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Abstract The term ‘field propagation and release’ refers to
the breeding of captive adults in large field enclosures,
allowing them to raise their young, and then releasing
those young from that location. This technique is currently
being implemented in Canada as one of several recovery
tools for the endangered eastern loggerhead shrike Lanius
ludovicianus migrans. During 2001–2007 a total of 360
shrike fledglings were produced in field propagation enclo-
sures and 301 were released from these enclosures. Annual
return rates of birds released since 2004 are 2–6.6%.
Seventeen released birds have been re-sighted, including
10 birds that have returned to the breeding grounds the
following season to produce young with wild mates. The
high annual return rate of release birds and the successful
integration of these birds into the wild breeding population
represent important milestones for the recovery of this
population. The management technique we describe here
has the potential to be applicable to other species that
require natural habitat for breeding and/or are reliant on
a suite of parent-learned behaviours that cannot be accom-
modated for or adequately replicated within intensive close
captive-breeding or hand-rearing conditions.
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Introduction

Passeriformes is the most under-represented Order in
avian reintroduction programmes, with . 600 threat-

ened species and , 35 projects worldwide (Seddon et al.,
2005). Conservation breeding and release of threatened
passerines is well documented on islands (Watson et al.,
1992; Rocamora et al., 2003; Tweed et al., 2003; Munkwitz
et al., 2005; Taylor et al., 2005; Garrett et al., 2007; Leech
et al., 2007) but little information is available regarding

their mainland migratory counterparts. As more migratory
passerines decline (Hussell, 1992; Lloyd-Evans & Atwood,
2004; Fuller et al., 2005) specialized techniques will be
needed to recover these populations.

The loggerhead shrike Lanius ludovicianus is a medium-
sized (45 g) raptor-like passerine occurring throughout North
America. There are 11 recognized subspecies, four of
which are migratory (Pruitt, 2000). The eastern subspecies
L. ludovicianus migrans is listed as endangered in Canada
(COSEWIC, 2004), with 31 known breeding pairs in Canada
in 2008 (De Smet, pers. comm.; Wildlife Preservation
Canada, unpubl. data).

In 1997 the wild population in Canada had decreased to
18 known pairs. Forty-three nestlings were collected from
wild nests in Ontario to found a captive population. Within
4 years the captive population had increased to c. 100 birds
and a trial field propagation and release programme was
initiated. The term ‘field propagation and release’ refers to
the breeding of captive adults in large field enclosures,
allowing them to raise their own young, and subsequently
releasing those young to the wild from the same location.
Ideally, the enclosures are placed within the natural hab-
itat of the species’ breeding range. This parent-rearing
management technique was specifically developed to ac-
commodate natural behaviours of shrikes and to address
challenges that can often arise in intensive breeding
facilities and/or hand-rearing conditions, such as imprint-
ing, behaviour modification, low productivity and low
survival (Wildlife Preservation Canada, unpubl. data).

Reasons for the decline of L. ludovicianus migrans remain
unclear but the main factors may be habitat fragmentation,
pesticides, predation, adverse weather events, and mortality
along roads (Pruitt, 2000; Environment Canada, 2006).
Habitat destruction/alteration and pesticide use have been
strongly implicated in population declines in both the USA
and Canada (Cadman, 1985; Telfer, 1992; Yosef, 1996). For
L. ludovicianus migrans the considerable amount of un-
occupied breeding habitat (Chabot, 2001b; Jobin et al.,
2005) and high fledging success of pairs on the breeding
grounds (Chabot, 2001a) suggest that main causes for
decline may not be occurring in the breeding range (Pruitt,
2000). Brooks & Temple (1990) concluded that low over-
winter survival was the main factor in the sharp declines in
populations of shrikes in Minnesota, and this is also
suspected to be the case for L. ludovicianus migrans in
Canada (Pruitt, 2000).
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Research is underway to document the causes of the
decline of this population (Cadman, 1985; Environment
Canada, 2006), including ongoing studies to determine
wintering areas and migratory routes (Chabot, 2006;
Wildlife Preservation Canada, unpubl. data). Ultimately,
determining the agents of decline and then halting them is
the main goal of the recovery of L. ludovicianus migrans. In
the interim, field propagation and release has been an
effective method for maintaining the remnant breeding
population until the causes of decline can be identified and
reversed in the wild. Once limiting factors have been
determined and mitigated, field propagation and release
will be a useful tool for increasing the wild population to
a self-sustaining level. This minimum viable population
size is currently being researched using population viability
analysis (Environment Canada, unpubl. data).

Study area

The programme is releasing parent-reared young at two
locations in southern Ontario, Canada: Dyer’s Bay, where
shrikes have been extirpated within the past 5–7 years, and
Carden Alvar, where there is a small breeding wild
population of c. 10–14 pairs (Wildlife Preservation Canada,
unpubl. data; Fig. 1). Sites were selected in short grassland
habitat within the historical range of L. ludovicianus
migrans in areas where breeding pairs either exist or had
only recently been locally extirpated, in accordance with the
IUCN Guidelines for Re-Introductions (IUCN, 1998). The
suitability of the local habitat was assessed in both sites and
surrounding areas prior to establishment of the enclosures.

Methods

Field enclosures

The programme started with three field propagation and
release enclosures in the Smiths Falls area and has since

expanded substantially to 26 enclosures: 14 at Carden and 12

at Dyer’s Bay. All enclosures consist of either two or three
units made of individual pre-constructed panels that are
easily transported to the field site and then bolted together.
Enclosures were built around live hawthorn (Crataegus
sp.), buckthorn (Rhamnus sp.) or apple (Malus sp.) trees to
provide nesting cover and thorns for the shrikes to impale
their prey as they would in the wild. Each unit was
furnished with perching, impaling branches, nesting mate-
rial, nest cups and branching for cover to facilitate pair
bonding and breeding.

Management of breeding pairs

From late April to September selected pairs were relocated
from the programme’s overwintering facilities at the
Toronto Zoo, Ingersoll, and the Avian Science and Con-
servation Centre at McGill University to the field propa-
gation enclosures. Studbook data were maintained by
Canadian Association of Zoos and Aquariums and ana-
lysed using the Single Population Analysis and Records
Keeping System provided by the International Species
Information System (Carnio, 2007). During 2001–2004

maximizing genetic diversity formed the basis for choosing
birds for pairing, and during 2005–2007 breeding history
and experience were also considered.

A guideline for management of captive populations and
Species Survival Plan captive breeding is to maintain 90%
of the genetic diversity for more than 200 years (Foose
et al., 1986; Soulé et al., 1986). At present the captive pop-
ulation is retaining 97.1% of the genetic diversity of the
original wild founders (Carnio, 2007). Offspring from pairs
considered of highest genetic priority to the captive pop-
ulation are retained as breeding stock, whereas young from
low-genetic priority pairs are candidates for release.

Females and males were initially placed in different units
of the same enclosure and separated by a door of wire mesh

FIG. 1 Canada, showing the historical
breeding range of eastern loggerhead
shrikes Lanius ludovicianus migrans
(within dotted line), locations of the field
propagation and release sites (Carden,
Dyer’s Bay and Smiths Falls), the
overwintering facilities (Toronto Zoo and
Ingersoll) and the remaining wild
populations (Napanee and Carden).
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to avoid any potential aggressive interactions. Once a pair
was observed courtship-feeding or exhibiting other signs of
courtship, the doors were opened and both birds were
allowed access to the full enclosure. Birds were provided
with food (crickets, meal-worms and mice) in large feeding
corrals, and water twice daily. Feeding amounts varied
depending on stage of breeding, age and number of birds in
the enclosure (WPC, 2007a). Detailed observations of at
least 20 minutes, 1–2 times per day, were made of each pair
from their arrival at the field site throughout the breeding
season to ensure the adults were caring for their young. All
disturbance to the pairs and their offspring was kept to an
absolute minimum.

Management of fledglings and release birds

Once young fledged their development was monitored
daily to ensure that they were being fed and taught to hunt
by their parents. Fledglings were separated from their
parents when 37–49 days old, the approximate age at which
they become independent of parental care in the wild
(Pruitt, 2000; Chabot, 2001a). Once the young were seen to
feed on their own they were moved to a predetermined
release enclosure where they were grouped with other
release candidates of approximately the same age. On the
day of transfer to a release enclosure fledglings were banded
and morphometric data collected following established
protocols (WPC, 2007b).

Pre-release

After banding, fledglings from different broods were placed
in the same enclosure but separated within units for 1–2

days for acclimation. After this all young had access to the
full enclosure and were subsequently released in groups of
6–12. Releasing young in large groups of mixed broods
approximated wild behaviour whereby young from differ-
ent nests travel together post-fledging (C. Grooms, pers.
comm.).

Release birds were kept within the release enclosures for
7–10 days for pre-release training. On each of these days
training consisted of placing meal-worms on a shelf just
inside the release doors at the time of day they would
eventually be released. This encouraged shrikes to feed near
the release doors. Pre-release training also included the
provision of live mice. Thus the fledglings developed strong
hunting skills and the ability to kill and impale live
vertebrate prey. Daily observations ensured that all young
were feeding on their own prior to release.

Release

Healthy young were released at 44–66 days of age. Field
propagation enclosures were transformed into release

enclosures prior to receiving any young by placing shelves
under the inside and outside of the release door and by
adding branches to the outside of the enclosure to provide
perching sites near the release door.

Releases began 2–4 hours before dusk. Bowls containing
meal-worms were placed on the outside shelf, food was
placed in outdoor feeding corrals and the release door was
opened. Observers watched the release door from a hidden
observation point at least 60 m away and recorded detailed
behavioural notes during the release.

The full diet was placed in the outside corrals for at least
1 week post-release, continuing with both morning and
afternoon feeds. After this, the amount of supplemental
food was gradually decreased according to how many
shrikes were still in the area. Staff and volunteers monitored
the release site and surrounding area daily until the last bird
had left the release site.

Results

A total of 360 fledglings were produced in the field
propagation and release programme during 2001–2007.
The number of young produced annually increased as the
programme expanded, from 10 young produced from three
pairs in 2001 to 111 young produced from 23 pairs in 2007

(Table 1). Since 2001, 38 young have been retained to
augment the captive population, six were not released
because of injuries and 16 died soon after fledging (Table 1).

The number of pairs to double-brood successfully has
also increased since 2001 (Table 2), resulting in an increased
number of young produced per breeding pair per season,
from 3.3 fledglings per breeding pair in 2001 to 7.4 fledglings
per breeding pair in 2006 (Table 2). Mean number of
nestlings and fledglings produced was highest in 2006.
Financial constraints in the 2007 season led to management
having to prevent double-brooding in eight of the 23 pairs.

A total of 301 young shrikes have been released in
Ontario since 2001. The number of young released each
season increased substantially from 10 in 2001 to 111 in 2006

and 91 in 2007, with more fledglings released in 2006 than
all previous years combined (Table 1). All the released
fledglings were parent-reared at the field sites and released
from the location where they were raised.

There have been 17 separate confirmed sightings of
released birds. Three lone birds were sighted during
migration and 14 returned to the breeding grounds in
Ontario. Ten of these birds (seven females and three males)
have integrated with the wild population at Carden and
successfully produced wild fledglings. A female released in
Dyer’s Bay in 2004 paired with a wild male in 2005 and
successfully fledged six young, producing one of the largest
wild broods of the season (Wildlife Preservation Canada,
unpubl. data). A female released in 2005 nested with a wild
male in 2006 and was later observed feeding three
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fledglings. Two male birds released in 2006 paired with wild
females in 2007 and together produced a minimum of
seven fledglings. In 2008, six release birds (one male and
five females) returned to pair with wild counterparts and in
total produced at least 18 young. Two of these females had
been released in Carden in 2006 and were siblings from the
same brood. The other four birds were released (two at
Carden and two at Dyer’s Bay) in 2007.

The overall return rate of release birds from 2001 to 2007

was 4.6% (Table 3). Since 2004 the annual return rates
of juveniles released the previous season were 2–6.6%
(Table 3).

Discussion

The number of fledglings produced increased substantially
each year, with the exception of the 2003 season. Pro-
ductivity of shrikes housed in our field propagation
enclosures was slightly better than that achieved by wild
shrike populations in the adjacent area (Wildlife Preserva-
tion Canada, unpubl. data). This suggests that the environ-
ment of our field propagation enclosures approximates

conditions conducive to shrike reproduction in nature and
is relatively stress free, with the added benefit of predator
exclusion and plentiful food supply. This increased pro-
ductivity may have resulted from the implementation of
several adaptive management techniques, which included
an increase in enclosure height by 0.65 m, aggregating
enclosures to stimulate breeding, improving overwintering
conditions and expanding genetic pairing specifications to
include breeding experience and history (Wildlife Preser-
vation Canada, unpubl. data).

Low productivity in 2003 was probably due to a combi-
nation of late timing (pairing occurred in early to mid June)
and the stress of repeated handling associated with West
Nile Virus inoculation and testing that season. In the
following seasons field propagation pairing was begun in
the first week of May, which more closely approximates
when breeding begins in wild shrikes. In 2008 West Nile
Virus inoculations were carried out prior to the breeding
season and did not affect breeding.

Release techniques for the eastern loggerhead shrike
were modified from successful earlier reintroduction proj-
ects such as those for the Mauritius pink pigeon Columba

TABLE 2 Number of field-propagated pairs of eastern loggerhead shrikes in Ontario (Fig. 1) to double-brood successfully and mean
number of nestlings and fledglings produced per breeding pair during 2001–2007.

Year No. of pairs

No. of pairs to
double-brood
successfully

Mean no. of
nestlings produced
per breeding pair – SD
(range, n)1

Mean no. of fledglings
produced per breeding
pair – SD (range, n)

2001 3 0 3.7 – 0.6 (3–4, 3) 3.3 – 1.2 (3–4, 3)
2002 5 1 5.3 – 1.3 (4–7, 4) 5.0 – 1.4 (4–7, 4)
2003 20 0 1.3 – 0.6 (1–2, 3) 1.3 – 0.6 (1–2, 3)
2004 20 2 4.1 – 1.4 (2–6, 9) 3.7 – 1.9 (0–6, 9)
2005 20 5 6.2 – 1.9 (4–9, 9) 6.0 – 2.6 (4–9, 9)
2006 24 10 7.6 – 2.6 (3–11, 17) 7.4 – 2.7 (3–11, 17)
20072 23 8 6.5 – 2.4 (2–11, 19) 5.8 – 2.2 (2–10, 19)

1Includes second nesting
2Because of financial constraints, breeding in 2007 was limited in eight of the 23 pairs to a single clutch, although all pairs began building second nests

TABLE 1 Number of eastern loggerhead shrike Lanius ludovicianus migrans fledglings produced and released at the field propagation
sites in Ontario (Fig. 1) during 2001–2007.

Year

No. of pairs
(% of pairs to
fledge young)

Total no. of
fledglings
produced

No. of
fledglings retained
to augment captive
population

No. of fledglings

No. of young
released

Injured
(not released)

Died post-
fledging

2001 3 (100) 10 0 0 0 10
2002 5 (100) 19 2 2 1 14
2003 20 (15) 4 4 0 0 0
2004 20 (45) 34 8 0 0 26
2005 20 (45) 53 2 2 0 49
2006 24 (71) 129 16 1 1 111
2007 23 (83) 111 6 0 14 91
Total 360 38 5 16 301
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mayeri and echo parakeet Psittacula echo (Jones et al., 1992;
Woolaver et al., 2000). As a so-called soft or delayed
release, it was critical that the release birds were provided
with a recognizable food source whilst they learnt to rely on
wild food. Similarly, supplemental feeding was a critical
component of the San Clemente loggerhead shrike Lanius
ludovicianus mearnsi reintroduction and was particularly
important during the first week post-release (D. Brubaker,
pers. comm.). It was also important that the enclosure
remained a safe location and shrikes were never forced to
leave the enclosure during the release.

Because documented return rates of wild juvenile logger-
head shrikes are 0.8–1.2% (Haas, 1995; Collister & De Smet,
1997) sightings of returning birds were not expected until at
least 100 birds had been released (1% return rate). Thus, it
was not unexpected that we began to see returning birds in
spring 2005, when slightly more than 100 juveniles had been
released. Since 2004 annual return rates of release birds have
been 2–6.6%, higher than juvenile return rates noted in wild
migratory loggerhead shrike populations. In south-eastern
Alberta and south-western Manitoba return rates of wild
juvenile shrikes in the year following banding were 1.2 and
0.85%, respectively (Collister & De Smet, 1997). A 1% return
rate was recorded in Indiana (Burton, 1990), 1.1% in Missouri
(Kridelbaugh, 1983) and 0.8% in North Dakota (Haas, 1995),
and Brooks & Temple (1990) recorded no returns from 196

nestlings banded in Minnesota. The average annual return
rate of our release birds (4.6%) is thus four times higher than
return rates for other wild juvenile migratory shrikes.

In 2008, 31 wild pairs were observed nesting in Canada.
In the Carden area six of the 16 pairs consisted of a re-
lease bird paired with a wild bird, accounting for c. 40% of
the pairings in that area and c. 20% of all known pairs in
the country. This is a substantial contribution by field-
propagated individuals to the wild population in Canada.

Nearly all passerine releases have been carried out on
islands, where only a relatively small number (, 50) of
release individuals are needed to colonize or recolonize the
release area (Tweed et al., 2003; Taylor et al., 2005; Jamieson

et al., 2007; Leech et al., 2007). In these situations the
survival and productivity of release birds have been
significantly enhanced by provisioning them with supple-
mental food at the release site for long periods of time
(including during the breeding season), predator control
or eradication, and post-release monitoring and radio-
tracking (Wanless et al., 2002; Heath et al., 2008). For
migratory species these types of management techniques
are either extremely difficult to implement or may not be
logistically feasible. In our study release birds tended to stay
around the release area for a few days to several weeks,
where they had access to supplemental food. However, the
birds had no direct support once they left the immediate
area. Post-release monitoring occurred via observations
and, more recently, through radio-telemetry. Preliminary
telemetry research in the Carden area in 2007 found that
survival from release to the onset of migration (6–8 weeks)
was 76.5% (J.F. Crowley, A.M. Argue, T.I. Imlay, B.J.M.
Stutchbury, J.C. Steiner & D.R. Norris, unpubl. data),
similar to the post-release survival rates noted for passerine
reintroductions on islands of 63–100% (Tweed et al., 2003;
Leech et al., 2007). These rates are high relative to post-
fledging survival rates reported in wild passerine popula-
tions (53%, Naef-Daenzer et al., 2001; 56–63%, Wells et al.,
2007; 16%, Adams et al., 2006; 33%, Berkeley et al., 2007)
and suggest that the fitness level of field-propagated young
is satisfactory. By not releasing young until 43+ days old we
are maximizing their protection, and hence survival, during
the early post-fledgling period when wild shrike mortality
is 33–53% (Burton, 1990; Collister, 1994).

Successful release of migratory passerines carries the
significant additional challenge posed by extremely high
first-year mortality during migration and overwintering.
Band returns suggest that only 10–20% of wild hatch-year
passerines survive migration and return to their natal area
to breed (J. McCracken, Bird Studies Canada, pers. comm.;
E. Morton, Smithsonian Migratory Bird Center, pers.
comm.). To counter this high mortality our project aims
to release substantial numbers of birds (. 100 per year).
Number released is a significant predictor of successful
population re-establishment (Beck et al., 1994; Wolf et al.,
1996; Green, 1997). Releases of the migratory peregrine
falcon Falco peregrinus (anatum race) were carried out in
Canada in large numbers (100s per year for . 20 years)
and, coupled with banning the use of DDT, resulted in
successful population increase and down-listing of the
species (Holroyd & Banasch, 1990; COSEWIC, 2007).

The high return rate of our release birds compared to
wild migratory juveniles and the successful integration of
release birds within the wild breeding population are
important for the recovery of this population. The man-
agement technique we describe could also be used for other
similarly endangered migratory passerines and may be
applicable to other taxa that require natural habitat for

TABLE 3 Annual return rates of fledgling eastern loggerhead
shrikes released to the wild in Ontario (Fig. 1) during 2001–2007.

Year
No.
released

No. returned
in subsequent
breeding seasons

Annual
return
rate (%)

2001 10 0 0
2002 14 0 0
2003 0 0 0
2004 26 1 3.8
2005 49 1 2.0
2006 111 6 5.4
2007 91 6 6.6
Total/Mean 301 14 4.6
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breeding and/or are reliant on a suite of parent-learned
behaviours that cannot be accommodated for, or ade-
quately replicated, within intensive captive-breeding or
hand-rearing conditions.
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