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Notice

The results provided in this report are subject to an unknown degree of uncertainty. There
is substantial uncertainty in the knowledge of demographic data, such as fecundity,
survival and dispersal distances. This uncertainty and its propagation over time is partly
considered in the demographic and environmental stochasticity of the population model.
Due to the stochastic nature of the population model, simulation runs were replicated 1000
times and results are averages out of those replicate simulation runs. Absolute numbers
should be interpreted with caution. Instead trends, relative importance and differences
between different simulation runs (scenarios) are generally more trustworthy. All
information used in this work have been discussed with members of the recovery team
and verified as well as substantiated from the scientific, peer-reviewed literature. The work
therefore represents our best possible educated “guess” based on our current knowledge
of the biology, life history and habitat requirements for this species.
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1 Summary

This population viability analysis (PVA) for the Eastern Loggerhead Shrike is based on empirical
data between 1991 and 2013 and reflects our current understanding about the status and future
prospects of this small population. This PVA builds on the first PVA conducted in 2009 with an
extended, consolidated and revised data set. Insights derived from this PVA benefit from recent
data covering 5 more years of the field propagation and release program. These data allow for
the first time to quantify effects of this conservation effort on the viability and outlook for this
population. In-depth analysis and understanding of this newly compiled data set was therefore a
main priority for this PVA followed by a standard population model with revised model parameter
values.

The results of this PVA attest an overall positive effect of the captive breeding program in that
some captive-reared adults returned after migration and continually contribute to population
productivity by breeding with wild or other captive-reared adults. Therefore population size has
been boosted by those captive-reared adults and the negative trend in population abundance was
reduced by about 50 percent since 2005. Nevertheless, breeding pairs with captive-reared adults
appear to have proportionally more nest failures and produce fewer fledglings than wild breeding
pairs. This observation is based on a low sample size and may also be caused by the presence
of younger and less experienced adults in mixed pairs. Still, this lower productivity for mixed
breeding pairs does have a minor negative effect on the intrinsic growth rate of the population.
This negative effect, however, was overcompensated by the presence of captive-reared adults in
the population, therefore the net effect of this “captive-reared subsidisation” was still positive and
if continued at current numbers, would reduce the extinction risk over 100 years by about 20
percent.

The results of the calibrated population model suggest a reduced extinction risk compared to the
last PVA and likewise much reduced minimum viable population sizes for time horizons between
10 and 100 years. The extinction risk over 100 years is about 56 percent and the estimated time
to extinction is about 88 years. These numbers indicate significant improvement over the results
from the last PVA. Sensitivities of survival and fecundity on population viability remain mostly
unchanged, with survival rates of hatchlings of the year and first year adults accounting for up to
two thirds of the variation in simulated population abundance and extinction risk.

Overall, recent empirical data indicate a still negative intrinsic growth rate for the population most
likely resulting from a net loss of adults during migration. Weak migratory connectivity might be
the reason for insufficient returns of adults while helping to maintain genetic diversity in the
population. Under these current circumstances, only a long-term subsidized population can be
viable. The captive breeding program has shown to be effective in boosting the wild population,
but it did not help quite yet to make the population self-sustainable.

Conservation efforts should consider measures to improve productivity during the breeding
season. Data collection should focus on identifying reasons for the lower productivity in mixed
breeding pairs, on reasons for the shift of the population distribution toward the Carden area and
on the potential presence of captive-reared birds among singles in the population. Banding of wild
birds should be continued only if insights gathered from re-sightings inform new or alternative
conservation efforts. Re-sightings of banded birds informed the PVA about the age structure of
the wild population and allowed to calibrate survival rates for the population model. It is not
assumed that more re-sighting data would benefit another PVA in the future.
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2 Status of the Eastern Loggerhead Shrike Population

The Eastern Loggerhead Shrike population was last assessed by COSEWIC in May 2014 and
remains listed in the Species at Risk Public Registry as an endangered species
(http://www.sararegqistry.gc.ca/species/speciesDetails _e.cfm?sid=26). This status reflects the fact
that the population in Eastern Ontario is still declining at an average rate of about 1 breeding pair
ever 4 years over the last 10 years with 22 observed breeding pairs in 2013. This rather small
and declining population is accompanied by an average of about 20 percent of additional single
individuals, which do not breed, but may support other breeding pairs in their nesting and feeding
efforts.

Recovery efforts primarily focussed on introducing captive-reared fledglings into the wild
population accompanied by substantive population surveys and habitat assessments. Between
2000 and 2013 a staggering number of 722 captive bred fledglings were released into the wild,
almost doubling the accumulated productivity of the wild population of 886 fledglings over the
same period. However, only 24 of those captive-reared fledglings are known to have returned
from their wintering grounds as adults and bred with wild individuals. As small as this number
seems, those integrated captive-reared individuals not only add to population count and
productivity, but also attest some success to the captive breeding program as reported elsewhere
(e.g. Lagios E.L. et al. 2014, Soorae P.S. 2013).

The question as to where most of the captive-reared fledglings remain after migrating can partly
be answered by the findings of (Chabot A. 2011). A genetic analysis of Loggerhead Shrike
populations across North America suggests significant mixing among migratory and non-
migratory populations on the wintering grounds resulting in weak migratory connectivity. While
such weak connectivity facilitates gene exchange and contributes to genetic variation and
reduced potential of an Allee effect in the small Eastern Loggerhead Shrike population, it may
also explain why so many individuals do not return to their breeding grounds. Further reasons for
low return rates of wild and captive-reared birds are most likely limiting factors during migration
and on the wintering grounds (Pruitt, L. 2000) Survival rates of released fledglings might also
have been affected by the fact that at least half of the released fledglings were fitted with either
radios or data loggers.

Overall, analyses of recent and consolidated data since 1991, as well as the results of this PVA
reveal a reduced population decline, a reduced extinction risk and an increasing proportion of
captive-reared birds in the rather small wild population. Signs of hope for the still highly
endangered Eastern Loggerhead Shrike.

2.1 Captive Breeding Program

Captive breeding colonies were established in 1997 and 1998 in Ontario and introduction of
captive-reared birds into the wild started in 2000. Over the period of 14 years, a total of 2 adults
and 720 fledglings were released into the wild population (Fig. 1, Table 1). Some of the captive-
reared fledglings returned to the wild population as adults and bred with wild individuals (Fig. 2).
Since 2005 a total of 24 breeding pairs with captive-reared birds were observed in Ontario. These
24 mixed breeding pairs attempted 26 nests with 12 nest failures and produced a total of 47
fledglings (Table 2). One breeding pair with two captive-reared birds was observed in Carden in
2010 but failed one nest attempt and did not produce offspring.
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Z;?)?re /Area 2000 2001 | 2002 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | Total
Carden 2 23 62 39 43 76 33 5 24 23 330
Napanee 30 35 65
Grey-Bruce 18 32 55 58 18 43 16 288
Smith Falls 11 14 14 39
Total 2 11 14 32 55 94 101 94 76 21 54 58 722

Table 1: Number of released captive-reared fledglings into the 5 cores regions. The first 2

released birds in 2000 were adults.

Overall, the captive breeding or field propagation and release program made a difference to the
Eastern Loggerhead Shrike population, measurable in returning adults, their breeding success
and the added productivity to the wild population. It is therefore that this program was classified
as “Successful” in the Global Re-introduction Perspectives: 2013 (Soorae P.S. 2013) as well as
other recent publications (Imlay T.I. et al. 2010, Lagios E.L. et al. 2014, Nichols R.K. et al.

2010).

Captive-reared released fledglings in Ontario

110
g4
B0
[} 55
40 32
20 " 14 I
NEN B

101

Fledglings

Year

54
3
58
| | ‘ |
21 | |

000 2001 M00Z 2003 JO04 2005 J006 2007 JOOS 2009 2010 J011 2002 203

Released birds vs. captive reared adults in wild population

120 i
——Releases fladplings (2
adults in 2002}

100

—— Captive reared adults in
pognalation

80

&0

Fledglings

40

Captive reared adults

0

o
2000 2001 2003 2003 J004 2005 J006 2007 2008 2005 2010 2001 2012 2003

Year

Wild and captive-reared breeding pairs in Ontario

BWild x Captive

Breeding Pairs

(]
m Captive x Cagtive
B
4
E)
2
2
1 I 111 1
o I I . l l

1
20 08 200 2008 2009 2010 2011 ELUF

c)

b)

Figure 1:

a) Number of released captive-reared birds
(all fledglings except for 2 adults in 2002)
into all core areas in Ontario,

b) number of released birds vs. returned
captive-reared adults in wild population,
¢) Number of breeding pairs with captive-
reared returned adults in Ontario
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breeding nest nest nest failure . .
year pairs attempts | failures rate zeglings | tEeumaly;
2005 1 1 0 0 6 6
2006 1 1 0 0
2007 2 3 1 0.33 7 3.5
2008 6 7 2 0.28 18 3
2009 5 7 5 0.71 6 1.2
2010 1 1 0 0 1
2011 1 1 0 0 3
2012 1 1 1 1 0 0
2013 5 4 3 0.75 3 0.6
Total / Avg. 23 26 12 Avg.0.34 47 Avg. 2.367

Table 2: Productivity of mixed breeding pairs with wild and captive-reared adults in
Ontario

2.2 Population Trend

The number of observed breeding pairs since 1991 is shown in Figure 2. This graph depicts the
decline and large fluctuations in population size up to 2003 followed by a relative stabilisation of
the population trend thanks in part to the presence of captive-reared birds in the population.

Population trend for the Eastern Loggerhead Shrike
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Figure 2: Population trend and contribution of captive birds to breeding pairs.

Figure 3 provides a more detailed analysis of the contribution of captive-reared birds to breeding
pairs of the Eastern Loggerhead Shrike. Returned captive-reared adults have been continually
present in the wild population since 2005. Albeit fluctuating in numbers and in their proportional
contribution, captive reared birds increased overall population size and therefore reduced the
negative population trend during the last 10 years by more than 50% from about 1 breeding pair
every 2 years (-0.497 slope factor in Figure 3c) to 1 breeding pair every 4 years (-0.2303 slope
factor in Figure 3c).
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The distribution of the population across the 5 core areas has also changed significantly since
1991 (Fig. 4). While the area around Napanee was the breeding ground for more than 80% of the
observed breeding pairs in the late ninety’s, the number of breeding pairs sighted in the Carden
area steadily increased over the past 15 years. The true cause of this shift cannot be determined
at this point, but changes in habitat quality or observation and survey efforts could contribute to
this observation.

Population trend in the 5 core regions Population trend in the 5 core regions
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Figure 4: a) Absolute and b) relative distribution of breeding pairs across the 5 core areas
in Eastern Ontario. While more than 80% of all known breeding pairs was found in
Napanee between 1997 and 1999, about 60% to 70% of the population is now located in the

Carden area.
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It should be noted, however, that about 45% (330 of 722) of all captive-reared fledglings were
released into the Carden area (see Table 1) and that 17 out of the 24 mixed breeding pairs were
sighted in Carden. Therefore, the population growth in Carden is in part the result of an
increasing number of captive-reared adult birds in that core region.

Finally, although the number of observed breeding pairs has been declining, sighting of breeding
pairs in all major core areas within the last 5 years as well as the continuous presence of captive-
reared adults could be interpreted as an encouraging sign. This is in contrast to the period
between 2003 and 2005, where breeding pairs were observed in Napanee and Carden only.

2.3 Singles vs. Breeding Pairs

The Eastern Loggerhead Shrike population comprises a significant proportion of single
individuals, which do not seem to be engaged in nesting and breeding activities, but may help
other breeding pairs in raising their brood. Since 1991 a total of 291 singles has been observed
along with 699 breeding pairs or 1398 breeding individuals. The number of singles accounts for
about 21% of the entire population in terms of individual numbers. Hence about every 5" adult
bird does not directly contribute to population productivity. The number of single individuals
coarsely correlates with the number of breeding pairs and single individuals have been found in
all major core regions. (Fig. 5)
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Figure 5: Trend of single individuals a) compared to number of breeding pairs, b)
distributed across core regions, c) proportion of singles in core regions and d) ratio
between singles and breeding pairs in Napanee and Carden over time.
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In 2012, however, the number of observed singles surpassed the number of breeding pairs for
the first time since data collection began in 1991. This anomaly does not seem to coincide with
any other significant irregularity or deviation and might not necessarily indicate any fundamental
problem.

Furthermore, it could not be determined from the data, if captive-reared birds were among the
observed singles. Therefore it is assumed that singles are wild birds.

2.4 Mating System and Breeding Behaviour

Loggerhead Shrikes generally breed as one-year old birds during the first spring after hatching.
The ratio between males and females has consistently being estimated to be close to 1:1.
Accordingly, Loggerhead Shrikes are believed to be monogamous. Yet, observations and genetic
analyses revealed an apparent departure of Loggerhead Shrikes in Ontario from a monogamous
mating system. Extra-pair copulations have been observed as well as multiple females
contributing to one nest. This kind of behaviour is believed to be unique among Loggerhead
Shrike populations. It is assumed that the polygynous tendency of the mating system is attributed
to the lack of males or at least could compensate for the potential lack of males in Ontario’s
population. There is no clear evidence available yet for a biased sex ratio and the causes for this
unique behaviour are not yet fully understood.

2.5 Breeding and Nest Success

The productivity or fecundity of a population is determined by the number of fledglings
successfully raised by all breeding pairs during one breeding season. Successful or failed (e.g.
destroyed or abandoned) nests directly contribute to a populations’ productivity. We will analyse
fecundity and nest success over the past 10 years (between 2004 and 2013) for wild, mixed and
all breeding pairs separately.

Nest attempts and failures are shown in Figure 6. Nest failure rates do vary greatly between the
years for wild and mixed breeding pairs. It appears that mixed breeding pairs fail more nest
attempts than wild breeding pairs (see Figure 6d). This situation is also confirmed by comparing
the accumulated nest failures. Between 2004 and 2013 all known wild breeding pairs attempted
233 nests and failed 76 of those nest attempts, which sets the wild nest failure rate to 32.62
percent. By comparison, mixed breeding pairs produced a nest failure rate of 46.15 percent by
attempting 26 nests and failing 12 of those during the same period. While this mixed nest failure
rate is about 40% higher than the wild nest failure rate, the total nest failure rate was only
increased by about 6% due to the smaller number of mixed nest attempts.

Nevertheless, it should be noted that mixed breeding pairs have so far failed proportionally more
nests than wild breeding pairs and attention should be paid to that performance indicator in the
future. Low sample size and a higher proportion of younger and less experienced adults may
contribute to this observation.

Author Company Page

ELUTIS — Modelling and Consulting Inc.

681 Melbourne Avenue, Ottawa, Ontario, K2A 1X4, CANADA 10 of 36

Lutz Tischendorf




Project Document

Filename

Version Date

LOSH PVA 2

Final Report

LOSH_PVA_2_Final_1.docx 1

March 31, 2015

Nest attempts and failures for wild breeding pairs Nest attempts and failures for mixed breeding pairs
40 38 0.6 8 1
e Nest attempts Nest attempts
T 33 " Nest failures - 7 - Nest failures 0.9
—— Nest failure ratt:;D : 0.5 —— Nest failure rate - o8
§ 30 O
3 w 3 07 g
= 04 =
835 ® & s 06 B
> g 3 £
Ezo 0.3% Ea- -0.5%
2 b ] 0.4 pe
£ = £33 il ]
- 0z z - =
a a 0.3
- 10 - 2 L 02
N 04 :
° 11 01
0 o o o
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Year Year
a) b)
Nest failure ratio for wild and mixed breeding pairs nest failure ratio for all breeding pairs
1
09 —wild
0.8
o 0.7
g 3]
@ E 06 -
] g
E % 05
n < 04
2 i
= 1}
z 03
0.2
0.1
o+ : + + :
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Year Year
c) d)

Figure 6: Nest attempts and failures for wild, mixed and total number of breeding pairs

The productivity or fecundity of a population is usually defined by the number of successfully
raised fledglings per breeding pair at the end of a breeding season. Nest success as shown in
Figure 6 is a major factor in raising a brood but other factors, such as initial clutch size, hatching
success and fledgling mortality impact the effective fecundity of a breeding pair and population.
The number of fledglings produced by all breeding pairs in 4 core regions is shown in Figure 7.
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Figure 7. a) Number of fledglings produced in 4 out of the 5 core regions. (Note, no
fledglings have been observed in Smith Falls during that period). b) Fledgling proportions

across the 4 core regions.
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The numbers reflect a negative trend in fledglings per year between 2004 and 2013 and a shift of
population productivity toward Carden. Between 2011 and 2013 about 75% to 80% of all
fledglings were counted in the Carden area.

fecundity for wild and mixed breeding pairs in Ontario fecundity for all breeding pairs in Ontario
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Fecundity for mixed and wild breeding pairs is shown in Figure 8. These graphs reveal that
fecundity for mixed breeding pairs appears to be lower and more variable across years than
fecundity for wild breeding pairs. The trend for both is negative with a ratio of about minus 0.1
fledglings per year.

In numbers, mixed breeding pair fecundity averages about 2.367 fledglings per breeding pair with
a standard deviation of about 75 percent. Wild breeding pairs produced about 2.931 fledglings
per breeding pair with a standard deviation of about 25 percent. This comparison reveals that the
productivity of mixed breeding pairs lags about 9 percent of that observed in wild breeding pairs.
The net negative effect on the total fecundity is about 3 percent.

One remaining question is if fecundity is related to the number of nest attempts and failures. As
Figure 9 shows, average seasonal fecundity per breeding pair is not correlated to nest attempts
or failures, hence other factors, such as predation or hatching success might have a stronger
influence on net productivity.
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Figure 9: Nest attempts, failures and fecundity for all breeding pairs

In summary, key indicators of population productivity are declining and mixed breeding pairs
appear to produce more nest failures and fewer fledglings than their wild counterparts. More
emphasis should be paid to these particular facts of population productivity in future observation
efforts.

2.6 Re-sightings, age structure, sex ratio and over-winter survival

Re-sightings of banded individuals provide valuable information about the age structure of a
population and to some extend about over-winter survival or return rates between age classes.
Tables 3 and 4 provide re-sighting numbers and survival estimates for the entire population
between 1999 and 2013. Accumulated numbers over 13 and 14 years seem sufficient for deriving
at least a credible age class distribution (Figure 10) and guidance for survival estimates.

years / age 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | Total
HY 50 [126 |102| 97 |81 |66 | 41| 0 | 0o | o | 0 | 20| 4 |11 | o | 598
1 year (SY) 5 |17 |10 |26 | 6 |12 | 8 [17| 0o | 9 |13 6 | 7 | 8 | 7 |15
2 year (ASY) 0 |15 |13 9 10| 2|9 | 1|0 |13|1a]27|17] 7 | 15]152
3 year (TY) o|6 |6 |5 | 2|4 |4|1]o0|1)|3] 4 |10| 4] 3]|s53
4 0 o |5 |a4a]|a|2]z2]1 1| 3] o] 3| 28
5 oo |2 ]|1]o0o|1|1]o0]1 0| 0| 3|10
6 olo|lo]o]o|lo|o]o|o|1]o0o|]o|o]o]o]| 1
Total 55 | 164 | 133 | 143 | 103 | 89 | 65 | 21 | 2 | 27 | 31 | 58 | 41 | 30 | 31 | 993

Table 3: Age structure based on re-sightings and fledgling counts in Ontario

It should be noted that the numbers for age classes 1 and higher in Table 3 represent
amalgamations of e.g. 1 and 1+ classification (see Figure 11b for an example). It is often not
possible to determine the exact age of re-sighted birds, but merely the minimum possible age. In
those situations the age class is defined as “age+”, meaning that the bird could be older. For the
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sake of practicability and consistency with the model (these data just help to calibrate the model
parameters, see 4.1.2), “age+” and “age” class numbers were amalgamated into one age group.

Year HY banded | # surviving SY # surviving ASY # surviving AHY # surviving
banded (wild) 1+ years banded 1+ years banded 1+ years banded 1+ years
1999 50 19 5 3 25 10 3 1
2000 126 13 14 2 12 10 3 0
2001 102 21 9 1 6 3 0 0
2002 97 8 11 3 6 0 1 0
2003 81 12 3 2 3 5 0 0
2004 66 11 3 1 1 0 0 0
2005 41 1 2 0 1 0 0 0
2006 0 0 0 0 0 0 0 0
2007 0 0 0 0 0 0 0 0
2008 0 0 9 3 13 5 0 0
2009 0 0 9 9 10 6 0 1
2010 20 2 7 10 8 13 0 0
2011 4 0 4 3 6 3 0 0
2012 11 1 1 2 1 0 0
Total 598 88 77 41 93 56 7 2
(%) 14.72% 53.25% 60.22% 28.57%

Table 4: Over-winter survival estimates per age class based on re-sightings of banded
birds in Ontario

These data confirm that adult individuals my live up to 6 years (although one 9 year old banded
male individual was re-sighted 2006) in in the wild and the big drop in individuals between HY and
one year adults (see Figure 10) indicates a high mortality or “lack-of-return” rate for first year
adults. While this age structure shows similarity to age class distributions of similar species, it
seems unlikely that age class one and two are equally represented in a population.

Age structure based on re-sightings of banded birds
70
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50 |
E 40 |
@
2
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o | | N e
HY 1 2 3 4 5 6
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Figure 10: Age class distribution based on re-sightings between 1999 and 2013
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Another insight from re-sights of banded individuals relates to the sex-ratio and potential
differences in return rates or survival of the population. Figure 11 shows the number of banded
and re-sighted birds since 1999. Overall, a total of 230 female and 240 male birds were banded
between 1999 and 2013. During that time period 135 re-sights of females and 174 re-sights of
males in different age groups were recorded. These numbers indicate that chances to re-sight
males were higher than those for females (72.5% vs. 58.6%). A breakdown into age groups
reveals that the males of all age groups (except for 2 year olds) are more likely to be re-sighted
than females. There could be multiple reasons for this difference, such as a difference in
detection probability, a difference in return rates of banded birds or a difference in over-winter
survival rates or a combination of those factors.

Banded vs. Resighted Birds in Ontario Resightings per Age and Gender
55 60
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Figure 11: a) Numbers of banded and re-sighted individuals in Ontario. b) Number of all re-
sighted individuals per age group between 2000 and 2013. The data suggest that more
males than females have been re-sighted in most years and for almost all age groups.

2.7 Potential for an Allee Effect

The low population size paired with a significant proportion of singles in the population raises
concerns about the potential for an Allee effect by which the population would most likely
experience an accelerated decline due to low population density effects, such as inbreeding,
mate finding issues or breakdowns of social structures. There are currently 3 indicators that this
population has most likely not been affected by an Allee effect.

First of all, the results from Chabot A. 2011 reveal a weak migratory connectivity and significant
mixing of resident and migratory populations on the wintering grounds, which should facilitate gen
flow into the Ontario population and reduce the risk of inbreeding. Second, if social aspects of the
population were affected, the number of singles should increase with decreasing population size.
This has mostly not been the case except for 2010 until 2012 when the number of observed
singles rose above the number of breeding pairs (Figure 12). This trend, however, did not
continue in 2013. Third, the observed fecundity did not decline with population size (Figure 12),
but showed a rather positive trend between 2002 and 2012 despite a low population size.

All these observations cannot exclude the risk of an Allee effect or low density depression of the
population in the future and, if the population continues to decline, it might well become another
threat to the Eastern Loggerhead Shrike population.
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Breeding pairs vs. Singles and Fecundity
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Figure 12: Relationships between breeding pairs, singles and productivity. Fecundity was
higher during the last 10 years and singles mostly correlated with breeding pairs, except
for 2012, when observed singles exceeded the number of breeding pairs.

2.8 Summary

The status and fate of the Eastern Loggerhead Shrike has been captured and documented by
many volunteers and staff members over the past 24 years. The collected data support the
following conclusions:

1. the population is small and continues to decline with 22 breeding pairs accounted for in
2013

2. the population distribution across the 5 major core areas has shifted with approximately
60-70 percent of all observed breeding pairs now located in the Carden region

3. captive-reared birds returned to the wild population after migration and have continuously
contributed to productivity in mixed breeding pairs since 2005

4. captive-reared adults increased population size and reduced the negative population
trend

5. mixed breeding pairs are somewhat less productive than wild breeding pairs, they are
likely to exhibit proportionally more nest failures and produce fewer fledglings than wild
breeding pairs

6. population productivity is declining and consequences of this trend have been partially
offset by captive-reared adults boosting adult population size

7. single and non-productive individuals continue to account for about 20 percent of the total
population

8. accumulated data from re-sightings attest that individuals may live up to 6 years in the
wild and provide valuable insight into the age structure of the population

9. weak migratory connectivity and unknown fates during migration and on the
overwintering grounds most likely contribute to the ongoing population decline
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3 Population Model

The following sections describe the structure of the population model as well as the underlying
assumptions and sources for model parameter values. The model represents an age-structured
population of females based on the demographic fingerprint of the Eastern Loggerhead Shrike
population in Ontario as outlined in section 2. The model was implemented using
Ramas©MetaPop (Akcakaya and Root 2002).

3.1 Model expectation

The age structure and the parameter values of a population model should be defined by
guantified empirical observations and guided by expert knowledge. However, some of the data
requirements cannot always be satisfied with empirical data or even expert knowledge.
Therefore, conducting a quantitative PVA in the presence of data gaps requires postulating
assumptions or best guesses in conjunction with creative model calibration strategies.

One possible strategy is to compare simulated results against empirical data and to use this
comparison for calibrating unknown or uncertain model parameter values. The first goal should
therefore be a population model, which reproduces empirical facts, such as known population
trajectories or age class distributions. Such a calibrated model may then be used to quantify
viability measures, such as extinction risk or minimum viable population size, but also to explore
consequences of scenarios in a quantitative manner. It is exactly this kind of information, which is
generally more trustworthy and consistent then predicting population sizes for a future point in
time.

3.1.1 Population Trend

As presented in section 2.2., the population model should reproduce a negative population trend
with a growth rate of about -1 breeding pairs every 4 years.

3.1.2 Age Structure

The observed maximum life expectancy of Loggerhead Shrike's in the wild is about 6 years,
although only one bird at the age of 6 years has been re-sighted in Ontario between 2000 and
2013 (see Table 3 and Figure 10 in section 2.6). The population model should produce an age
class distribution similar to Figure 10.

3.2 Model parameters and assumptions

3.2.1 Time Step

The model uses a time step of one year and a time span of 10 to 100 years. All simulation runs
were repeated 1000 times unless noted otherwise.
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3.2.2 Age Classes

The population is divided into 6 age classes as follows:

= Juvenile - fledglings or hatchlings of the year
= Adult_1 —first year adults

= Adult_2 - second year adults

= Adult_3 - third year adults

= Adult_4 —fourth year adults

= Adult_5 —fifth plus year adults

These age classes allow for accounting juveniles up to 5 plus year adults whereas individuals
older than 5 years remain part of the Adult_5 age class.

3.2.2.1 Fecundity

Fecundity in the population model refers to the number of fledglings per adult female during one
breeding season. It is assumed that all females of all adult age classes produce on average the
same number of fledglings throughout their simulated life.

Year # breeding pairs # fledglings | #fledglings/#breeding pairs
2004 27 85 3.1481
2005 24 62 2.5833
2006 18 62 3.4444
2007 21 85 4.0476
2008 27 79 2.9259
2009 31 81 2.6129
2010 24 61 2.5416
2011 21 48 2.2857
2012 21 78 3.7142
2013 22 32 1.4545
Total/Avg. 236 673 Avg. 2.8758

Table 5: Breeding pairs and fledglings in Ontario.

Fecundity was calculated based on the reported number of fledglings per breeding pair in Ontario
between 2004 and 2013 (see Table 5).

The average ratio between fledglings and breeding pairs (2.8758) as well as the corresponding
standard deviation of 25% has been used as fecundity values for the population model. Since the
population model tracks females only, the fecundity was divided by 2 based on the assumption of
a balanced sex ratio.

The period of consideration for calculating fecundity was consciously chosen based on the belief
that breeding conditions for the Loggerhead Shrike in Eastern Ontario over those ten years
represent current and near future conditions and reflect current population productivity.
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3.2.2.2 Survival

Survival in the population model refers to an annual survival rate, i.e. the proportion of the age
class in the population surviving from one year to the next. Since survival rates are practically
unknown (as outlined in section 2.6) assumptions had to be made here. It was assumed that
survival of juveniles was about 50% of adults and that 5 plus year adults experienced a lower
survival rate then younger adults. Survival rates were then calibrated until the simulated
population trajectory matched its empirical counterpart and until the simulated age class
distribution resembled the empirically determined age structure of the population. Survival rates
per age class are shown in Table 6, section 3.2.2.3. A 10 percent standard deviation around
survival rates was used in the model (see Table 7).

3.2.2.3 Stage Matrices

Table 6 shows the stage matrix with fecundity values in the upper row and survival values in the
diagonal row. Table 7 shows the corresponding standard deviation matrix for fecundity and
survival values.

age class|juvenile|adult_1|adult_2|adult_3|adult_4|adult_5
juvenile 0.0 1.4379 | 1.4379 | 1.4379 | 1.4379 | 1.4379
adult_1 0.306 0 0 0 0 0
adult_2 0 0.65 0 0 0 0
adult_3 0 0 0.56 0 0 0
adult_4 0 0 0 0.41 0 0
adult_5 0 0 0 0 0.3 0.2

Table 6: Stage matrix for Loggerhead Shrike population model

age class|juvenilefadult_1|adult_2|adult_3|adult_4|adult_5

juvenile 0 0.3574 [ 0.3574 | 0.3574 | 0.3574 | 0.3574
adult_1 [ 0.0306 0 0 0 0 0
adult_2 0 0.065 0 0 0 0
adult_3 0 0 0.056 0 0 0
adult_4 0 0 0 0.041 0 0
adult_5 0 0 0 0 0.03 0.02

Table 7: Standard Deviation matrix for values shown in Table 6

3.2.3 Sex structure and Mating System

The Loggerhead Shrike population model is a female only model.

3.2.4 Density Dependence

No density dependence was used in this model. There appears to be no evidence for an Allee
effect and population sizes are too small and unlikely to be constrained by limited habitat amount.
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3.2.5 Stochasticity

Demographic stochasticity was used in the model as well as stochasticity originating from the
standard deviations around fecundity and survival rates. The model was set so that fecundity and
survival were not correlated based on the assumption that over-winter survival is uncorrelated to
breeding success.

4 Results
4.1 Model Calibration

This section compares simulated results to empirical data as a way of calibrating the population
model and establishing some confidence into the structure and parameterisation of the model.

4.1.1 Population Trend / Growth Rate

Figure 13 depicts a comparison of exemplary simulated population sizes over 10 years with the
real population count as well as compares the empirical trend with the simulated trend.

Population abundance vs. typical simulated trajectories Population trend vs. simulated population trend
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Figure 13: a) Simulated population trajectories and b) the simulated average population
trend compared to the actual population counts and trend between 2004 and 2013.

These results confirm that the population model produces quite realistic population sizes over
time and that the average population size over 1000 replicate simulation runs declines similar to
the trend based on currently observed population counts.

4.1.2 Age Structure

Figure 14 compares the simulated age class distribution against the empirically determined age
structure of the population. Both age class distributions are very similar and differ mostly in Age
classes 1 and 2. As already pointed out in section 2.6, it appears unlikely that two age classes
share the same proportion of individuals within a population. A steady decline of individuals in
higher age classes seems more realistic and survival rates were fine tuned to produce an age
structure as close as possible to the empirical distribution.
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Figure 14: Observed age structure vs. simulated age class distribution

4.2 Probability of Extinction

The probability of extinction is calculated as the proportion of the 1000 replicate simulation runs in
which the population abundance becomes zero during one simulation run. For example, an