the United 
States, it is known from at least three sites in Wash-
ington, two in Idaho, and six in Oregon (W. Fertig 
pers. comm. 10 August 2020; L. Kinter pers. comm. 
6 August 2020; S. Vrilakas pers. comm. 12 August 
2020; Figure 2). It is assessed as Endangered in Can-
ada (COSEWIC 2019a) and is provincially red-listed 
and ranked S1S2 (Critically Imperilled–Imperilled; BC 
Conservation Data Centre 2020).

In light of the limited number of publications 
detailing its natural history, status, habitat prefer-
ences, and distribution in Canada, our study builds on 
information provided in the Committee on the Status 
of Endangered Wildlife in Canada (COSEWIC) sta-
tus report (COSEWIC 2019a) and is the most com-
prehensive documentation of the morphology, ecol-
ogy, and key identification characters of this globally 
rare species. The species’ morphology is described 
in detail with precise spore size measurements and 
diagnostic scanning electron microscope (SEM) 
images that show critically important spore morphol-
ogy. The site ecology is described in detail including 
the identification of key associates. Critical features 
for the identification of this challenging species are 
presented in comparison with previously unreported 
diagnostic distinguishing features between I. minima 
and its closest generic allies. A dichotomous key for 
Isoetes species in BC is included.

Figure 1. Mature Columbia Quillwort (Isoetes minima) plant; coin (Canadian dime) is 18 mm wide (14 May 2017, Fairview 
Meadows, British Columbia). Photo: R. Batten.
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Methods
These investigations are based on field and herbar-

ium studies of I. minima populations in Canada and 
the United States undertaken by us and others since 
2008. In 2017, all three known sites within the Ca-
nadian range were surveyed by C.Y.M. and R.B. in 
the course of preparing the COSEWIC status report 
(COSEWIC 2019a). Herbarium records in the Cana-
dian Museum of Nature (CAN), Agriculture and Agri-
Food Canada (DAO), Daniel Brunton Private Herbar-
ium (DFB), University of Guelph (OAC), University 
of British Columbia (UBC), Royal British Columbia 
Museum (V; acronyms of Thiers 2020), and the Con-
sortium of Pacific Northwest Herbaria (https://www.
pnwherbaria.org/data.php) were examined to identify 
known locations. The BC Conservation Data Centre  
database, the Canadian Wildlife Service (Pacific Re
gion), Parks Canada (Conservation Programs Branch), 
the Ministry of Environment and Climate Change 
Strategy (Species Conservation Unit), and local stew-
ardship officers (Research Ecologist, Ministry of For-
ests, Lands and Natural Resources) were canvassed 
for their knowledge of additional sites.

The three subpopulations known before 2017 
were resurveyed by C.Y.M. and R.B. from 10 to 15 
May 2017. Isoetes minima is easy to see early in the 
spring when surrounding vegetation is low in stature. 

Site details from previous records were consulted in 
advance to determine coordinates and site descrip-
tors that guided plant searches. Spatial data were col-
lected to help guide the definition of “subpopulation” 
for each site described in the status report. Nature-
Serve (2004) defines subpopulation for all taxa as a 
group of occurrences that are separated by <1 km; or, 
if separated by 1–3 km, with no break in suitable hab-
itat between them exceeding 1 km; or, if separated by 
3–10 km, connected by linear water flow and hav-
ing no break in suitable habitat between them >3 km. 
Universal transverse mercator (UTM) coordinates 
were recorded using a hand-held global positioning 
system unit (GPSMAP 62sc; Garmin Ltd., Olathe, 
Kansas, USA) at the centre of each cluster. (A “clus-
ter” is a group of plants within a given subpopula-
tion.) Other data collected included a count of the total 
number of plants by temporarily marking each plant 
with a wooden skewer (Figure 3). Habitat descriptions 
included associated species and repeat visits were 
made to each site later in the season to provide a more 
comprehensive associated species list as later spe-
cies developed. Details of the condition of the popula-
tion including threats and management concerns were 
described as well as the overall landscape context of 
the site. BC Conservation Data Centre element occur-
rence forms were completed for each location.

Figure 2. Global distribution of Columbia Quillwort (Isoetes minima). Basemap from SimpleMappr (Shorthouse 2010).
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In 2017, new subpopulations were searched for 
(C.Y.M., R.B., and D.F.B.) in areas beyond the known 
sites thought to have suitable habitat. Surveys under-
taken in other suitable habitat in BC southwest of 
Rossland, west of Castlegar, east of Christina Lake, 
west of Creston (R.B. and C.Y.M.), and southeast of 
Montrose (D.F.B.) did not reveal additional subpopu-
lations. All known suitable habitat in the area between 
patches of plants within confirmed sites were sur-
veyed, with no new subpopulations found.

Megaspore and microspores of BC I. minima 
plants were examined through dissecting light micro-
scopes and with SEM imagery. The extensive library 
of SEM spore images of I. howellii and related taxa 
prepared by D.M. Britton before 2007 (using methods 
described in Brunton and Britton 2006) was reviewed. 
Additional SEM images were generated by P.C.S. and 
D.F.B. For these new images, air-dried spores were 
attached to SEM stubs by means of adhesive carbon 
discs. These were sputter coated with a gold/palla-
dium alloy and examined with a 2017 model SEM 
(FEI Apreo ThermoFisher Scientific, Hillsboro, Ore-
gon, USA) at 15 kV and 25 pA, with a working dis-
tance of 10 mm and a spot size of 6.

Megaspore sizes reported for individual spec-
imens represent the average width (across the 

equatorial region) of at least 20 (often 40) spores, as 
measured (D.F.B.) through a light dissecting micro-
scope (Wild M3B, Leica, Heerbrugg, St-Gallen, 
Switzerland) at 40× magnification, with the aid of an 
in-mount graticule (ocular micrometer) for measure-
ments. Comparable microspore measurements are 
based on the average of 20 (frequently 40) longitu-
dinal measurements taken from SEM images of clus-
ters of spores.

Results
History, distribution, and status in Canada

Isoetes minima is a relatively recent addition to the 
Canadian flora. The first record is from Beavervale 
Meadow, discovered by Oldriska and Adolf Ceska 
(A. & O. Ceska #30,000, 5 July 1996, V), and a sec-
ond site (Lloyd’s Meadow) was discovered later that 
month by Hans Roemer (H. Roemer 96-164, 12 July 
1996, V). In 2002, a third site (Fairview Meadow) 
was found during a Botany BC field trip; data for 
that locality were submitted to the BC Conserva-
tion Data Centre by Sharon Hartwell (BC Conserva-
tion Data Centre 2017). The fourth subpopulation was 
found during the 2017 survey ~1 km east of Lloyd’s 
Meadow (V). All subpopulations occur within 25 km 
of Castlegar, BC (Figure 4).

Figure 3. Columbia Quillwort (Isoetes minima) habitat (11 May 2017, Lloyd’s Meadow, British Columbia); black sticks 
indicate position of mature plants and white sticks indicate location of sporelings. Photo: C. Maslovat.
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The total population of I. minima in Canada in 
2017 (COSEWIC 2019a) was 1019 mature individ-
uals capable of reproduction (Table 1). Sporelings 
(immature plants) were observed at all of the sites.

Globally, I. minima is known from fewer than 15 
subpopulations. In the United States, the sites are 
widely dispersed in Washington, Idaho, and Oregon, 
with distances between sites in Washington being as 
much as 200 km (Figure 2). The Canadian occur-
rences are approximately 100 km from the closest 
known United States sites.
Habitat characteristics

In Canada, the habitat of I. minima is confined to 
discrete forest openings within the Interior Cedar–
Hemlock biogeoclimatic zone (BC Ministry of For-
ests, Lands, Natural Resource Operations and Rural 
Development 2018). The range is within the Selkirk 
Foothills Ecosection, a transition zone divided by the 
BC–Washington border which lies between the Sel-
kirk Mountains to the east and the Okanagan High-
lands to the west (Demarchi 2011). The substrate is 
composed of granitic batholiths and sedimentary 
rocks, and the landforms have been altered by gla-
ciers which rounded the mountains and left glacial 
debris on the valley floor, particularly south of Castle-
gar (Demarchi 2011).

This habitat is rare: it consists of small (170–
300 ha), sloping pocket meadows (glades) within a 
larger forested matrix. It is further restricted by a nar-
row geographic area and by a limited range of eleva-
tion: 700–1160 m in Canada and 1370–2299 m in the 
United States (COSEWIC 2019a). Within the mead-
ows, characteristic features of places where plants 
were found include a south-to-east facing aspect 
free from snow early in the spring; sustained spring 
(to early summer) seepage over thin soils; and gen-
tle to moderate slopes (up to 20%). Spring seepages 
are naturally uncommon in the landscape, occurring 
where ephemeral underground moisture is carried 
on top of shallow bedrock and generally exhausted 
by mid-June. The thin (usually 3–7 cm, but infre-
quently 10–15 cm) soil discourages the establishment 
of larger, more vigorous vascular plants that would 
compete for light, moisture, and nutrients (COSE-
WIC 2019a).

Isoetes minima is found on acidic or circumneutral 
substrates throughout its range. Most sites are in full 
sun (Figure 3), but the species has been observed in 
smaller pocket meadows where there is partial shade 
from adjacent tree cover (COSEWIC 2019a). In Cana-
dian subpopulations, I. minima is usually found on the 
upslope edge of exposed bedrock (COSEWIC 2019a).

Figure 4. Columbia Quillwort (Isoetes minima) distribution in Canada (adapted from COSEWIC 2019a). Basemap from 
SimpleMappr (Shorthouse 2010).
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Immediately adjacent to I. minima plants, veg-
etation is either absent or dominated by thick moss 
mats (primarily Philonotis fontana (Hedwig) Bridel, 
Niphotrichum elongatum (Frisvoll) Bednarek-Ochyra 
& Ochyra, and Bryum weigelii (Biehler) J.R. Spence) 
and forbs, with a few shrubs infrequently present at 
the edges of the seeps. Characteristic associated forb 
species are included in Table 1. In Canada, I. min-
ima is also associated with the federally rare plant, 
Dwarf Hesperochiron (Hesperochiron pumilus Grise-
bach), as well as other species limited to the same 
habitat, such as Pink-fairies (Clarkia pulchella Pursh) 
and False Mermaid-weed (Floerkea proserpinacoi-
des Willdenow; Table 1). Indeed, the only Canadian 
occurrences of Dwarf Hesperochiron and Hairy Paint-
brush (Castilleja tenuis (A. Heller) Chuang & Hick-
ard), which have both been assessed by COSEWIC 
as Endangered, occur in one or more of the mead-
ows where I. minima grows (COSEWIC 2019b and 
2019c, respectively). The regionally rare False Mer-
maid-weed is present at all sites.
Identification and physical distinctions of Isoetes 
minima

Isoetes minima is among the smallest quillwort 
species in North America (Taylor et al. 2003) and the 
world (Brunton and Troia 2018). Although similar 

in appearance to dwarfed plants of I. howellii, with 
which it overlaps in range, Larsén and Rydin (2016) 
provide molecular evidence that it is more closely 
related to the predominantly coastal I. orcuttii and 
I. nuttallii. Regardless, I. minima is a relatively dis-
tinctive taxon with a unique megaspore ornamenta-
tion character that readily separates it from I. howel-
lii (Figure 5).

The following describes the most significant phy
sical characteristics of I. minima, based on our ob-
servations supplemented by the (sparse) literature ad-
dressing this and related taxa. The observations of 
Pfeiffer (1922) are used cautiously, however, as they 
included misidentified specimens (likely I. howellii) 
in their consideration of I. minima characteristics.

Gross form and leaves—The pale green plants 
emerge as tufts of 6–12, ~0.5–0.75-mm-wide leaves 
from a corm-like rootstock (Figure 1), which has been 
described as either three-lobed (Eaton 1898) or two-
lobed (Pfeiffer 1922; our study). Freund et al. (2018) 
considered corm lobation to be of significant value 
in classifying some Isoetes taxa into clades, but their 
study did not include I. minima.

Most Canadian plants average 3–6 cm in height, 
but if there is sufficient available moisture toward the 
end of the April–June growing season, the plants can 

Table 1. Subpopulation size and key associates of Canadian subpopulations of Columbia Quillwort (Isoetes minima; 
COSEWIC 2019a; this study).

Subpopulation Mature plants
(spore-bearing)

Immature  
plants

Total  
plants Associated species

Beavervale Meadow
49.20°N, 117.45°W

57 12 69 False Mermaidweed (Floerkea proserpinacoides 
Willdenow); Dwarf Hesperochiron (Hesperochiron 
pumilus Grisebach); Darkthroat Shootingstar (Primula 
pauciflora (Green) A.R. Mast & Reveal); Buttercup-
leaved Susksdorfia (Suksdorfia ranunculifolia (Hooker) 
Engelmann); Oregon Woodsia (Woodsia oregana D.C. 
Eaton); Nuttall’s Larkspur (Delphinium nuttallianum 
Pritzel); Yellow Stonecrop (Sedum stenopetalum Pursh); 
Small-flower Blue-eyed Mary (Collinsia parviflora 
Douglas ex Lindley); One-flowered Broomrape (Aphyllon 
uniflorum (L.) Torrey & A. Gray); Spotted Knapweed 
(Centaurea stoebe L.)

East Lloyd’s Meadow
49.30°N, 117.76°W

181 11 192 F. proserpinacoides; H. pumilus; Three-leaved Lewisia 
(Lewisia triphylla (Watson) Robinson); S. ranunculifolia 
(species list incomplete)

Fairview Meadow
49.24°N, 117.69°W

254 46 300 Large-flowered Clarkia (Clarkia pulchella Pursh); 
F. proserpinacoides; H. pumilus; P. pauciflora; S. 
ranunculifolia; W. oregana; D. nuttallianum; S. steno
petalum; C. parviflora; A. uniflorum; Narrow-leaved 
Montia (Montia linearis (Douglas ex Hooker) Greene); 
C. stoebe

Lloyd’s Meadow
49.30°N, 117.78°W

527 57 584 C. pulchella; F. proserpinacoides; H. pumilus; 
P. pauciflora; S. ranunculifolia; W. oregana; D. 
nuttallianum; S. stenopetalum; C. parviflora; A. 
uniflorum; M. linearis; C. stoebe

Total individuals 1019 126 1145
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become much larger, with maximum height ranging 
between 11 and 20 cm (COSEWIC 2019a).

Sporangia containing either megaspores or micro-
spores and set into the adaxial side of the swollen leaf 
bases are covered by a partial velum (tissue mem-
brane). Velum coverage is substantial (Figure 6), 
ranging from an estimated 60 to 75% (Eaton 1898) 
and calculated to average 60.4% (n = 27) in a repre-
sentative Canadian subpopulation (our study). This is 
substantially greater than the range of velum coverage 
documented for I. howellii (typically 25–40%: Brun-
ton et al. 2020) and substantially less than the 100% 
coverage of I. nuttallii and I. orcuttii (Pfeiffer 1922; 
Taylor et al. 1993).

Megaspores—The globose, white megaspores 
(Figure 5c,d) are small, even in comparison with 
most other North American diploids, ranging from 
320 to 420 µm in diameter (Taylor et al. 2003) with 

megaspores of Canadian plants ranging from 384 to 
424 µm with an average of 406.9 µm (SD 18.0 µm, 
n = 80, two subpopulations) in our study. Contrary 
to the low pattern of broad muri (walls) evident in 
I. howellii (Figure 5a,b), I. minima megaspores are 
more or less uniformly covered by short, blunt, nar-
row tubercles (Figure 5a–c).

A distinctive—indeed diagnostic—feature of I. 
minima is the megaspore equatorial ridge, which 
is conspicuously “beset with polished spinules,” 
as stated by Eaton (1898: 30; Figure 5d). No other 
North American (or global?) Isoetes has such a fea-
ture (D.F.B. pers. obs. 2020).

Microspores—Eaton (1898) accurately described 
the minute, white (en mass) microspores as ranging 
from 26 to 31 µm in length (mean 29.67 µm, n = 20, 
D.F. Brunton & K.L. McIntosh 17,243, 28 June 2008, 
Salmo, BC [DFB]) and being sparsely papillose or 

Figure 5. Howell’s Quillwort (Isoetes howellii) and Columbian Quillwort (Isoetes minima) megaspores. a and b. Isoetes 
howellii open ornamentation pattern of low, broad, anastomosing muri (walls) with (a) distal side (L.F. Henderson 2,894, 
Moscow, Idaho [MO 200569]) and (b) proximal side with microspore [arrow] (D.F. Brunton & K.L. McIntosh 10,855, 
Akamina-Kishinena Provincial Park, BC [OAC]). c and d. Isoetes minima with (c) dense ornamentation pattern of thin 
tubercles on distal and proximal sides (D.F. Brunton & K.L. McIntosh 17,243, Salmo, BC [DFB]) and (d) diagnostic row of 
tubercles (“spokes of ship’s wheel”) [arrows] atop the equatorial ridge. Scale bars = 100 µm. Photos: a and b. D.M. Britton, 
University of Guelph, 1992. Used with permission. Photos: c and d. P. Sokoloff.



300	 The Canadian Field-Naturalist	 Vol. 135

coarsely echinate (Figure 7). Those of I. howellii are 
similar in size and ornamentation, but are somewhat 
more echinate. An apparently broad and conspicu-
ous dorsal ridge on the latter may present a usefully 
distinctive feature in comparison to the inconspicu-
ous and narrow dorsal ridge of I. minima microspores 
(Brunton et al. 2020), but this possibility requires fur-
ther study.

Table 2 summarizes the distinctions between I. 
minima and the morphologically most similar taxa 
found in the Pacific northwest with which there could 
be confusion. Its most distinctive characteristics are 
its wet-meadow habitat, diminutive size, and unique 
megaspore ornamentation (particularly the diagnostic 
equatorial ridge feature).

Key—The following key to BC Isoetes species is 
based on mature plants with well formed (white, glo-
bose) megaspores. Data are from Britton and Brun-
ton (1993, 1995, 1996) and the present study. Hybrids 
can be expected to occur sparingly in mixed popula-
tions of Isoetes and several have been described from 
BC (Britton and Brunton 1993, 1995, 1996). They are 
identified by spore size, cytology, and morpholog-
ical features that are intermediate between their on-
site putative parents. Sterile hybrids can be distin-
guished from fertile species (treated in the key) by 
their misshapened (not globose) form, variable (not 

uniform) size within a single sporangium, and spore 
ornamentation that expresses features of two (not a 
single) species.

1. 	Spring to early summer (March–late June) matur-
ing plants of ephemeral open vernal pools or seep-
age areas in upland forest glades or in shore mead-
ows; megaspores 350–450 (500) µm in diameter 
.............................................................................  2

– 	 Summer to autumn (July [rarely late June]–Sep-
tember) maturing aquatic plants in permanently 
shallow to deep oligotrophic water of lakes, ponds, 
and rivers (or late-season emergent); megaspores 
450–600 (720) µm in diameter ...........................  4

2. 	Velum coverage of sporangia complete (100%); 
megaspores with ± smooth ornamentation; in vernal  
pools along the Pacific coast .......  Isoetes nuttallii

–	 Velum coverage of sporangia partial (25–75%); 
megaspores with ridged or tuberculate ornamen-
tation; in forest glade seepages or shoreline mead-
ows in interior .....................................................  3

3. 	Short (<7 [rarely 15] cm tall) forest glade seep-
age plants; velum coverage of sporangia 60–75%; 
megaspores average 407 µm in diameter, orna-
mentation prominently densely tuberculate with 
diagnostic row of spinules along equatorial ridge; 
matures May and June in Canada .......................... 	
......................................................  Isoetes minima

–	 Moderately (10–15 [rarely 30] cm) tall shore 
meadow plants; velum coverage of sporangia 
25–40%; megaspores average 450 µm in diameter, 
ornamentation obscurely mounded or with broken 

Figure 7. Columbia Quillwort (Isoetes minima) microspore 
(A. Ceska & O. Ceska 19,754, 30 June 1985, Ellenburg, 
Kittatis County, WA [DFB]). Scale bar = 10 µm. Photo: P. 
Sokoloff, August 2020.

Figure 6. Columbia Quillwort (Isoetes minima) inner basal 
leaves showing partial (~ 65%) coverage of light tan-coloured 
sporangia; megaspores are evident through unmarked, trans-
lucent sporangium walls (29 June 2014, Lloyd’s Meadow, 
British Columbia). Photo: R. Batten. 
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network of low muri; smooth-crested equatorial 
ridge; matures July (rarely late June)–August in 
Canada ..........................  Isoetes howellii (in part)

4.	 Early summer (July [rarely late June]–August) 
maturing plants of shallow ponds and emergent 
shores; megaspores average 450 µm in diameter, 
ornamentation obscurely mounded or with broken 
network of low muri .....  Isoetes howellii (in part)

–	 Mid-summer to late autumn (late July–Septem-
ber) maturing plants of deep to shallow permanent 
water (or mixed emergent-aquatic along shores in 
late season); megaspores >500 µm in diameter, 
ornamentation with pronounced echinate or ridged 
pattern .................................................................  5

5.	 Robust plants with thick, evergreen, dark green 
leaves in shallow to (typically) deep water; mega-
spores >600 µm in diameter, ornamentation 
coarsely papillate or with short muri in broken-
reticulate pattern ....................................................
 ..................... Isoetes occidentalis L.F. Henderson

–	 Plants thin to moderate, deciduous, bright to dull 
green leaves in shallow water (mixed emergent-
aquatic in late season); megaspores <550 µm in 
diameter, with echinate ornamentation ...............  6

6. Bright green diploid plants with ascending to 
recurved leaves; megaspores 420–475 (510) µm 
in diameter, with densely echinate ornamentation 
of fine-tipped spines ...............................................  
............................. Isoetes echinospora M. Durieu

–	 Dull green to green tetraploid plants with ascend-
ing leaves; megaspores 500–550 (600) µm in 
diameter, with echinate ornamentation of thin 
tubercles and blunt-tipped spines ..........................  
...........................  Isoetes maritima L. Underwood

Discussion
We confirm that the obscure and long-overlooked 

lycophyte, I. minima, represents a distinct and rare 
native element of the North American flora. Its short 
growing season, small size, and isolated occurrences 
have resulted in limited investigations both in Can-
ada and the United States (the furthest south popu-
lation being within 800 km of the Canadian border). 
Accordingly, our understanding of basic aspects of its 
natural history, such as physical size, limitations to 
morphological variation, reproductive potential, and 
distributional vectors, are based on relatively limited 
data gathered over a short period (several decades). 
Many of the detailed morphological and ecologi-
cal characteristics of this rare lycophyte, for exam-
ple, are documented for the first time in our present 
study. As well, only preliminary genetic information 
is available concerning its relationship with associ-
ated species. Is it an ancient relict species or a newly Ta
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developed evolutionary “experiment”? That and sim-
ilar origin and relationship questions remain to be 
answered.

The four known Canadian subpopulations (Figure 
4) constitute just over a quarter of the species’ total 
global occurrences. Accordingly, the long-term stabil-
ity and security of Canadian subpopulations of this 
Columbia Region endemic is of significant impor-
tance to the global survival of the species. Maintain-
ing the rare pocket meadow seepage habitat is funda-
mental to the sustainability of this species as well as 
the other Species At Risk and regionally significant 
taxa that are entirely contained within it. The lack of 
suitable habitat across the landscape coupled with 
limited dispersal mechanisms is likely the cause for 
the rarity of I. minima.

Maintaining the ecological integrity of the habi-
tat will require protecting upslope hydrology, limit-
ing encroachment by trees and shrubs into the pocket 
meadows, and preventing the further spread of inva-
sive, non-native plants. All of the known subpopula-
tions are on provincial Crown land, which precludes 
impacts associated with land development (COSE-
WIC 2019a). However, Crown land remains subject 
to threats associated with recreational activities, log-
ging, invasive species, and fire suppression.

All known subpopulations in Canada are acces-
sible to the public and subject to varying levels of 
use. Fairview Meadow is a mountain biking area and 
near active all-terrain vehicle trails; bike tracks were 
observed within several metres of I. minima (COSE-
WIC 2019a). A new housing development adjacent 
to the site may increase future recreational impacts. 
Biking and hiking activities trample plants or can 
dislodge soil, trails can alter hydrology by diverting 
water flow from seepage areas, and tires and shoes 
can introduce and spread invasive non-native plants 
(COSEWIC 2019a). Recreational activities are more 
likely to create channels that increase water flow 
either by flooding or by drying the habitat, rather than 
expanding the seepage areas. Such activities in small 
amounts, however, may also create habitat by dis-
persing spores, decreasing competition from vascu-
lar plants, and altering hydrology in ways that could 
transport megaspores to new habitats.

Logging was planned for at least one of the sites; 
however, the logging company is now aware of the 
presence of rare species on the site. The company has 
agreed to leave a buffer of 30 m beside and below the 
meadow and any harvesting upslope will involve a 
detailed drainage plan using Lidar data to ensure that 
the hydrology of the site is not impacted (G. Cordeiro 
pers. comm. 18 July 2018). Logging and road build-
ing, even in areas adjacent to open meadows, can alter 
hydrology and erode the thin soils, damaging seepage 

areas (COSEWIC 2019a). The presence of heavy 
equipment in nearby areas can also spread invasive 
plants.

Non-native invasive plants, most notably Spot-
ted Knapweed (Centaurea stoebe L.), are present at 
all sites. Although knapweed plants are small while 
I. minima is producing sporangia, later in the season 
knapweed dominates all Canadian sites. Knapweed 
may cause premature drying of seepages, potentially 
reducing reproductive success and rendering the habi-
tat unsuitable for I. minima (COSEWIC 2019a).

The role of wildfire in maintaining the open pocket 
meadow habitat is unclear (COSEWIC 2019a). Imag-
ery over the last 10 years shows shrub and tree 
encroachment along the edge of pocket meadow habi-
tat. However, the specialized habitat has likely always 
been uncommon on the landscape limiting the distri-
bution of I. minima. Encroachment may decrease the 
habitat available to I. minima by shading, while tree 
and shrub roots may absorb seepage flow and alter 
hydrology. With the increased fuel loading associated 
with decades of fire suppression, future wildfires may 
be more severe and may degrade habitat by causing 
erosion and altering hydrology (COSEWIC 2019a).

Isoetes minima will be impacted by climate 
change. Climate model projections (Pacific Climate 
Impacts Consortium’s statistically downscaled cli-
mate scenarios) for the Kootenay Region suggest 
temperatures will increase across all seasons and all 
elevations, with worst-case scenarios predicting an 
increase in the average annual temperature of 1.6°C 
in the 2020s, 3.2°C in the 2050s, and 5.3°C by the 
2080s (BC Agriculture and Food Climate Action Ini-
tiative 2019). Predictions suggest an increase in over-
all annual precipitation, with more extreme precipita-
tion events, and a decrease in precipitation during the 
summer season (BC Agriculture and Food Climate 
Action Initiative 2019). Increased winter precipita-
tion (coupled with warmer temperatures) is predicted 
to fall as rain rather than snow, resulting in decreased 
snowpack, more rapid snowmelt, and further reduc-
ing spring and summer flows (Province of BC 2016). 
These climatic changes are likely to reduce flow to 
seepages and may cause earlier drying of the habitat. 
If the window between snow melt and seepage dry-
ing is compressed, I. minima may not have sufficient 
time to produce mature sporophytes. Changes to flow 
patterns (decreased flow or extreme rain events) may 
interfere with effective spore dispersal.

Predicted climate changes may also result in an 
increased risk of wildfire, larger fluctuations of unpre-
dictable seasonal conditions, and more extreme heat 
events (Province of British Columbia 2016; BC Agri-
culture and Food Climate Action Initiative 2019). All 
of these could potentially have a negative impact on I. 
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minima subpopulations.
From the limited surveys we conducted, at least 

three of the four Canadian subpopulations of I. min-
ima appear to be self-sustaining because previously 
documented subpopulations have persisted for almost 
25 years. A lack of previous rigorous plant counts, 
however, makes long-term population trends impos-
sible to determine at present.

Although it appears that I. minima in Canada is 
currently self-sustaining, and other subpopulations 
could be found in the southern interior of BC, sub-
populations of the species will always be vulnera-
ble to declines resulting from direct or inadvertent 
human activity. To minimize the potential harm and 
loss from such negative impacts and to maximize the 
potential for recovery and sustainability, more knowl-
edge of the natural history of this species is required. 
Further research is necessary to determine how I. 
minima and other associated rare species disperse to 
such isolated habitats within large stretches of unsuit-
able terrain. More information is required to under-
stand whether I. minima is susceptible to impact from 
invading non-native plants and how invasive plants 
might alter hydrology. Further surveys and monitor-
ing are essential for determining natural population 
fluctuations over time and to document other poten-
tial occurrences. Further research to understand tax-
onomic relationships, particularly with the closely 
related species I. howellii and I. nuttallii, will also 
help illuminate the diversity of Isoetes species glob-
ally and inform our understanding of evolutionary 
radiation and relationships in the genus.
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Abstract
Non-native slugs, such as Arion, are becoming a concern for land managers in Nova Scotia, Canada, particularly in forested 
wetlands. They appear to have a highly diverse diet and may pose a particular risk to native slug species and to rare or at-risk 
lichens. We provide novel information on the distribution, abundance, arboreal tendencies, and seasonality of slugs in for-
ested wetlands across southwestern Nova Scotia. We collected a total of 402 slugs representing seven species including two 
native species, Pale Mantleslug (Pallifera dorsalis) and Meadow Slug (Deroceras laeve), and five non-native Arion taxa. 
The three most abundantly caught taxa were Northern Dusky Arion (Arion fuscus), D. laeve, and Western Dusky Slug (Arion 
subfuscus). Arion fuscus and D. laeve were collected on the forest floor and on lichen-bearing trees, while A. subfuscus was 
collected only on the ground. All three taxa showed differences in collectability between July and September and low arbor-
eal tendencies. We highlight that further studies are needed to better understand the biology and ecology of this largely neg-
lected invertebrate group that seems to be dominated by non-native Arion species in the study region. Such information is 
crucial for conservationists and forest managers untangling the question of how non-native slugs affect native slug taxa and 
other groups including at-risk lichens.
Key words: Arion fuscus; biodiversity conservation; biological invasion; forested wetlands; slug community

Introduction
Gastropods are an ecologically important inver-

tebrate group that constitute a considerable propor-
tion of the forest floor biomass in northern forests 
(Hawkins et al. 1997; Jordan and Black 2012). They 
are important decomposers of forest litter, contribut-
ing directly to soil formation and nutrient recycling 
(Jennings and Barkham 1979; Oli and Gupta 2000; 
Meyer et al. 2013), and are important sources of food 
and calcium for several animal groups including 
invertebrates (Symondson et al. 2002) and birds and 
small mammals (Allen 2004). They also play a sig-
nificant role in the dispersal of vascular plants (Lanta 
2007), bryophytes (Boch et al. 2014), lichens (Boch 
et al. 2016), and even some small animals (Türke et 
al. 2018), mainly through endozoochory (i.e., dis-
persal of propagules via gut passage; McCarthy and 
Healy 1978; Boch et al. 2011). However, such roles 
may be significantly altered where non-native gas-
tropods invade ecosystems (Buschmann et al. 2005; 
Holland et al. 2007; Strauss et al. 2009).

Biological invasions typically proceed in three 
steps: introduction, initial establishment, and sub-
sequent spread (Robinson 1999; Suarez et al. 2001; 
Diez et al. 2008). Over any significant distance, such 
invasions are usually human-mediated (Hobbs 2000; 
Cowie and Robinson 2003; Ding et al. 2008; Capinha 
et al. 2015). Non-native slugs have become increas-
ingly serious agricultural pests in most European 
countries where they are responsible for significant 
economic losses (Runham and Hunter 1970; Cas-
tillejo et al. 1996; Kozłowski 2012) and have seri-
ous negative impacts on natural biodiversity (Blatt-
mann et al. 2013; Zemanova et al. 2018). Such effects 
are steadily becoming a worldwide problem. Since 
the arrival of Europeans in North America, several 
non-native slugs including a number of Arion species 
(Nekola 2014; Zemanova et al. 2018) have become 
distributed across the continent (even a coarse esti-
mate of the number of taxa involved is difficult to 
determine because it depends upon varying interpre-
tations of species complexes and cryptic taxa). Some 
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of these slugs have become a great concern for land 
managers (Hammond and Byers 2002; Hahn et al. 
2011). In Nova Scotia, Canada, non-native slugs are 
generally thought to increase grazing pressure on rare 
and at-risk lichens such as the Endangered Atlantic 
population of Boreal Felt Lichen (Erioderma pedicel-
latum; Cameron 2009; COSEWIC 2014; SARA Reg-
istry 2021). However, the prevalence and severity of 
slug grazing on lichen communities have not been 
well documented in North America.

In general, slugs have not been widely studied in 
North America and most of what we assume about 
their biology and ecology has been extrapolated from 
studies of non-native slugs in European agricultural 
environments (South 1992). Indeed, the ecological 
functioning of non-native slugs in agricultural land-
scapes in Europe may not be similar to that seen in for-
ested landscapes in Atlantic Canada. Our aim is to pro-
vide new information on the occurrence, distribution, 
relative abundance, arboreal tendencies, and seasonal-
ity of slug species across forested wetlands in south-
western Nova Scotia. Such information is crucial for 
helping conservationists and forest managers to better 
conserve native biodiversity in Atlantic Canada.

Methods
Study sites

Slugs were collected in eight mixed-wood for-
ested wetland sites (intact stands ≥6 ha that had not 
been harvested for at least 100 years) in southwest-
ern Nova Scotia (Figure 1). Overall, southwestern 
Nova Scotia has a humid temperate maritime climate 
with mean daily temperatures of –5.5°C in January 
and 18.5°C in July and with annual average precipi-
tation of 1350 mm with >80% as rain (Environment 
Canada 2017). The area falls within the Acadian For-
est Region, which is characterized by abundant Red 
Spruce (Picea rubens Sargent), Balsam Fir (Abies 
balsamea L.), Yellow Birch (Betula alleghaniensis 
Britton), and maple (Acer spp.) trees (Rowe 1972). 
However, our study sites, chosen specifically for their 
association with rare lichens, are instead dominated 
by Red Maple (Acer rubrum L.), Black Spruce (Picea 
mariana (Miller) Britton, Sterns & Poggenburgh), 
and Balsam Fir. Soils are poorly drained (remain wet 
all year) and support a dense cover of Sphagnum spp. 
and Cinnamon Fern (Osmundastrum cinnamomeum 
(L.) C. Presl). The study sites were chosen primarily 

Figure 1. Location of slug study sites in Nova Scotia. The black star indicates Halifax. Sites are indicated by numbers. NS 
= Nova Scotia, NB = New Brunswick, PEI = Prince Edward Island.



2021	 Medeiros et al.: Slugs in Nova Scotia	 307

for a long-term study on lichen community dynam-
ics as they relate to logging and its interaction with 
slug grazing (S.H. and K.A.H. unpubl. data). Crite-
ria for selecting study sites included: (a) presence of 
Red Maple and lowland-associated tree species in the 
canopy, according to provincial forest inventory data 
(Province of Nova Scotia 2021), (b) an intact forested 
portion of at least 6 ha, and (c) an estimated depth to 
water table of <0.5 m (Province of Nova Scotia 2007).
Slug surveys

Slugs were collected using pitfall traps. Initially 
we set out 224 traps in eight wetland forested sites. 
At each site, there were seven 5 × 50 m plots spaced 
20 m apart with three tree traps (one trap per tree on 
canopy-height Red Maple; Figure 2) and one ground 
trap (1 m away from one of the trees) in each of the 
seven plots (8 sites × 7 plots × 4 traps = 224 traps). 
We had more tree traps than ground traps because we 
were more interested in potentially arboreal species, 
a requirement for grazing on epiphytic lichens. The 
efficacy of our tree pitfall traps was unknown com-
pared with ground pitfall traps and cardboard sheet 
traps, which have been commonly used in previous 
studies of terrestrial slugs (e.g., Moss and Hermanutz 
2010; Rodriguez-Cabal et al. 2015; Lucid et al. 2018; 
De Smedt et al. 2019). In addition to the initial 224 
traps set out within the eight forested wetland study 
sites, we also placed one pitfall trap on the ground 
in an adjacent clearcut area to determine if additional 
species were present in the disturbed areas around 
these wetland forested sites.

All traps consisted of 100 ml plastic specimen 
jars (6 cm diameter openings), baited with ~20 ml 
of Budweiser beer (Anheuser-Busch, LLC [USA]/
Labatt Brewing Company [Canada]). Pitfall traps on 
the ground were pressed into the duff layer and cov-
ered with a 30 × 20 cm cardboard sheet that acted 
as a protective roof. Slugs accessed the ground pit-
fall traps through a gap of at least 1.5 cm between 
the cardboard and the trap. Pitfall traps on trees were 
suspended from the rim of a wide hole in the bottom 
of a wooden box (15 × 15 × 20 cm) affixed to a tree 
trunk ~1.3 m above the ground (Figure 2). The inner 
side of each box was open to the tree trunk and posi-
tioned carefully so as to frame a targetted lichen thal-
lus, most often Tree Lungwort (Lobaria pulmonaria). 
The outer side of the box swung open to allow collec-
tor access to the enclosed pitfall trap. A gap of 1.5 cm 
was provided between the inner edges of the wooden 
box and the bark of the tree to allow slugs to enter 
the box.

Trapping took place over two time periods in 
2019: 11–29 July (19 days) and 23–27 September 
(five days). In July, the traps were typically emptied 
after nine days, allowing for two separate collecting 

events during the 19-day collection period. In Sep-
tember, there was only a single collecting event last-
ing five consecutive days. Once collected, the speci-
mens were preserved in 70% ethanol.

Slugs were identified to the lowest taxonomic 
level practical by J.E.M. using standard references 
including, but not limited to Chichester and Getz 
(1973), Davies (1977, 1979), De Wilde (1983), De 
Winter (1984), Backeljau and Marquet (1985), Back-
eljau and van Beeck (1986), Backeljau and de Bruyn 
(1988), Garrido et al. (1995), Pinceel et al. (2004), 
Skujienė (2004), Jordaens et al. (2006), Rowson et al. 
(2014a,b), and Gural-Sverlova and Gural (2015). It 
should be noted that slug taxonomy is still very much 
in a state of flux. In recent years, ongoing refine-
ments in both morphological and molecular knowl-
edge have contributed to increasingly defensible spe-
cies descriptions and delineations. However, these 
same refinements have also contributed to the discov-
ery of many new “cryptic species” (two or more spe-
cies formerly “classified as a single nominal species 
because they are at least superficially morphologi-
cally indistinguishable” [Bickford et al. 2007: 149]), 
and “genetically-defined forms”, both of which are 
very difficult, if not impossible, to distinguish using 
traditional morphological methods.

All slugs resembling either “Arion fuscus” or 
“Arion subfuscus” were dissected and subsequently 
assigned to one of these two taxa on the basis of their 
distinct gonad morphologies (Garrido et al. 1995; 
Pinceel et al. 2004; Jordaens et al. 2006; Rowson et 
al. 2014b; Gural-Sverlova and Gural 2015). How-
ever, each of these two taxa has been found to include 
multiple cryptic forms (Pinceel et al. 2004, 2005a,b; 
Rowson et al. 2014a), so each should more properly 
be thought of as a “species complex” or a “species 
aggregate”. Gastropod voucher specimens have been 
deposited in the Natural History collections of the 
Nova Scotia Museum in Halifax, Canada (accession 
number N020-018).
Statistical analyses

We compared specimen counts between tree and 
ground traps from the forested wetlands using a 
Mann-Whitney U-test in the software PAST (Ham-
mer et al. 2001). The Mann-Whitney U-test is a non-
parametric alternative used to examine significant dif-
ferences between two groups of single variables with 
no specific distribution (McKnight and Najab 2010). 
Although the total number of traps was initially 224, 
several traps were damaged or destroyed by wildlife 
in both months and on both substrates. Moreover, the 
number of sampling days varied among study sites 
and the number of traps varied between substrates 
(168 tree and 56 ground traps). Therefore, for a fair 
comparison between trap types across study sites we 
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Figure 2. A tree trap used to collect slugs on lichen trees in southwest Nova Scotia. A plastic jar baited with beer was placed 
in the bottom of the trap. The inner side of the box was open, against the tree trunk. The outer side of the box served as a door 
to retrieve collected slugs and to rebait the traps.

a

c

b

d
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used the number of slugs per trap per sampling day 
(x):

x = —yji
where for each site, y = number of slugs, j = number 
of days traps were baited, and i = number of traps. 
We included all active traps including intact traps 
with zero slugs, but damaged and inactive traps were 
excluded. The number of undamaged traps was 165 in 
July and 152 in September.

We also performed a Mann-Whitney U-test to 
compare the occurrence of slug species between for-
ested wetlands and adjacent clearcuts. For this analy-
sis, we used the number of slugs per trap per sampling 
day in both forest and clearcut habitats. Only ground 
traps were used in this analysis.

Results
We collected 315 slugs in the forested wetlands 

(Table 1) and 87 slugs in adjacent clearcut areas 
(Table 2), for a total of 402 slugs of seven species. Of 
these seven, only two, Pale Mantleslug (Pallifera dor-
salis; Nearctic) and Meadow Slug (Deroceras laeve; 
Holarctic) are native to North America, whereas the 
other five species are non-native Arion species: North-
ern Dusky Arion (Arion fuscus), Western Dusky Slug 
(Arion subfuscus), Forest Arion (Arion (Carinarion) 
cf. silvaticus), Orange-banded Arion (Arion (Carinar-
ion) cf. fasciatus), and Dark-face Arion (Arion cf. dis-
tinctus). (Note: common names from Turgeon et al. 
[1998] except for dusky slugs and Northern Dusky 
Arion from Rowson et al. [2014b].) Although the sin-
gle specimen of Arion (Carinarion) cf. fasciatus and 
the two specimens of Arion (Carinarion) cf. silvaticus 

were clearly members of the Arion (Carinarion) com-
plex, they were in poor condition when examined and 
could therefore not be identified with certainty. The 
same should be noted for the single specimen of Arion 
cf. distinctus.

Arion fuscus was present in all eight forested wet-
land sites and was the most abundant taxon, repre-
senting half of all slugs collected. Deroceras laeve 
was also present in all forested wetland sites. How-
ever, A. subfuscus was present in only two forested 
wetland sites (Table 1) and in an additional adjacent 
clearcut (site 8; Table 2). Together, these three species 
represented the vast majority of slugs caught in both 
forested wetlands (Table 1) and adjacent clearcuts 
(Table 2). More A. fuscus and A. subfuscus were 
caught in July than in September in both forested wet-
land and adjacent clearcuts, whereas D. laeve showed 
the opposite pattern in forested wetlands, with more 
being caught in September than in July (Table 1). The 
exception was site 1 where 20 individuals were col-
lected in July and only three were collected in Sep-
tember (Table 1). A total of six D. laeve were caught 
in adjacent clearcuts (Table 2). Of the two uncommon 
taxa, A. cf. distinctus was caught at a single forested 
wetland in July, while single A. cf. silvaticus were 
caught in both July and September in the same for-
ested wetland site as was A. cf. distinctus (Table 1); 
neither species was caught in adjacent clearcuts (Table 
2). Fifty-seven of the 66 individuals of A. fuscus and 
all individuals of A. subfuscus, P. dorsalis, and A. cf. 
fasciatus found in clearcuts were collected in July.

In forested wetlands, we recorded the native spe-
cies D. laeve and the four non-native Arion species: 

Table 1. Numbers for each species of slug caught at each of the eight forested wetland sites in July/September in southwest 
Nova Scotia. The number in each cell is total number of individuals per month for July/September, whereas the numbers in 
parenthesis are the total number of individuals collected per species summing all individuals collected in all the eight sites 
and in both months. Exact locations of the trapping sites are available upon request for approved users.

Slug species Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Total
Arion cf. distinctus (Mabille, 1868), 
Dark-face Arion

1/0 — — — — — — — 1/0 
(1)

Arion fuscus (O.F. Müller, 1774), 
Northern Dusky Arion

16/6 9/2 3/0 2/0 6/5 32/5 33/10 1/6 102/34 
(136)

Arion subfuscus (Draparnaud, 1805), 
Western Dusky Slug

78/4 — — — — — — 0/1 78/5 
(83)

Arion (Carinarion) cf. fasciatus 
(Nillson, 1823), Orange-banded Arion

— — — — — — — — —

Arion (Carinarion) cf. silvaticus 
Lohmander, 1837, Forest Arion

1/1 — — — — — — — 1/1 
(2)

Deroceras laeve (O.F. Müller, 1774), 
Meadow Slug

20/3 0/2 0/2 0/1 1/12 6/18 1/10 2/15 30/63 
(93)

Pallifera dorsalis (A. Binney, 1842), 
Pale Mantleslug

— — — — — — — — — 

Total 130 13 5 3 24 61 54 25 315



310	 The Canadian Field-Naturalist	 Vol. 135

Table 2. Numbers for each species of slug caught in adjacent clearcuts in July/September in southwest Nova Scotia. Similar 
to Table 1, the column “Total” is the total number of individuals per month July/September and the numbers in parenthesis 
are the total number of individuals collected in all the eight sites and in both months. 

Slug species Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Total
Arion cf. distinctus (Mabille, 1868), 
Dark-face Arion

— — — — — — — — —

Arion fuscus (O.F. Müller, 1774), 
Northern Dusky Arion

— 11/4 3/0 — 4/1 7/0 1/0 31/4 57/9 (66)

Arion subfuscus (Draparnaud, 1805), 
Western Dusky Slug

5/0 — — — — 1/0 — 5/0 11/0 (11)

Arion (Carinarion) cf. fasciatus 
(Nillson, 1823), Orange-banded 
Arion

— — — — — — — 1/0 1/0 (1)

Arion (Carinarion) cf. silvaticus 
Lohmander, 1837, Forest Arion

— — — — — — — — —

Deroceras laeve (O.F. Müller, 1774), 
Meadow Slug

1/0 1/0 — — 0/1 1/0 1/0 0/1 4/2 (6)

Pallifera dorsalis (A. Binney, 1842), 
Pale Mantleslug

— — — — — 2/0 1/0 — 3/0 (3)

Total 6 16 3 0 6 11 3 42 87

A. fuscus, A. subfuscus, A. (Carinarion) cf. silvaticus, 
and A. cf. distinctus. Arion fuscus was the dominant 
species followed by, in order, D. laeve and A. sub-
fuscus. Arion fuscus, A. cf. silvaticus, and D. laeve 
were caught on both the “tree” and the “ground” sub-
strates. The abundance of A. fuscus was higher in 
ground traps (117 individuals) than in tree traps (19) 
with significant differences found between substrates 
(using the number of slugs per trap per sampling day) 
for July (U = 7; P < 0.005) and September (U = 9; 
P < 0.004; Table 3). Deroceras laeve was numeri-
cally more abundant in ground traps (81 individuals) 
than in tree traps (12), however significant differences 
between substrates were observed only in September 
(U = 4; P < 0.001; Table 3). Arion subfuscus and A. cf. 
distinctus were collected exclusively in ground traps.

In clearcuts, we collected a total of 87 slugs of 
five species: two native species D. laeve and P. dor-
salis, and three non-native Arion species: A. fuscus, 
A. subfuscus, and A. (Carinarion) cf. fasciatus (Table 
2). For A. fuscus (the only species that showed high 
abundance in both forested wetlands and adjacent 
clearcuts and which was, overall, the most numerous 
species caught), habitat comparisons were restricted 
to July because of very low capture rates in Septem-
ber. We did not find a significant difference in the 
abundance of A. fuscus between forested wetlands 
and adjacent clearcuts (U = 23; P < 0.366; ground 
traps only). We collected the most slugs and the most 
species of slugs in sites 1 and 8 (Tables 1 and 2).

Discussion
Understanding the life span and temporal cycles 

of reproduction is critical to making sense of the 

biology and ecology of slugs. Of the seven slug taxa 
we recorded, the three species that were commonly 
caught (A. fuscus, D. laeve, and A. subfuscus) varied 
in the number of captures between July and Septem-
ber. More A. fuscus and A. subfuscus were caught in 
July, while more D. laeve were caught in September 
in seven of the eight study sites. The lower numbers 
of A. subfuscus caught in July supports the generally 
held view that A. subfuscus adults lay eggs during late 
summer or early fall and die soon afterwards. This 
slug has a life span of less than one year and overwin-
ters either as eggs or as newly hatched young (Tay-
lor 1907; Barnes and Weil 1945; Ord and Watts 1949; 
Bett 1960; Chichester and Getz 1973; Jennings and 
Barkham 1975; Bless 1977; Beyer and Saari 1978; 
Hutchinson et al. 2017). The lower numbers of A. fus-
cus in July suggests a life cycle generally similar to 
that of A. subfuscus. Unfortunately, there appear to 
be no published seasonal data for slugs identified as 
A. fuscus—a taxon long confused with A. subfuscus.

In contrast with Arion spp., D. laeve was more 
abundantly caught in September. However, it is diffi-
cult to infer a seasonal pattern for this species because 
it has a life span of less than one year (Faberi et al. 
2006; Mohamed and Ali 2011) and lays eggs continu-
ously after maturity (Chichester and Getz 1973; Jor-
daens et al. 2006). All life stages of D. laeve can be 
found throughout the year, including winter, suggest-
ing overlapping generations (Taylor 1907; Getz 1959; 
Quick 1960; Chichester and Getz 1973; Boag and 
Wishart 1982; Jordaens et al. 2006). Most D. laeve 
we caught in September were extremely small, indi-
cating recent hatching. Approximately how many of 
these very small young slugs might have survived to 
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maturity is unknown, because survivorship curves for 
slugs are not well reported.

So far, we have treated D. laeve as a native species 
in North America; however, there is some uncertainty 
with it being native or non-native throughout the con-
tinent. Pilsbry (1948) suggested that the species orig-
inated in Eurasia and arrived in the Americas by two 
routes: once via Beringia during the Pleistocene i.e., 
native and once more recently via human transport 
across the Atlantic Ocean from Europe. Preliminary 
genetic analysis (Araiza-Gómez et al. 2017) has iden-
tified at least three, more or less discrete groups of 
D. laeve, concentrated primarily in the United King-
dom, Ireland and Switzerland, and North Amer-
ica including Mexico. Rumi et al. (2010) had earlier 
found D. laeve to be additionally present, supposedly 
as introductions, throughout the Americas and else-
where. Given the number of slug species thought to 
have been introduced to eastern North America from 
Europe in post-Columbian times (Chichester and 
Getz 1969; Nekola 2014; Zemanova et al. 2018) it is 
possible that at least some Nova Scotian populations 
of D. laeve are of European origin. Consequently, D. 
laeve could be considered to be both native and intro-
duced within our region. Whether or not such a reality 
might lead to different ecological impacts is unknown 
because we do not know of any detailed compara-
tive studies of habitat preferences, food preferences, 
or feeding behaviour involving both eastern North 
American and European D. laeve populations.

Most Arion species are generalists that feed on a 
wide variety of items including litter, herbs, ferns, 
bryophytes, fungi, and lichens (Beyer and Saari 1977, 
1978; Asplund and Gauslaa 2010; Boch et al. 2013, 
2016), as well as animals such as worms and small 

gastropods (Barker and Efford 2004). Some slug taxa, 
including Arion spp., have definite food preferences. 
For example, A. subfuscus and D. laeve have a sig-
nificant preference for mushrooms (Chichester and 
Getz 1969, 1973; Beyer and Saari 1977; Maunder and 
Voitk 2010). The apparent preference of A. fuscus, A. 
subfuscus, and D. laeve for the forest floor may be 
associated with a high diversity of edible plants and 
fungi, coupled with a dense litter layer not available 
on trees. Dense understorey vegetation contributes to 
cool shade and abundant moisture, both of which can 
be particularly important for slugs that are highly sus-
ceptible to desiccation (Thompson et al. 2006; Nico-
lai and Ansart 2017), especially small immature indi-
viduals during hot summer days.

The history of A. fuscus in North America remains 
poorly known. It was first confirmed for the United 
States using molecular methods by Barr et al. (2009). 
L’Heureux (2016) and L’Heureux and Angers (2018) 
subsequently found it to be common in southern Que-
bec, Canada, and additionally reported the first Nova 
Scotia record from a single locality near Kempt in the 
southwestern part of that province. During the pres-
ent study, we collected A. fuscus from eight additional 
localities in southwestern Nova Scotia, suggesting 
that it may be quite common in that region.

To our knowledge, our two specimens of A. (C.) 
cf. silvaticus represent the first likely records for Nova 
Scotia. However, additional sampling and better-pre-
served specimens are needed to confirm its presence. 
Although we did not record P. dorsalis within for-
ested wetlands, we did find it in adjacent clearcuts.
Implications for biodiversity conservation

Non-native gastropods, such as Arion spp., can 
alter the structure and functioning of ecosystems and 

Table 3. Descriptive statistics for the three most abundantly caught species (Northern Dusky Arion [Arion fuscus], Meadow 
Slug [Deroceras laeve], and Western Dusky Slug [Arion subfuscus]) collected in the eight forested wetlands (adjacent 
clearcuts not included) in southwest Nova Scotia. We tested for significant differences in the number of slugs between tree 
and ground traps. Mann-Whitney values (U) and respective P-values are reported. 

Slug 
species

Sampling 
month

# sites  
with 

detections

# traps with detections
% traps with detections

 per trap-day,  
mean ± SD

Number of slugs Statistical 
test

Tree Ground Tree Ground Tree Ground
A. fuscus July 8 6 24 3% 43% 0.02±0.03  0.24±0.26 U = 7;  

P < 0.005
Sept 6 1 18 1% 32% 0.003±0.008  0.17±0.12 U = 9;  

P < 0.004
D. laeve July 6 6 13 4% 23% 0.01±0.02  0.03±0.04 U = 36;  

P < 0.73
Sept 8 4 22 2% 39% 0.01±0.08  0.26±0.22 U = 4;  

P < 0.001
A. 
subfuscus

July 3 0 8 0% 13% 0  0.07±0.21 Absent in 
tree trapsSept 2 0 4 0% 9% 0  0.03±0.06



312	 The Canadian Field-Naturalist	 Vol. 135

may contribute to the loss of native species (Brown 
and Gurevitch 2004; Zettler et al. 2004), includ-
ing native gastropods. In Nova Scotia, Davis and 
Browne (1996) suggested that Arion species restrict 
the occurrence of the native P. dorsalis to forest hab-
itats, but evidence for this is scant and we found P. 
dorsalis (n = 3) only in the adjacent clearcuts. Com-
petition between non-native and native slugs in 
North America may not be as strong as has gener-
ally been thought; native gastropods also appear to 
be less abundant in urban areas which are dominated 
by non-native species (P.M. Catling and B. Kostiuk 
unpubl. data). Paustian and Barbosa (2012) examined 
food and microhabitat preferences of Carolina Man-
tleslug (Philomycus carolinianus) and Changeable 
Mantleslug (Megapallifera mutabilis), both native to 
North America, as well as of the non-native slug A. 
subfuscus (possibly A. fuscus), in Maryland, United 
States. They found that although the overlap in food 
use was greater between A. subfuscus and P. carolin-
ianus than between P. carolinianus and M. mutabilis, 
the overlap may have been low enough to keep com-
petition to a minimum.

Because Arion species, including A. fuscus and A. 
subfuscus, are known lichenivorous grazers (Asplund 
and Gauslaa 2010; Asplund et al. 2010; Asplund 
2011), their spread into southwestern Nova Sco-
tia might be expected to increase grazing pressure 
on at-risk tree lichen species including E. pedicella-
tum. Given that we collected A. subfuscus only on the 
ground, and that D. laeve prefers mushrooms and we 
found more of them on the ground than in the tree 
traps, it seems likely that most of the grazing pres-
sure on tree lichens in southwestern Nova Scotia is 
attributable to A. fuscus. Additionally, A. fuscus was 
recorded in all eight study sites and is much larger 
in size than D. laeve (adults of A. fuscus are around 
50–70 mm in length while D. laeve are 15–25 mm 
long; Rowson et al. 2014b). In Quebec, L’Heureux 
and Angers (2018) also found A. fuscus to be the most 
abundant and widely distributed slug species. While 
Cameron (2009) found “Arion subfuscus” to be com-
monly recorded on E. pedicellatum thalli in mixed-
wood forest remnants in central Nova Scotia, from his 
description, these slugs may well have been A. fuscus.

Due to limited mobility, non-native slugs probably 
use passive means to quickly colonize new sites. For-
est roads are the main access for logging, monitoring, 
and management of forest resources but can also act 
as corridors that facilitate the introduction and disper-
sion of alien species by increasing human activities in 
previously inaccessible areas (Mortensen et al. 2009). 
Anthropogenic activities, such as clearcut harvesting, 
can also favour the colonization of non-native slugs 
including Arion species (Kappes 2006). This seems 

to be the case for A. fuscus, which did not differ in 
abundance between forest and clearcut habitats. As 
the eight forested wetlands were adjacent to 2–5 year-
old clearcuts, the non-native species, particularly A. 
fuscus, may have been spread by anthropogenic vec-
tors such as off-highway vehicles and forest harvest-
ing equipment then spread to the intact forest. Haugh-
ian and Harper (2018) surveyed lichens in our eight 
study sites and found a higher proportion of gastropod 
grazing on lichens near clearcut edges than in the for-
est interior. Despite this evidence, additional exami-
nations of the prevalence, abundance, and effects of 
Arion species on native slugs and lichens in undis-
turbed habitat are needed.

We have provided novel information on the ecol-
ogy of slugs in Nova Scotia. There did not seem to 
be anything special about sites 1 and 8, where we 
captured the highest diversity and numbers of slugs, 
except that the traps were open for more days at these 
two sites than at the other six. Additional studies in 
different habitats and at multiple spatial and tempo-
ral scales are needed to better understand patterns of 
seasonality, food and habitat preferences, and disper-
sal capacity of this neglected group. Such information 
will enable a better understanding of how environ-
mental factors regulate interactions between slug spe-
cies and between slugs and other taxa, such as lichens 
and fungi, which will aid conservationists and forest 
managers to conserve native biodiversity and mini-
mize the spread of non-native species.
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Changes to the Book Reviews and New Titles Sections
Our Book Review Editor stepped down after pub-

lication of Volume 135, Issue 2. We have been un-
able to find a replacement to date; thus, this sec-
tion will undergo several changes. Until we find 
a new editor, William Halliday (wdhalliday@
gmail.com), our Online Journal Manager, will take  
over the New Titles list and Amanda Martin (canadian 
fieldnaturalistae@gmail.com), the Assistant Editor, 
will manage the Book Reviews. William Halliday 
will focus on titles of books that are available for re-
view. Readers of this journal are invited to request ti-
tles they are willing to review from the list from Wil-
liam and, if still available, copies will be sent direct-
ly to them by the publisher. Readers will still be able 
to submit reviews of books they have on hand, pro-
vided that reviewed books have a Canadian connec-
tion, including those on any species (native or non-
native) that inhabits Canada, as well as books cov-
ering topics of global relevance, including climate 

change, biodiversity, species extinction, habitat loss, 
evolution, and field research experiences. Book re-
views will be submitted through the online submis-
sion system https://www.canadianfieldnaturalist.ca/
index.php/cfn/about/submissions. All received re-
views will undergo editing, and prospective review-
ers are encouraged to check our book review guide-
lines at https://www.canadianfieldnaturalist.ca/index.
php/cfn/about/submissions. These changes will be 
fully in place as of Issue 135, Volume 3 and continue 
until a new Book Reviewer Editor is found.

We wish to thank each of you who has provided 
reviews in the past, and encourage all of you to con-
tinue to keep this section going. Lastly, are there any 
volunteers willing to assume the full role of the Book 
Reviewer Editor? If so, please contact the Editor-in-
Chief (editor@canadianfieldnaturalist.ca) for more 
information.

Book Reviews
Book Review Editor’s Note: The Canadian Field-Naturalist is a peer-reviewed scientific journal publishing 
papers on ecology, behaviour, taxonomy, conservation, and other topics relevant to Canadian natural history. 
In line with this mandate, we review books with a Canadian connection, including those on any species (native 
or non-native) that inhabits Canada, as well as books covering topics of global relevance, including climate 
change, biodiversity, species extinction, habitat loss, evolution, and field research experiences.
Currency Codes: CAD Canadian Dollars, USD United States Dollars, EUR Euros, AUD Australian Dollars, 
GBP British Pounds.
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Botany

In Defense of Plants: an Exploration into the Wonder of Plants
By Matt Candeias. 2021. Mango Publishing Group. 280 pages, 20.00 CAD, Hardcover. Also available as an E-book or Au-

diobook.

Written by the creator of  
the long-running (2015–
present) podcast and blog of 
the same name, this semi- 
autobiographical work is an  
extension of the author’s goal  
that the reader “see plants, 
even if for a moment, how 
I see plants” (p. 9). As the 
author of various print and 
online articles under the “In 
Defense of Plants” name, 
Candeias has considerable experience writing and 
talking about plants for a broad audience. Far from 
a dry textbook style, the writing comes alive through 
the author’s obvious passion for plants and their 
ways.

Physically, this book is an odd size—at 13.5 cm 
wide and 19 cm tall, this is not your typical hardcover. 
It uses a small font which some readers may find chal-
lenging. The book is also printed on thin paper that 
allows type or images on the reverse side of a page 
to show through, giving it a grey tone and an almost 
newsprint-like feel. Combined with the small font, the 
paper transparency makes it a tougher than average 
read. (I have good eyesight and still found it a bit chal-
lenging in lower light.) The greyscale photos make 
for a mixed experience—several are very effectively 
balanced but some are not well suited to greyscale and 
appear overly dark, washed out, or murky.

Most chapters consist of a series of examples under 
a theme, typically accompanied by a few photos of 
the plants under discussion. The tone is very informal; 
often the author writes directly to the reader, using 

the first person and offering personal reflections and 
opinions. This casual tone is not a writing style that 
will appeal to all readers, but it does add personality 
to the writing. Following an oddly defensive Preface, 
the bulk of the work is interesting facts about various 
plants. Candeias explores a diversity of life stages and 
strategies, from pollination by seedsnipe birds to seed 
dispersal by fish. A personal favourite: bat pollination 
facilitated through specialized banner petals on the 
sea bean flower, adapted as a nectar guide for the fre-
quency of the nectar feeding bat’s echolocation. The 
really fun part is that once the flower has been visited, 
the banner petal shape changes and bats learn not to 
revisit spent nectar sources, thus increasing cross pol-
lination (pp. 90–94). The final chapter, The Problems 
Plants Face, is a brief treatise on the various threats 
to plant diversity and populations accompanied by 
actionable steps readers can take to help.

Overall, In Defense of Plants has the feel of lis-
tening to someone really interested in plants tell you 
all about them, a sort of highlight reel of weird and 
wonderful facts organized around a theme by chap-
ter. While the intended audience is the broad public, 
this book will likely appeal most to those who already 
hold an interest in plant ecology, diversity, life histo-
ries, cultivation, etc. Although I found it tougher to 
get through than I anticipated, if your eyesight is good 
and you enjoy learning new things about the world 
around you, this book is a solid collection of interest-
ing plant miscellany written by an author who knows 
their stuff.

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).

https://creativecommons.org/licenses/by/4.0/
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Entomology and Arachnology

Lyme Disease, Ticks and You: a Guide to Navigating Tick Bites, Lyme Disease and Other 
Tick-Borne Infections
By Shelley Ball. 2021. Firefly Books. 128 pages, 19.95 CAD, Paper.

Any naturalist or person  
who works outdoors in tem
perate North America, par-
ticularly in hotspots for 
ticks, is likely already aware  
of ticks and perhaps has 
even had Lyme Disease or 
knows someone who has 
had it. For those still unfa-
miliar with Lyme Disease, 
it is caused by the bacte-
rium Borrelia burgdorferi  
as well as other species 
within the genus Borrelia and is transmitted to hu-
mans via ticks such as black-legged ticks (Ixodes 
spp.). Once infected with Borrelia bacteria, humans 
can start to display a number of symptoms of Lyme 
Disease, including the iconic “bulls-eye rash” (Ery-
thema migrans rash), fatigue, and flu-like symptoms. 
If Borrelia bacteria remain undetected or untreated in 
humans, then chronic symptoms may occur, although 
chronic Lyme Disease remains a contentious issue 
among medical professionals. Hotspots for ticks in 
Canada, and in North America as a whole, seem to 
be getting worse as the hotspots are expanding into 
new regions, and Lyme Disease is becoming more 
prevalent.

Lyme Disease, Ticks and You serves as an excel-
lent overview for all aspects of Lyme Disease, includ-
ing a history of Lyme Disease, the ecology of ticks 
and transmission of Lyme Disease, how to mitigate 
the risks of tick bites, what to do if you get a tick bite, 
and more information on the medical side related to 
acute and chronic Lyme Disease. This book serves as 
a really great crash course for anyone interested in 
many of the basics of Lyme Disease and ticks. Lyme 
Disease is not simple. It is transmitted to humans via 
tick species that have complex life cycles, including 

multiple host species at different life stages. Simi-
larly, once Borrelia bacteria enter the blood stream 
of a human, the resulting symptoms are not necessar-
ily predictable. Dr. Ball takes these relatively com-
plex topics and describes them in a straightforward, 
logical fashion using fairly plain language. Readers 
with a basic understanding of science should find this 
book easy to digest and follow. Perhaps one of the 
most important take-home messages from this book 
is that ticks are becoming more common on the land-
scape and there is likely no way to remove this threat 
from the ecosystem. Rather than fearing the outdoors, 
we must learn to co-exist safely with ticks. This can 
be achieved through a number of simple steps, many 
of which are laid out in this book, including the use of 
repellants and tick checks (i.e., searching your body 
for ticks).

The author of this book is a biologist and educa-
tor. Dr. Ball lives in a hotspot for Black-legged Tick 
in Ontario, and she suffers from chronic Lyme Dis-
ease. Dr. Ball weaves together her expertise in ecol-
ogy with her experience as someone who suffers from 
Lyme Disease to bring this book together. The preface  
is quite personal: it lays out Dr. Ball’s history with 
Lyme Disease and describes why she thought it was 
necessary to write this book. One of the main goals of 
her book was to help educate people on Lyme Disease 
and its risks, and that goal has certainly been met. I 
highly recommend this book to any naturalist, stu-
dent, or person getting into the outdoors for work or 
pleasure who does not know much about Lyme Dis-
ease and staying safe while in tick country. 

William D. Halliday
Wildlife Conservation Society Canada,  

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

University of Victoria, Victoria, BC, Canada

https://creativecommons.org/licenses/by/4.0/
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 Ornithology

A World on the Wing: the Global Odyssey of Migratory Birds
By Scott Weidensaul. 2021. W.W. Norton & Company. 385 pages, 37 illustrations, and 15 maps, 42.00 CAD, Cloth.

In early October 2021, we  
travelled to the heart of the  
Central Flyway in central  
Saskatchewan,  to spend a  
few days watching the an-
nual spectacle of hundreds 
of thousands of migrating 
geese, ducks, and cranes. At 
times the swirling cacopho-
ny almost overwhelmed the 
senses, but for many spe-
cies such seemingly large 
numbers are a fraction of 
what they used to be before market hunting, habitat 
destruction, and human-caused climate change. We 
wondered: Where are they coming from? Where are 
they going? How do they find their way? In A World 
on the Wing, Scott Weidensaul captures the stories of 
a few migrant species that help answer some of these 
questions. Weidensaul has a clear, engaging writing 
style, building stories from his experiences following 
researchers around the world. A World on the Wing is 
a collection of 10 chapters, sometimes focussing on 
single species, other times weaving a broader story 
about migration. 

In Chapter 1 (Spoonies) Weidensaul uses the pre-
carious existence of Spoon-billed Sandpiper (Calidris 
pygmaea) at stopover sites on the mudflats of China’s 
Yellow Sea to discuss broader issues that shorebirds 
face, not only on the East Asian–Australasian Flyway, 
but around the world: loss of shoreline and wetland 
habitat, loss of sediment from dams, illegal hunting. 
In Chapter 2 (Quantum Leap), Weidensaul highlights 
the extraordinary physiological abilities that enable 
birds to migrate over stunningly long distances, espe-
cially shorebirds. Many adaptations are variations on 
a “binge-bulk-and-shrink” strategy (p. 69) involving 
huge weight gains, followed by extreme atrophy of 
digestive organs that are not needed during days of 
nonstop flight. This is done twice annually for years 
or even decades, with no ill effects. Recent research 
into how birds navigate has uncovered quantum 
entanglement, which allows birds to sense magnetic 
fields through electrons in their eyes.

The proliferation of new technology and the min-
iaturization of electronics, which Weidensaul dis-
cusses in Chapter 3 (We Used to Think) and Chapter 4 
(Big Data, Big Trouble), have truly revolutionized the 
study of bird migration. Tracking technology is now 
showing that different populations of a species may 

have different migration routes and wintering areas, 
which is critical information for conservation. Dop-
pler radar forecasts could even be used to alert cities 
to turn off excess lights to reduce building strikes dur-
ing migration.

Weidensaul uses the plight of Kirtland’s War-
bler (Setophaga kirtlandii) in Chapter 5 (Hangover) 
to discuss carry-over effects, those consequences on 
the breeding grounds that are carried forward from 
the wintering area. One example is drought reducing 
food resources such that birds may delay departing 
or arrive in poor condition. Climate change (Chap-
ter 6, Tearing Up the Calendar) is already having 
big impacts on migratory birds, causing changes in 
precipitation, sea level rise, shifting wind patterns, 
increasing storm strength, loss of habitat, phenolog-
ical mismatch with food resources, and new diseases 
and parasites. Short-distance migrants may be more 
resilient and better positioned to alter their timing 
than long-distance migrants.

In Chapter 7 (Aguiluchos Redux) Weidensaul re-
lates the story of Swainson’s Hawk (Buteo swain-
soni), which faced precipitous population declines 
in the 1990s because they ingested pesticides along 
with their prey on their wintering grounds in Argentina 
(“Aquiluchos” is Spanish for harriers). The good news 
is that a quick campaign to switch to less-toxic chemi-
cals worked, and the hawk population rebounded. 

In Chapter 8 (Off the Shelf) Weidensaul switches 
to pelagic seabirds, discussing not only declining pop-
ulations and tracking of species that range around the 
globe, but also the conservation implications of tax-
onomic changes—a rare, cryptic species might need 
more protection than a more secure, widespread one. 
Is it a rare, cryptic species or a more secure, wide-
spread one?

Conflicts between bird conservation and tradi-
tional use are the focus of Chapter 9 (To Hide from 
God). For example, many species of songbirds are 
still slaughtered for food in the tens of millions, 
particularly along the shores of the Mediterranean 
where they are considered traditional delicacies. 
Weidensaul suggests that education of younger gen-
erations may reduce this practice. Chapter 10 (Eni-
num) also provides hope that conflicts between con-
servation and traditional practices can be reduced. 
The local people in northeastern India have stopped 
shooting Amur Falcons (Falco amurensis), con-
vinced that they can earn more money from tourists 
coming to see them in the hundreds of thousands at 
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Zoology

Bears: the Mighty Grizzlies of the West
By Julie Argyle. 2021. Gibbs Smith. 224 pages, 50.00 USD, Cloth.

Bears is a beautiful  
coffee table book that 
contains an impres-
sive 190 glossy, colour  
pictures of Grizzly Bears  
(Ursus arctos horribi- 
lis) from Yellowstone 
National Park. It is a  
large (26.0 × 2.4 × 30.6 
cm), heavy (4 pounds [just under 2 kg]) book that is 
meant to be gazed at in admiration. Bears gives us 
the pleasure of peeking into the detailed lives of these 
remarkable animals. Fans of Yellowstone, nature, 
bears, the western USA, national parks, and predators 
will enjoy reading about this iconic bruin, which is a 
symbol of wilderness and brute strength.

I have had the recent privilege of reading very per-
sonal accounts of Gray Wolves (Canis lupus) in Yel-
lowstone (e.g., Way 2019, 2020). This tome follows 
that trend for Brown Bears—as the species is offi-
cially referred to, with Grizzly Bear denoting the hor-
ribilis subspecies—in one of the world’s first national 
parks. This great bear can live up to 34 years in the 
wild (p. 45), and many have become local celebrities 
over the course of their lifetime. Each bear has a dis-
tinct personality and, as is the case with people, they 
have unique and distinguished identities (p. 123).  

Accordingly, many of the chapters in Bears focus 
on individuals, and show awe-inspiring images 
of them. We get to know Raspberry, 791, Snow, 
Snaggletooth, and The Obsidian Sow in full photo-
graphic detail. Raspberry is Argyle’s favourite and 
she dedicates the book to that ursid. The sow, born 
in 2007 (p. 125), still inhabits the northern shores of 
Yellowstone Lake. She has raised cubs in full view 
of people, including one called Snow. She—and 
other female bruins—often do that, people speculate, 
to avoid male bears, who stay away from the roads 
and people (p. 125). Male bears—also referred to 

as boars—sometimes kill cubs that aren’t theirs, so 
there is an acute reason for the females to circum-
vent them. I enjoyed reading Argyle’s personal sto-
ries of the bears, and seeing prints emanating from 
those accounts was really cool. For instance, watch-
ing Raspberry walking along the shore of Yellow-
stone Lake was amazing, especially because I have 
driven by there so many times (without seeing a bear 
on the shoreline). Seeing Snaggletooth’s genetic 
defect (pp. 190–191), the missing part of his mouth, 
was bizarre. Observing the large, 500-pound (227-
kg) boar 791 on a large bull Elk that he killed was 
awesome, especially because the incident made inter-
national news in 2020 (pp. 153–156). Lastly, gazing 
at the many images of the very adorable and light-
coloured female bear named Snow (pp. 163–189) was 
special, and tear-jerking for Argyle to watch as the 
adolescent transitioned to living on her own when 
Raspberry chased her away at 3.5 years of age.

In addition to focussing on individual bruins, 
Argyle discusses bear relationships with Native 
Americans. Many tribes view the grizzly as a sacred 
animal and consider them brothers (p. 17). They were 
offended by calls to have them hunted and shot as tro-
phies when they were removed from the list of species 
protected under the Endangered Species Act (ESA; p. 
21). Rather, they believe the grizzly is a great and 
powerful spirit who is a gift to Mother Earth and her 
people (p. 18). Some tribes even have a bear dance, 
which they believe brings the spirits of their ances-
tors back (p. 18).

Grizzly Bears have made a remarkable recov-
ery and are considered a success story (p. 30). Stable 
populations exist in the Greater Yellowstone Ecosys-
tem and around Glacier National Park. But there are 
still many factors that influence their survival, so it is 
fortunate that judges have kept Grizzly Bears on the 
ESA despite numerous attempts to remove them from 
being federally protected. A fraction of the original 50 

their stopover roosts. (“Eninum” is the local name 
for the falcon, meaning “two-love” because of how 
the birds perch together.)

Each chapter is supported by excellent maps of 
relevant migration routes. The 21-page References 
section includes not only references for works quoted 
or cited in each chapter (by page number) but also 
a select bibliography for each chapter. It would have 

been useful to have a list of common and scientific 
names of birds mentioned in the text.

It is obvious that Weidensaul holds great rever-
ence for the creatures written about, for their “endur-
ance and tenacity” (p. 347).

Cyndi M. Smith
Canmore, AB, 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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000 bears in the western USA still inhabit this coun-
try (p. 75), and being listed under the ESA currently 
prevents states from instituting hunting seasons on the 
great beasts. This has also allowed their population 
and range to continue to increase, albeit tenuously (pp. 
55–56). However, there are still long-term issues asso-
ciated with fluctuating and diminishing food sources, 
climate change, and the potentially harsh treatment of 
these bears by western states outside of national parks. 
The majority of bear deaths are human-caused (pp. 79, 
193), which means that we must remain vigilant to 
ensure their populations stay sustainable.

We learn in Bears that grizzlies are super-hiber-
nators, because their breathing slows down greatly 
and their heart rate drops significantly during their 
five month long fasting period where they do not eat, 
drink, defecate, or urinate (p. 91). Remarkably, cubs 
are born in the den in January to February, while the 
females are still sleeping (p. 93). This is an extraor-
dinary adaption to survive harsh winters. As food 
sources become available, grizzlies awaken in the 
spring with boars leaving first and females with cubs 
last (p. 93).

Bears: the Mighty Grizzlies of the West was very 
easy to read. There is not much text in this book. I 
started it on a Saturday afternoon and read over half 
of it within a couple of hours, then finished it the next 
morning in even less time. I didn’t mind how quick of 
a read it was, because the purpose of the book is to be 
a photo-essay of this powerful species. There are only 
minor typos in the book. One complaint I have is that 
there are no maps. Showing the current range of the 
Grizzly Bear in the USA would have been helpful to 

the average reader. The bears were historically found 
throughout the western USA, but most bears cur-
rently live in a couple of large, core populations sit-
uated within Glacier, Yellowstone, and Grand Teton 
National Parks, with isolated and much smaller num-
bers outside of those protected areas. Framing where 
the author took the pictures compared to the species’ 
overall range would have been insightful. Also, the 
book was relatively pricey, at $50 USD. However, 
this price might be expected given the book’s large 
dimensions, length (over 200 pages), and paper qual-
ity, using 100% glossy paper for all sheets.

Overall, I greatly enjoyed the book. It was well 
worth my time. Then again, it is difficult for me to not 
like something that is Yellowstone-based, especially 
when it involves animals, and specifically a large pow-
erful predator like the Grizzly Bear. I will continue to 
follow Argyle’s work, which can be found on social 
media and through her photography business (Wild 
Love Images), as well as in published materials.
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The Redemption of Wolf 302: from Renegade to Yellowstone Alpha Male
By Rick McIntyre. 2021. Greystone Books. 290 pages, 34.95 CAD, 26.95 USD, Cloth.

The Redemption of Wolf 
302, the third book in Rick 
McIntyre’s Alpha Wolves 
of Yellowstone series, picks 
up where The Reign of 
Wolf 21 (2020, Greystone 
Books) left off (Way 2020). 
It is another fascinating and 
epic read by McIntyre that 
will enthrall fans of nature, 
wolves and carnivores, wild
life, and national parks, espe-
cially Yellowstone. Wildlife 
biologists, teachers, and other professionals will be 
inspired by the unprecedented first-hand information 
provided on a wild species which, I hope, will help 
readers see wolves as the clever (p. 45), humorous (pp. 
46–47), sentient (pp. 170, 237, and throughout book), 
intelligent (e.g., pp. 173, 226), playful (e.g., pp. 212–
213), and ecologically important beings that they are. 
These attributes contrast with the way they are treated 
with the long hunting seasons that they experience in 
the Rocky Mountain states surrounding Yellowstone.

This book transitions smoothly from the second 
book, with introductory pages that enable the reader 
to recall what happened in McIntyre’s previous vol-
umes, sort of like a two-minute recap before a televi-
sion series starts a new season. It also allows one to 
read this edition without reading the previous books 
in the series. The introduction includes two, two-
page maps of the main wolves studied in the park 
from 2004 to 2009, the timeframe of this tome, as 
well as where those packs lived. There is also a four-
page section, Principal Wolves, which nicely summa-
rizes the positions of the wolves in their respective 
packs. Lastly, there is a nice three-page summary that 
describes previous events in Yellowstone, as well as 
a bit of McIntyre’s background to put everything in 
context for this current book. 

The Redemption of Wolf 302 is organized by year 
into six parts, making it easy to keep track of where 
you are during the ongoing saga of the park wolves. 
It can be overwhelming to keep track of the different 
wolves at times, but McIntyre does a very formidable 
job of making it manageable to digest without leaving 
out too many details. In fact, it was like reading about 
a real-life television soap opera (p. 214). I personally 
liked the way McIntyre described individual wolves 
such as 642, 693, 527, 569, Light Gray, Dark Gray, 
Big Blaze, Medium Gray, Small Blaze, Big Brown, 
and, of course, 302. These descriptions revealed their 
unique and distinct personalities.

At the end of The Reign of Wolf 21, the world-
famous breeding male of the Druid pack, 21 had just 
passed away in mid-summer 2004 following the loss 
of his long-time mate, 42, earlier that year. In the 
beginning of The Redemption of Wolf 302, we find 
302 and a younger black male nephew of his, 480, try-
ing to join the Druid Peak wolf pack during summer 
2004. It took 302 and 480 a few months to integrate 
into the pack because one of 21’s sons (253) claimed 
the dominant role in the pack until he left at the end of 
the summer, likely because he was too related to the 
females in that group (see Chapters 1 and 2). McIntyre 
provides amazing levels of detail throughout this very 
easy to read tome. His direct observations of the 
park’s wolves, including of 302’s and 480’s interac-
tion in the Druid pack, make McIntyre’s book series 
unprecedented. 480, despite his youth, was much 
more aggressive and took over the alpha male role in 
the pack. Unlike his nephew, 302 would often run and 
avoid confrontations with rival wolves (e.g., p. 26). 
In fact, before the two males were accepted into the 
pack, 302—to avoid getting attacked himself—once 
even ganged up on 480 with the Druids and bit him 
during a fight (pp. 5–6). 480 was a yearling when he 
became an alpha, yet he held the dominant position in 
the formidable Druid pack until the end of the book in 
October 2009. However, the stress of leading a pack 
wore on 480. He had to constantly deal with the antics 
of 302 trying to mate females in his pack, as well as in 
outside packs (p. 163), and the competition for terri-
tory with rival wolves, most notably the Slough Creek 
pack to their west. His black pelage started to turn 
grey before the age of two, and McIntyre wondered 
if this anxiety caused him to prematurely age (p. 37)!

We see that Wolf 480 ruled the pack in a benev-
olent way like Wolves 8 (Way 2019) and 21 (Way 
2020) did before him; he didn’t kill rival wolves and 
let them go unharmed during pack interactions (pp. 
3–4, 14, 22–23, 143). The only exception was for 
packs, like the Slough Creeks, that previously killed 
one of their own (e.g., pp. 144–147, 195–196). His 
benevolence was a consistent theme throughout the 
book, even when he fought the rival Mollie’s wolves 
in “The Battle of Mount Norris” (pp. 115–119). Dur-
ing that interaction, 480 defeated the larger pack 
with just pups of the year helping him. He repeatedly 
charged at the opposition, knocked them down, then 
ran after other individuals, ultimately driving off Mol-
lie’s wolves. 

Wolf 302’s behaviour was less predictable. Mc
Intyre watched 302, resting about a mile away near 
an old Moose carcass during The Battle of Mount 
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Norris.  He was befuddled that an adult male wolf 
would choose to ignore the calls of an invading pack 
and spend the day napping (p. 118). In addition to this 
event, McIntyre also watched as 302 received regur-
gitations from pups (pp. 112–113) to avoid approach-
ing bull Elk carcasses, which he was clearly scared of. 
McIntyre deemed him a lost cause and never thought 
he would be able to lead a pack of his own (p. 118). 
In the second half of the book, however, 302 started 
to prove his worth which impressed McIntyre and 
caused the author to reconsider the “most unorthodox 
wolf I had ever known” (p. 147). He started to provide 
for his pack by helping kill Elk, a main food source 
(pp. 142, 163–164). Then he became an active partic-
ipant to force the Slough wolf pack out of their Lamar 
Valley territory (p. 147). Around that time in Decem-
ber 2007, 302 became the most famous wolf in the 
world when a major television documentary, In the 
Valley of Wolves, premiered (p. 151). That documen-
tary, and successive ones (e.g., p. 152), featured him. 
Many people, including politicians, came to the park 
to see 302 (e.g., p. 152). 302 by that point was even 
chasing out the single males Light Gray and Dark 
Gray, which were attempting to breed females in the 
Druid pack (pp. 153–154). It is ironic that this sort 
of behaviour made 302 famous, given that he did the 
same thing throughout 21’s reign, causing 21 to chase 
him out of Druid territory many times (Way 2020). 
During the 2008 denning season, as throngs of wolf 
watchers visited the park, 302 could be seen regur-
gitating food for breeding females (p. 173) and let-
ting them have priority at carcasses (p. 176), steal-
ing Elk calves from Grizzly Bears (p. 177), helping 
pups cross roads and rivers (pp. 188–189), protecting 
pups from Grizzly Bears (pp. 192–193), and feeding 
pups (p. 192).

By late fall 2008, 302 started his own pack, 
dubbed the Blacktails, with some yearling males from 
the Druid pack and some females from the nearby 
Agate pack (p. 201). This area was where 302 was 
born 8.5 years previously so his story had come 
full circle. We learn how 302 took care of pregnant 
females (p. 217) and his pack’s six pups in 2009 (p. 
223). He was like a benevolent patriarch (p. 225); 
despite 302 being the father of some of the pups (p. 
212), he took almost a grandfatherly role of babysit-
ting (p. 227) while younger wolves went out hunting. 
In fall 2009, the Blacktails expanded their range to 

find vulnerable prey. They soon encountered a pack 
to their west and, after all of 302’s adventures with 
rival wolves in his 9.5 year life, he was fatally injured 
(p. 237). This was a very sad moment for all who 
knew him during his long tenure in Yellowstone (p. 
241). McIntyre believed that so many people loved 
302 because he was relatable—he was an imper-
fect, flawed individual which turned his life around 
(p. 242). In fact, fighting the rival pack during his 
last moments of his life probably saved his sons and 
daughters; to McIntyre, there was no greater accom-
plishment than this, placing him in the pantheon of 
great alpha wolves even if it took him a long time to 
get there (p. 244).

I continue to be enthralled with Rick McIntyre’s 
Alpha Wolves of Yellowstone book series which, to 
date, has covered the first 15 years of wolves in Yel-
lowstone: 1995–2009. The books are riveting and 
easy to follow. The only complaint I have, which is 
a very minor one, is that there are sometimes abrupt 
transitions that bring one paragraph into a totally dif-
ferent scene than a previous one. This seems to occur 
because McIntyre wants to include important observa-
tions from his detailed notes, while also maintaining 
a chronological organization. I don’t disagree. Once 
one accepts these seemingly non-sequitur moments 
(e.g., on p. 174 we go from heart touching moments 
about a mother wolf interacting with her pup, to an 
Osprey and Bald Eagle confrontation, to a Grizzly 
Bear approaching wolves), the book is an absolute 
joy to read. In the Epilogue (p. 245), we are set up 
with the fourth installation of the series with the ‘06 
Female’, a master hunter (p. 211) and alpha of alpha 
female wolves. I surmise that next book will pick up 
in 2009 when this one leaves off. I can’t wait for it!
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Please note: All books listed are available for review at the time of this publication. Please contact William 
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Botany
A Generic Classification of the Thelypteridaceae. 
By Susan Fawcett and Alan R. Smith. 2021. BRIT 
Press. 112 pages, 25.00 USD, Paper.
A Guide to the Flora of the Sierra de San Pedro 
Mártir. By Alan Harper, Sula Vanderplank, and Jon 
Rebman. 2021. BRIT Press. 320 pages, 35.00 USD, 
Paper.
The Hidden Kingdom of Fungi: Exploring the Mi-
croscopic World in Our Forest, Homes, and Bod-
ies. By Keith Seifert. 2022. Greystone Books. 288 
pages, 34.95 CAD, Hardcover.
Lichen Field Guide for Oklahoma and Surround-
ing States. By Shelia A. Strawn. 2021. BRIT Press. 
131 pages, 30.00 USD, Paper.
Mistletoes of the Continental United States. By 
Robert L. Mathiasen. 2021. BRIT Press. 220 pages, 
25.00 USD, Paper.
A Systematic Vademecum to the Vascular Plants of 
Saba. By Franklin S. Axelrod. 2021. BRIT Press. 122 
pages, 25.00 USD, Paper.

Conservation and Climate Change
The Carbon Footprint of Everything. By Mike 
Berners-Lee. 2022. Greystone Books. 312 pages, 
24.95 CAD, Paper.
The Declaration of Interdependence: a Pledge to 
Planet Earth. Special 30th Anniversary Edition. 
By Tara Cullis and David Suzuki. 2022. Greystone 
Books. 80 pages, 20.00 CAD, Hardcover.
Tree Thieves: Crime and Survival in North Amer-
ica’s Woods. By Lyndsie Bourgon. 2022. Greystone 
Books. 304 pages, 36.95 CAD, Hardcover.
A Trillion Trees: Restoring Our Forests by Trust-
ing in Nature. By Fred Pearce. 2022. Greystone 
Books. 344 pages, 36.95 CAD, Hardcover.

Entomology
Ants: the Ultimate Social Insects. By Richard Jones. 
2022. Bloomsbury Wildlife. 368 pages, 61.00 CAD, 
Hardcover.

Ornithology

RSPB Spotlight: Eagles. By Mike Unwin. 2022. 
Bloomsbury Wildlife. 128 pages, 25.00 CAD, Paper.

Zoology

The Hair Scale Identification Guide to Terrestrial 
Carnivores of Canada. By Justin Kestler. 2022. Pe-
lagic Publishing. 128 pages, 30.00 GBP, Paper.

Other

Best Hikes and Nature Walks With Kids In and 
Around Southwestern British Columbia. By Ste-
phen Hui. 2022. Greystone Books. 248 pages, 24.95 
CAD, Paper.

Forest Walking: Discovering the Trees and Wood-
lands of North America. By Peter Wohlleben and 
Jane Billinghurst. 2022. Greystone Books. 240 pages, 
24.95 CAD, Paper.

The Hiking Book from Hell. By Are Kalvø. 2022. 
Greystone Books. 328 pages, 24.95 CAD, Paper.

How to Catch a Mole: Wisdom from a Life Lived 
in Nature. By Marc Hamer. 2022. Greystone Books. 
208 pages, 22.95 CAD, Paper.

An Illustrated Coastal Year: the Seashore Un-
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Bloomsbury Wildlife. 192 pages, 40.00 CAD, Hard-
cover.

Mary Strong Clemens, a Botanical Pilgrimage: 
Her Glorious Mission from here to the Outback 
via Southeast Asia. By Nelda B. Ikenberry. 2021. 
BRIT Press. 462 pages, 45.00 USD, Paper.

In Praise of Paths: Walking Through Time and 
Nature. By Torbjørn Ekelund. 2022. Greystone 
Books. 240 pages, 22.95 CAD, Paper.

Reading the Water: Fly Fishing, Fatherhood, and 
Finding Strength in Nature. By Mark Hume. 2022. 
Greystone Books. 288 pages, 34.95 CAD, Hardcover.

Urban Wild: 52 Ways to Find Wilderness on Your 
Doorstep. By Helen Rook. 2022. Bloomsbury Wild-
life. 224 pages, 38.00 CAD, Hardcover.
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News and Comment
Compiled by Amanda E. Martin

Upcoming Meetings and Workshops
Society for Integrative & Comparative Biology Annual Meeting
The annual meeting of the Society for Integrative & 
Comparative Biology to be held 3–7 January 2022 at 
the Phoenix Convention Center, Phoenix, Arizona. 
SICB+ to be held 14–31 January 2022 as an online 

meeting. Registration is currently open. More infor-
mation is available at http://burkclients.com/sicb/
meetings/2022/site/.

Stewardship Network Conference
The Stewardship Network Conference to be held as 
an online meeting 26–28 January 2022. Registration 

is currently open. More information is available at 
https://conference.stewardshipnetwork.org/.

Society for Range Management Meeting
The 75th annual meeting of the Society for Range 
Management to be held 6–10 February 2022 at the 
Albuquerque Convention Center, Albuquerque, New 
Mexico. The theme of the conference is: ‘Sustainabil-

ity through Culture and Innovation’. Registration is 
currently open. More information is available at http:// 
annualmeeting.rangelands.org/.

Forests Ontario Annual Conference
The annual conference of Forests Ontario to be 
held as an online meeting 9–11 February 2022. The 
theme of the conference is: ‘Strength in Biodiver-

sity’. Registration is currently open. More informa-
tion is available at https://forestsontario.ca/en/event/
annual-conference.

Midwest Fish & Wildlife Conference
The 82nd Midwest Fish & Wildlife Conference 
to be held 13–16 February 2022 as a hybrid event, 
with online content and an in-person meeting in Des 
Moines, Iowa. The theme of the conference is: ‘Fish 

& Wildlife Stewardship in Working Landscapes’. 
Registration is currently open. More information is 
available at https://www.midwestfw.org/.

Wetland Science Conference
The Wetland Science Conference to be held 15–17 
February 2022 as a hybrid event, with online content 
and an in-person meeting at the Holiday Inn Hotel & 
Convention Center, Stevens Point, Wisconsin. Reg-

istration is currently open. More information is avail-
able at https://conference.wisconsinwetlands.org/
announcing-the-2022-wetland-science-conference/.

Entomological Society of America, Eastern Branch Meeting
The annual Eastern Branch Meeting of the Entomo-
logical Society of America to be held 19–21 Febru-
ary 2022 at the Bellevue Hotel, Philadelphia, Penn-
sylvania. The theme of the meeting is: ‘Contribute/

Collaborate/Connect’. Registration is currently open. 
More information is available at https://www.entsoc.
org/eastern/branch-meeting.
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CCFFR-SCL 2022
CCFFR-SCL 2022, the Canadian Conference for 
Fisheries Research, to be held 24–27 February 2022 
at the JW Marriott Parq Hotel, Vancouver, British 
Columbia. The theme of the conference is: ‘Aquatic 

Systems Stewardship: Crisis, Change, and Coopera-
tion’. Registration is currently open. More informa-
tion is available at https://ccffr-scl2022.acadiau.ca/
home.html.
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