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INTRODUCTION	

Describing	traits	of	 the	breeding	biology	of	a	species	 is	crucial,	as	they	determine	how	demographic	parameters	 (produc?vity,	
abundance,	survival,	mortality,	and	recruitment)	of	popula?ons	change	in	space	and	?me.	Moreover,	understanding	how	these	
parameters	are	affected	by	both	abio?c	and	bio?c	 factors	 is	essen?al	 to	provide	evidence	 to	effec?vely	develop	conserva?on	
programs,	especially	for	species	in	urgent	need	of	protec?on.	Among	the	various	a(ributes	of	the	breeding	biology	of	birds,	nest-
ing	success,	defined	as	the	propor?on	of	observed	nests	that	fledge	at	least	one	offspring,	has	been	widely	used	as	a	metric	to	as-
sess	breeding	performance	of	specific	popula?ons	at	different	geographic	loca?ons.	Nes?ng	success,	together	with	other	a(rib-
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Abstract	 ·	 The	 Loggerhead	 Shrike	 Lanius	 ludovicianus	 has	 an	 excep?onally	 broad	 distribu?on	 in	 North	 America,	 with	 the	 southernmost	
popula?ons	found	in	central	Mexico.	The	species	has	experienced	severe	declines	throughout	its	range,	and	thus,	is	of	conserva?on	concern,	
par?cularly	in	USA	and	Canada.	Life	history	data	is	scarce	for	Mexico,	where	both	resident	and	migratory	popula?ons	are	found.	In	this	study	
we	provide	 informa?on	on	 the	breeding	biology	of	 a	popula?on	of	 Loggerhead	Shrikes	near	 the	 southern	 limit	of	 its	distribu?on	 in	 central	
Mexico.	Based	on	data	from	70	nests	over	three	breeding	seasons	(2007–2009),	we	es?mated	the	average	nest	density	as	0.85	nests/ha	with	
most	nests	built	in	mesquite	trees	Prosopis	laevigata.	Average	clutch	ini?a?on	date	was	March	28,	with	varia?on	among	years.	The	breeding	
period	averaged	3.5	months,	 star?ng	at	 the	end	of	 February,	 and	extending	 to	early	 June.	 The	 laying	period	averaged	4.6	days,	 incuba?on	
averaged	18	days,	and	the	average	brooding	period	16.6	days,	for	a	total	average	of	39.2	days	from	egg	laying	to	the	end	of	brooding.	Clutch	
size	averaged	4.1	eggs	(range	2–5)	with	a	mode	of	four	eggs.	The	nes?ng	success	for	the	three	years	combined	was	64.3%	(range	54.5–68.9%).	
Daily	survival	rate	was	es?mated	to	be	0.749	using	logis?c	exposure.	The	average	number	of	fledglings	at	successful	nests	was	1.5.	Preda?on	
was	 the	main	cause	of	nest	 failure,	accoun?ng	 for	35.7%	of	all	 ac?ve	nests.	 In	general,	 life	history	 traits	of	 this	Mexican	Loggerhead	Shrike	
popula?on	are	like	those	reported	for	breeding	popula?ons	in	more	northern	parts	of	its	range;	however,	clutch	size	was	smaller	and	average	
incuba?on	period	was	significantly	longer,	probably	because	of	la?tudinally-related	environmental	factors.	

Resumen	·	Biología	reproducQva	del	verdugo	americano	Lanius	ludovicianus	en	el	centro	de	México

El	 verdugo	 americano	 Lanius	 ludovicianus	 presenta	 una	 amplia	 distribución	 en	 Norteamérica	 con	 poblaciones	 sureñas	 hacia	 el	 centro	 de	
México.	 La	 especie	 ha	 experimentado	 disminuciones	 poblacionales	 drás?cas	 en	 todo	 su	 rango	 de	 distribución	 y	 como	 tal,	 es	 considerada	
amenazada,	par?cularmente	en	Estados	Unidos	y	Canadá;	en	México,	sin	embargo,	el	conocimiento	de	sus	poblaciones	residentes	y	migratorias	
es	escaso.	En	este	estudio	presentamos	información	de	la	biología	reproduc?va	de	una	población	ubicada	en	el	centro	de	México.	Con	base	en	
70	nidos	de	tres	temporadas	reproduc?vas	(2007–2009)	determinamos	que	la	densidad	promedio	de	nidos	fue	de	0.85/ha,	siendo	el	árbol	de	
mesquite	(Prosopis	laevigata)	el	sustrato	principal	de	anidación.	La	fecha	promedio	de	inicio	de	puesta	fue	marzo	28,	con	variación	entre	años.	
El	periodo	de	reproducción	fue	de	3,5	meses,	(desde	finales	de	febrero	a	principios	de	junio).	El	periodo	promedio	de	puesta	fue	de	4,6	días	y	el	
de	incubación	18	días	y	de	16,6	días	de	empollamiento,	para	un	promedio	de	39,2	días	desde	el	inicio	de	la	puesta	hasta	la	salida	de	los	pollos	
del	nido.	El	tamaño	promedio	de	nidada	fue	de	4,1	huevos	(rango	de	2–5)	con	una	moda	de	cuatro	huevos.	El	éxito	reproduc?vo	para	los	tres	
años	combinados	fue	de	64,3%	(54,5–68.9).	La	sobrevivencia	diaria	global	de	los	nidos	según	exposición	logís?ca	fue	de	0,749.	El	promedio	de	
volantones	en	nidos	exitosos	fue	de	1,5.	La	depredación	fue	la	principal	causa	de	fracaso	(35,7%	de	nidos).	Los	atributos	de	historia	de	vida	son	
en	general	similares	a	lo	reportado	en	la	literatura	para	las	poblaciones	reproduc?vas	en	su	rango	norteño,	sin	embargo,	el	tamaño	de	nidada	
fue	menor	y	el	periodo	de	incubación	más	largo,	probablemente	como	resultado	de	factores	ambientales	asociados	con	la	la?tud.	
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utes	such	as	clutch	size,	hatching	success	and	dura?on	of	incu-
ba?on	and	brooding	periods,	are	key	to	determine	how	popu-
la?ons	 are	 responding	 to	 local	 environmental	 factors	 and	
whether	these	might	change	in	rela?on	to	anthropogenic	ac-
?vi?es.	

The	Loggerhead	Shrike	Lanius	ludovicianus,	like	many	oth-
er	 grassland	 bird	 species,	 has	 shown	 sustained	 declines	 in	
abundance	across	its	range	over	the	last	few	decades	(Cade	&	
Woods	1997,	Berlanga	et	al.	2010,	Fink	et	al.	2022).	As	such,	
the	 Loggerhead	 Shrike	 is	 included,	 along	 with	 many	 other	
species,	 as	 being	of	 conserva?on	 concern	by	 the	 tri-na?onal	
(Canada-USA-Mexico)	Partners	 in	Flight	bird	conserva?on	ini-
?a?ve	(Berlanga	et	al.	2010).	As	a	species	of	conserva?on	con-
cern,	the	descrip?on	of	life	history	a(ributes	such	as	breeding	
phenology	and	nes?ng	success	are	essen?al	to	aid	in	ensuring	
the	long-term	persistence	of	the	species;	for	example,	conver-
sion	of	habitat	can	profoundly	impact	nest	site	a(ributes,	and	
concomitantly,	reproduc?ve	success.

This	species	is	broadly	distributed,	with	a	range	extending	
from	southern	Canada	through	the	con?nental	United	States,	
south	to	central	Mexico	(Yosef	2020).	In	Mexico,	it	is	mainly	a	
breeding	resident	and	is	the	only	one	of	the	two	North	Ameri-
can	shrike	species	to	commonly	occur	 in	the	country	(Howell	
&	Webb	1995).	Long-term	monitoring	data	from	the	Breeding	
Bird	 Survey	 and	 the	 Christmas	 Bird	 Count	 in	 North	 America	
have	shown	substan?al	declines	of	Loggerhead	Shrike	popula-
?ons	since	1995	(Sauer	et	al.	1995,	Cade	&	Woods	1997),	with	
an	es?mated	decline	of	3.2%	per	year	between	1966	to	2011	
(Sauer	 et	 al.	 2017).	 More	 recently,	 eBird	 Status	 and	 Trends	
2007–2021	(Fink	et	al.	2022)	showed	that	con?nental	popula-
?ons	con?nue	in	decline	(up	to	30%)	over	most	of	the	species’	
range.	 In	Canada,	popula?ons	of	 the	subspecies	L.	 l.	migrans	
and	L.	l.	excubitorides	have	been	classified	as	endangered	and	
threatened,	 respec?vely,	 by	 the	Commi(ee	on	 the	 Status	 of	
Endangered	Wildlife	(COSEWIC	2000,	2004).	In	the	USA,	it	has	
been	iden?fied	as	a	species	of	conserva?on	concern	and	near-
threatened	by	 the	 IUCN	 (U.S.	 Fish	and	Wildlife	Service	2008,	
Yosef	2020)	due	to	dras?c	and	ongoing	decline,	with	contem-
porary	popula?on	size	es?mated	to	comprise	up	to	75%	of	the	

historical	size	(Berlanga	et	al.	2010,	Fink	et	al.	2022).	

Many	reasons	have	been	posited	for	the	decline	of	Logger-
head	Shrike	popula?ons:	loss	of	habitat,	clima?c	factors,	colli-
sion	 with	 vehicles	 nest	 preda?on,	 and	 high	 mortality	 in	 the	
first	year	of	 life	(Yosef	2020).	More	recently,	wind	turbine	fa-
tali?es	 have	 been	 also	 reported	 (Smallwood	 &	 Smallwood	
2021).	However,	most	authors	agree	that	the	main	factor	for	
decline	of	this	species	is	the	loss	of	habitat	(Gawlik	&	Bildstein	
1993,	Cade	&	Woods	1997,	Yosef	2001,	Walk	et	al.	2006,	Pool	
et	al.	2014).	In	Canada	and	USA,	data	suggest	that	there	is	re-
duced	reproduc?ve	success	and	higher	preda?on	in	 intensive	
agricultural	croplands	(Yosef	2020,	Walk	et	al.	2006)	compared	
to	grasslands,	old	fields,	ca(le	pastures,	and	open	areas	(Gaw-
lik	 &	 Bildstein	 1993,	 Yosef	 2001,	 Collister	 &	 De	 Smet	 1997,	
Chabot	et	al.	2001).

The	 breeding	 biology	 of	 the	 Loggerhead	 Shrike	 has	 not	
been	 well	 studied	 in	 Mexico	 compared	 to	 the	 USA	 and	
Canada;	 thus,	 in	 general,	 data	 are	 lacking	 for	Mexico	where	
several	 subspecies	 exist	 (Phillips	 1986)	 and	 where	 breeding	
popula?ons	are	resident	(Yosef	2020).	To	address	this	knowl-
edge	deficit,	we	examine	the	breeding	biology	in	a	popula?on	
of	 Loggerhead	 Shrikes	 in	 the	 Western	 Mexico	 state	 of	 Mi-
choacán,	in	an	agriculture	area	on	the	shore	of	lake	Cuitzeo.	In	
this	study,	we	quan?fy	key	life	history	a(ributes	of	the	breed-
ing	 biology	 of	 a	 resident	 popula?on	 of	 the	 species	 at	 the	
southern	limit	of	its	con?nental	distribu?on.	

METHODS

Study	sites.	Our	study	area	was	selected	based	on	informa?on	
available	 from	 specimens	 housed	 in	 the	 scien?fic	 collec?on	
held	at	the	Laboratory	of	Ornithology	at	Universidad	Michoa-
cana	 de	 San	 Nicolás	 de	 Hidalgo,	 in	 Michoacán,	 Mexico.	 The	
study	focused	on	four	study	sites	distributed	along	the	shore	
of	 Lake	 Cuitzeo	 (Figure	 1):	 1.	 San	 Agusgn	 del	 Maíz	
(19°54’01.53”N,	101°09’42.10”W);	2.	The	Cuitzeo-San	Agusgn	
del	 Pulque	 Road	 (19°57’22.28”N,	 101°06’52.53”W);	 3.	 Ejido	
Epifanio	C.	Pérez	(20°00’08.99”N,	101°08’59.30”W)	and	4.	The	
Cuitzeo-Huandacareo	 Road	 (19°57’47.94”N	 and	 101°13’	

Figure	1.	Loggerhead	Shrike	 study	area	at	 the	northern	por?on	of	 the	 state	of	Michoacán.	 Study	 sites	 are	 shown	with	numbers:	 1)	 San	Agusgn	del	Maíz,	 2)	
Cuitzeo-San	Agusgn	del	Pulque	Road,	3)	Ejido	Epifanio	C.	Pérez,	and	4)	Cuitzeo-Huandacareo	Road.	
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15.22”W).

The	 sites	are	 situated	 in	an	area	with	 rain-fed	agriculture	
used	once	a	year,	principally	to	cul?vate	corn,	chickpeas,	and	
sorghum,	with	a	few	smaller	fields	of	alfalfa	(an	annual	crop).	
Fields	were	interspersed	with	live	fencerows	consis?ng	of	lin-
ear	 stone	 fences	 mixed	 with	 mesquite	 Prosopis	 laevigata,	
huisache	 Acacia	 farnesiana,	 cactus	 and	 other	 na?ve	 shrubs	
and	 trees,	 as	well	 as	 isolated	patches	of	mesquite	 and	 some	
huisaches,	and	uña	de	gato	Acacia	sp.	In	addi?on,	there	were	
some	patches	of	original	subtropical	semiarid	matorral	vegeta-
?on	 (Ipomoea	 murucoides,	 Bursera	 copalifera,	 Eysenhard;a	
polystachya	 and	 Opun;a	 spp.)	 interspersed	 with	 grasslands	
where	 livestock	 pastured.	 Our	 four	 study	 sites	 had	 similar	
landscape	features	(Figure	2)	and	were	separated	by	an	aver-
age	of	8.3	km	distance	from	each	other.	

Field	Methods.	Breeding	data	were	collected	from	the	end	
of	February	to	the	beginning	of	June	over	three	breeding	sea-
sons:	2007,	2008,	and	2009.	We	found	focal	nests	primarily	us-
ing	 behavioural	 cues	 that	 would	 imply	 nes?ng,	 including	
courtship,	 carrying	nest	material,	 territory	defence,	and	 food	
transport	 (Ralph	 et	 al.	 1996).	 Once	 a	 supposed	 nes?ng	 pair	
was	 iden?fied,	 we	 conducted	 intensive	 searches	 in	 all	 trees	
and	 shrubs	 in	 surrounding	 areas	 to	 locate	 the	 nest,	 which	
were	 easy	 to	 iden?fy	 by	 their	 conspicuous	 open	 cup	 shape	
with	 interwoven	 plant	 material,	 and	 protec?on	 afforded	 by	
thorny	 twigs	on	 the	exterior.	 To	quan?fy	mul?ple	 aspects	of	
the	 breeding	 phenology	 and	 reproduc?ve	 success,	 we	 con-
ducted	 nest	 checks	 every	 third	 day,	 beginning	 at	 egg	 laying	
(Mar?n	et	al.	1997).	To	reduce	stress	on	parents	and	prevent	
our	ac?ons	from	a(rac?ng	predators,	we	first	confirmed	that	
poten?al	 predators	 were	 not	 nearby.	 We	 checked	 nests	 for	
parental	 presence	 using	 binoculars;	 if	 either	 or	 both	 parents	
were	 present,	 we	waited	 un?l	 they	 le�	 the	 nest.	 Then,	 two	
persons	approached	 the	nest,	one	holding	a	mirror	mounted	
in	a	pole	to	check	the	contents	and	the	second	using	binocu-
lars	to	confirm	the	presence	of	either	eggs	or	nestlings.	A	nest	
was	considered	predated	when,	in	addi?on	to	the	absence	of	
eggs	or	nestlings	since	the	last	check,	we	also	no?ced	damage	
(par?al	 or	 severe)	 to	 the	nest.	 Among	poten?al	 predators	 in	
the	 area	 are	 included	 birds	 (Great-tailed	 Grackle	 Quiscalus	
mexicanus,	 Common	 Raven	 Corvus	 corax,	 American	 Kestrel	
Falco	sparverius,	Copper’s	and	Sharp-shinned	Hawks	Accipiter	
cooperii	 and	 A.	 striatus),	 as	 well	 as	 mammals	 (ground	
squirrels,	Otospermophilus	 variegatus,	 Field	 rats	 Peromyscus	
sp.,	 Neotoma	 sp.,	 and	 RaKus	 sp.,	 Weasel	 Neogale	 frenata,	
Opossum	 Didelphis	 virginiana,	 and	 feral	 cats),	 and	 rep?les	

(Mexican	 bullsnake	 Pituophis	 deppei).	 We	 recorded	 the	 day	
that	 the	 first	 egg	was	 laid,	 clutch	 size,	 hatching	 and	 fledging	
dates,	 dura?on	 of	 laying,	 incuba?on	 and	 nestling	 periods,	
number	of	eggs	hatched,	and	number	of	nestlings	fledged.	We	
also	obtained	data	on	precipita?on	for	2008	and	2009	from	a	
weather	sta?on	close	to	our	study	area,	(Huandacareo	ca.	6	to	
12	 km	 from	 our	 study	 sites)	 to	 relate	 this	 to	 the	 ?ming	 of	
breeding.	 Precipita?on	 data	 for	 2007	 were	 omi(ed	 from	
analysis	because	we	did	not	conduct	nest	searches	for	the	en-
?re	breeding	season	in	this	year.	

StaQsQcal	Analyses.	We	calculated	the	average	of	hatching	
success	as	the	percentage	of	eggs	that	hatched	by	year	at	each	
study	site,	and	nes?ng	success	as	the	percentage	of	pairs	that	
fledged	at	least	one	young.	We	also	es?mated	survival	rate	of	
nests	using	 two	methods:	 the	Mayfield	method	 (1961,	1975)	
to	allow	comparison	 to	previous	work,	and	 the	 logis?c	expo-
sure	method	(Shaffer	2004).	The	Mayfield	es?mator	calculates	
the	total	exposure	in	nest-days.	The	resul?ng	value,	expressed	
as	losses	per	nest-day,	is	the	es?mated	daily	mortality	rate	of	
nests.	The	 logis?c	exposure	method	 is	preferred	 for	 calculat-
ing	nest	survival	(Shaffer	2004)	as	it	is	based	on	the	history	of	
encounters	 of	 individual	 nests,	 allows	 visita?on	 intervals	 to	
vary,	and	requires	no	assump?ons	about	when	nest	losses	oc-
cur	(Dinsmore	et	al.	2002).	We	es?mated	the	survival	rate	of	
nests	 by	 using	 the	 logis?c	 exposure	 model	 available	 in	 the	
module	PROC	NLMIXED	(Rotella	et	al.	2007)	of	SAS	(SAS	Ins?-
tute	2009).	We	used	date	and	age	of	nests	as	explanatory	vari-
ables	to	model	Loggerhead	Shrike’s	daily	nest	survival.	

Unless	otherwise	 indicated,	we	 report	means	±	 SD	 for	 all	
metrics.	We	used	a	Wilcoxon	test	to	compare	the	clutch	ini?a-
?on	between	2008	and	2009.	We	exclude	the	nes?ng	season	
of	2007	from	this	analysis	because	we	were	unable	to	sample	
the	en?re	reproduc?ve	season.

RESULTS

Over	 three	 reproduc?ve	 seasons,	we	 located	 70	 nests,	 11	 in	
2007,	30	in	2008	and	29	in	2009.	Average	nest	density	for	all	
sites	 combined	 (2008–2009)	was	 0.85	 nests/ha	 (range	 0.90–
1.21	nests/ha),	with	higher	density	 at	 Ejido	Epifanio	C.	Pérez	
(see	Figure	1).	Nest	were	located	on	different	substrates;	two	
(2.9%)	were	placed	in	uña	de	gato	Acacia	sp.,	11	(15.7%)	were	
placed	 in	A.	 farnesiana,	and	most,	57	 (81.4%)	were	placed	 in	
P.	 laevigata),	 either	 isolated	 in	 small	 stands	or	 in	 fencerows.	
All	 substrates	have	 thorns	or	 spines.	On	average,	nests	were	

Figure	2.	Landscape	features	prevailing	at	the	Loggerhead	Shrike	study	sites	in	the	shore	of	Lake	Cuitzeo	located	north	of	Michoacán,	Mexico.	A)	satellite	image	
from	Google	Earth	dated	2012	from	site	2,	San	Agusgn	del	Pulque	Road,	showing	the	 landscape	arrangement	of	agricultural	plots	 interspersed	by	 live	fences,	
isolated	mesquite	trees	and	patches	of	semiarid	subtropical	forest.	B)	Close-up	photo	of	a	Loggerhead	Shrike	territory.	
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located	at	a	height	of	4.3	m	±	0.2,	 (range	1.2–8.6	m;	N	=	70	
nests),	 and	 the	 perpendicular	 distance	 from	 the	 main	 tree	
stem	averaged	3.4	m	±	0.24	(range	0.28–5.23	m).	Nests	in	iso-
lated	trees	(92%	of	all	nests)	in	agriculture	fields	were	on	av-
erage	30.8	±	0.8	m	from	fencerows.	Nest	construc?on	was	di-
rectly	observed	in	only	four	nests,	which	required	between	4	
to	6	days	to	complete;	the	66	other	nests	were	already	com-
plete	when	found.	The	longest	span	between	the	end	of	nest	
construc?on	 and	 day	 of	 laying	 of	 the	 first	 egg	was	 28	 days.	
The	earliest	clutch	recorded	was	on	21	February	2009	and	the	
latest	on	3	 June	3	2008;	 in	 general,	 the	breeding	 season	ex-
tended	 for	 three-	and	one-half	months	 (March	 to	 June).	The	
longest	nes?ng	season	(defined	as	the	elapsed	?me	between	
laying	of	 the	first	egg	un?l	 the	 last	fledging	event	each	year)	
was	109	days	in	2009	(from	21	February	to	9	June);	the	mean	
for	years	2008	and	2009	combined	was	105	±	5	days.

The	mean	clutch	size	(N	=	70	nests)	across	all	three	years	
was	 4.1	 eggs/nest	 (range:	 2–5,	 Table	 1).	 The	 propor?on	 of	
nests	 with	 two	 eggs	 was	 4.4%,	 with	 three	 eggs	 10.3%,	 with	
four	eggs	52.9%	and	with	five	eggs	32.3%.	Of	the	289	eggs	laid	
over	three	years,	209	eggs	(72.3%)	hatched.	We	found	a	simi-
lar	hatching	success	for	2007	and	2008,	but	a	higher	value	in	
2009	 (Table	1).	 Fi�y-two	eggs	 (18%)	were	predated,	23	eggs	
(8%)	were	 infer?le,	and	5	eggs	(1.7%)	were	 in	clutches	aban-
doned	by	the	parents	(two	nests).	Of	the	total	eggs	hatched,	
136	nestlings	(65%)	were	lost	by	preda?on	and	73	(35%)	suc-
cessfully	fledged.	In	49	nests	(70%),	we	found	that	hatch	inter-
val	 was	 48	 hours,	 with	 the	 last	 egg	 laid	 usually	 the	 last	 to	
hatch.

Overall,	the	average	laying	period	(N=	70	nests	for	all	years	
combined)	was	4.6	days,	(range	2–7).	Incuba?on	started	with	
the	second	egg	laid	and	averaged	18	days	(range	16–20	days;	
Table	1).	The	average	for	the	nestling	period	for	all	three	years	
combined	(N	=	70	nests)	was	16.6	days	(range	14–20	days,	Ta-
ble	1).	The	average	clutch	ini?a?on	date	for	2008	was	3	April	
whereas	for	2009	it	was	23	March,	with	significant	differences	
between	years	(Wilcoxon	X²	=	6.9,	p	=	0.0082,	Figure	3).	Most	
clutches	were	ini?ated	during	the	final	part	of	the	dry	season	
(March–April),	before	the	arrival	of	the	rains	(Figure	3).	Over-
all,	 1.5%	 clutches	 began	 in	 February,	 56%	 in	March,	 37%	 in	
April,	and	6%	in	May.	Over	the	three	reproduc?ve	seasons,	we	
only	 registered	 two	 re-nes?ng	 events	 (nests	 built	 a�er	 the	
first	 failed	nest).	The	new	nests	were	all	 constructed	near	 to	
the	original	nest,	<100	m	away.	

The	nes?ng	success	for	the	three	years	combined	was	64.3	
%	(percentage	of	nests	where	at	least	one	young	fledged).	Es-
?mated	nest	 survival	was	55.3%	with	Mayfield	method	 (suc-
cess	per	year	 in	Table	1),	while	the	 logis?c	exposure	analysis	

showed	a	global	daily	nest	survival	rate	of	0.749	with	a	confi-
dence	 interval	of	0.084–0.967.	Daily	nest	 survival	was	higher	
in	2009	(0.72)	than	in	2008	(0.62).	

We	 recorded	 73	 fledglings	 in	 all	 three	 breeding	 seasons	
(mean	 of	 1.5	 ±	 0.1	 fledglings/successful	 nest;	 Table	 1).	 Nest	
preda?on	was	the	main	cause	of	nest	failure	with	a	total	loss	
of	 25	 nests	 (35.7%)	 in	 three	 years,	 of	 which	 48%	 (12	 nests)	
were	 predated	 during	 the	 incuba?on	 period	 and	 52	 %	 (13	
nests)	 during	 the	 nestling	 period.	 Nests	 that	 that	 were	 suc-
cessful	in	fledgling	were	an	average	distance	of	37.09	±	3.59	m	
(n	 =	 43)	 from	 fencerows,	 with	 unsuccessful	 nests	 located	 at	
20.68	±	3.67	m	(n	=	27).	 In	general,	nest	 that	were	predated	
were	found	with	material	removed	or	were	destroyed.	We	ob-
served	 squirrels,	 ravens,	 Cooper´s	 and	 Sharp-shinned	Hawks,	
and	Great-tailed	Grackles	 on	 trees	where	 some	 nest	 failures	
occurred.	

DISCUSSION

Overall,	our	observa?ons	of	nest	site	selec?on	and	reproduc-
?ve	success	of	Loggerhead	Shrikes	are	broadly	comparable	to	
those	 from	Canada	 and	USA,	with	 some	notable	 differences.	
Average	 clutch	 size	 of	 4.1	 eggs	 is	 like	 average	 clutch	 size	 in	
Florida	of	4.3	eggs	(Yosef	2001),	but	smaller	than	most	values	
reported	at	higher	la?tudes	(5	or	6	eggs;	Yosef	2020).	Such	lat-
itudinal	varia?on	 is	 consistent	with	bird	 species	where	 larger	
clutches	 occur	 in	 more	 seasonal	 environments	 (Jetz	 et	 al.	
2008).	 Thus,	 this	disparity	 is	possibly	 the	 result	of	 local	 envi-
ronmental	 factors	 including	 local	 food	 abundance	 (Mar?n	 et	
al.	 1997,	Mar?n	2002),	 but	 further	 inves?ga?on	 is	 necessary	
to	 understand	 such	 la?tudinal	 varia?on.	 Compared	 to	 other	
studies	of	L.	ludovicianus,	the	average	incuba?on	length	of	18	
days	for	this	Mexican	popula?on	is	the	longest	reported	so	far	
(Kridelbaugh	1983,	Tyler	1992,	Lefranc	1997,	Presco(	&	Bjorge	
1999,	Esely	&	Bollinger	2001,	Yosef	2001,	Posadas-Leal	et	 al.	
2010).	 In	 some	bird	 species,	 differences	 in	 incuba?on	period	
vary	due	 to	 female	body	 size	 (Zicus	et	al.	 1995),	presence	of	
predators	 (Hepp	 et	 al.	 2006),	 environmental	 temperature	
(Conway	&	Mar?n	 2000),	 available	 food	 (Chalfoun	&	Mar?n	
2007),	and	clutch	size	(Hötker	1998).	The	average	nestling	pe-
riod	of	16.6	days	 coincides	 in	general	with	data	 reported	 for	
other	North	American	popula?ons	(Prui(	2000);	however,	the	
average	 nestling	 period	we	 found	was	 shorter	 than	 the	 19.1	
days	reported	by	Posadas-Leal	et	al.	(2010)	from	another	Mex-
ican	 popula?on	 breeding	 in	 a	 similar	 semiarid	 agricultural	
landscape.

Our	focal	popula?on	showed	marked	seasonality	in	breed-
ing,	 occurring	 from	March	 through	 May	 coinciding	 with	 the	

Table	1.	Breeding	traits	of	the	Lake	Cuitzeo	popula?on	of	Loggerhead	Shrike	Lanius	ludovicianus,	from	2007	to	2009.	Values	are	mean	±	standard	devia?on.	
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dry	season.	We	found	no	evidence	that	rainfall	affected	clutch	
ini?a?on	as,	in	both	2008	and	2009,	shrikes	begun	clutches	in	
the	absence	of	precipita?on.	Nonetheless,	combined	with	oth-
er	 environmental	 factors	 such	 as	 temperature,	 rainfall	might	
influence	 the	 ?ming	 of	 breeding	 by	 affec?ng	 the	 amount	 of	
food	 available	 for	 reproduc?on	 (but	 see	 Borgman	 &	 Wolf	
2016).	Although	we	did	not	measure	food	availability	directly,	
breeding	of	shrikes	in	our	study	site	appears	to	match	the	?me	
when	food	was	most	plen?ful	to	feed	nestlings	(Salgado-Or?z	
et	al.	2009).	Par?cularly,	at	our	study	site	grasshoppers	are	an	
agricultural	pest	that	are	abundant	at	the	end	of	the	rain	sea-
son	(October–November),	con?nuing	throughout	the	dry	sea-
son	 towards	 the	 end	 of	 March	 when	 Loggerhead	 clutches	
were	more	numerous	 (Figure	 3).	Grasshoppers	 and	other	 in-
sects	are	common	prey	for	Loggerhead	Shrikes,	especially	dur-
ing	the	breeding	season	(Yosef	2020).	Further	research	is	nec-
essary	 to	determine	whether	 this	 connec?on	between	 inver-
tebrate	 abundance	 and	maximum	 number	 of	 clutches	 holds	
true.	

The	combined	hatching	success	of	72.3%	obtained	for	the	
three	 years	 is	 high	 but	 less	 than	 that	 found	 in	 Florida	 (87%;	
Yosef	2001).	Failure	of	eggs	 to	hatch	was	mostly	a(ributable	
to	preda?on.	Infer?lity	of	8%	is	comparable	to	values	at	higher	
la?tudes	 (9.6%)	 for	155	species	of	birds,	where	different	 fac-
tors	have	been	suggested	to	affect	egg	fer?lity,	including	rain-
fall,	temperature,	food	availability,	or	the	par?cipa?on	of	only	
one	parent	in	a	nest	(Koenig	1982).	Preda?on	was	the	top	fac-
tor	to	affect	the	fate	of	the	eggs,	resul?ng	in	18%	of	lost	eggs	
and	 35.7%	 of	 the	 total	 of	 nest	 failure.	We	 documented	 one	
case	 of	 parasi?sm	 by	 Red-eyed	 Cowbird	Molothrus	 aeneus,	
but	 this	 nest	 was	 predated	 before	 the	 subsequent	 visit;	 al-
though	 parasi?sm	 events	 are	 unusual,	 nest	 parasi?sm	 in	
shrikes	has	been	reported	before	(Degeus	&	Best	1991).	

The	 combined	 nes?ng	 success	 for	 the	 three	 years	 was	
64.3%	(nests	where	at	 least	one	young	fledged),	close	 to	 the	
higher	 values	 reported	by	Prui(	 (2000)	 that	 ranged	between	
25–72%,	 comparable	 to	Colorado	 shrikes	at	66.2%	 (Porter	et	
al.	1975),	 less	 than	 reported	 for	Missouri	with	87.5%	 (Kridel-

baugh	1983),	and	in	between	values	reported	for	Illinois	(50–	
100%;	 Chabot	 et	 al.	 2016).	 Es?mated	 nest	 survival	 of	 55.3%	
based	on	the	Mayfield	method	was	less	than	that	found	in	an	
Ontario	 popula?on	 at	 98%	 (Chabot	 et	 al.	 2001),	 but	 higher	
than	the	reported	26%	in	Illinois	(Walk	et	al.	2006).	The	rate	of	
daily	 nest	 survival	 (0.749)	 es?mated	by	 the	 logis?c	 exposure	
method	 in	 our	 popula?on	 cannot	 be	 compared	 with	 other	
studies	as	relevant	data	using	the	same	method	in	other	popu-
la?ons	are	not	available.		

The	 landscape	 structure	 and	 rain-fed	 agriculture	 in	 our	
study	site,	featuring	bare	fields	and	isolated	trees	and	shrubs	
where	 shrikes	 nest,	 provide	 an	 op?mal	 habitat	 for	 breeding	
Loggerhead	 Shrikes	 in	 Michoacán. Nonetheless,	 we	 found	
higher	nest	 failure	 in	nests	 closer	 to	 fencerows	 compared	 to	
those	 farther	 away	 in	 isolated	mesquite	 patches.	 If	we	 com-
bine	this	observa?on	with	the	fact	that	we	witnessed	isolated	
trees	being	 cut	down,	 the	 lack	of	 substrates	 for	nes?ng	may	
pose	 an	 imminent	 threat	 and	 underlie	 popula?on	 declines	
(Smallwood	 &	 Smallwood	 2021).	 Although	 studies	 of	 this	
species	are	scarce	for	Mexico,	unlike	USA	and	Canada,	Logger-
head	Shrike	popula?ons	appear	to	be	experiencing	significant	
declines	throughout	the	southern	con?nental	range,	including	
the	 region	 where	 we	 conducted	 our	 study	 (Berlanga	 et	 al.	
2010,	Fink	et	al.	2022).	To	be(er	understand	the	situa?on	 in	
Mexico,	we	must	replicate	such	demographic	and	distribu?on-
al	studies	across	different	geographical	regions	of	the	country	
and	in	different	habitats.
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