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ABSTRACT 
	

Soft	release	techniques,	whereby	individuals	are	allowed	to	acclimate	to	an	area	

while	contained	in	protected	enclosure	prior	to	full	release,	are	frequently	employed	

with	the	intention	of	improving	outcomes	in	introductions	of	species	to	parts	of	

their	historic	range	from	which	they	have	been	extirpated.	However,	the	

effectiveness	of	soft	release	techniques	is	difficult	to	quantify.	This	study	compared	

the	growth	rates	of	soft	and	hard	released	individuals	in	a	founder	population	of	

captive-raised	northwestern	pond	turtles	(Actinemys	marmorata)	introduced	into	a	

restored	urban	lake	in	the	Presidio	of	San	Francisco,	California.	The	soft	release	

treatment	group	was	held	in	the	study	lake	in	an	enclosed	pen	for	several	days	and	

provisioned	with	food	prior	to	full	release.	The	hard	release	group	was	placed	

directly	into	the	lake	with	no	acclimation	period.	Body	mass	and	carapace	length	

measurements	were	taken	immediately	prior	to	release,	and	for	approximately	five	

months	following	release,	turtles	were	recaptured	and	measured	to	determine	

growth	rates.	Hard	release	turtles	were	found	to	grow	significantly	more	quickly	

than	soft	release	turtles	both	in	mass	and	carapace	length.	However,	maternal	ID	

had	a	much	larger	effect	on	growth	rates	than	all	other	measured	effects	combined.	

The	results	of	this	analysis	demonstrate	that	soft	release	may	not	be	necessary	or	

appropriate	for	the	release	of	captive-raised	northwestern	pond	turtles.	
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INTRODUCTION 
	

The	reintroduction	of	declining	reptile	and	amphibian	species	to	parts	of	

their	native	range	from	which	they	have	been	extirpated	can	be	a	valuable	tool	for	

maintaining	the	species’	viability	in	the	face	of	continuing	threats.	Past	attempts	at	

reintroduction	have	had	mixed	results,	with	some	successes	and	many	failures	

(Dodd	and	Seigel	1991).	However,	success	rates	have	improved,	and	reintroductions	

have	been	used	both	to	supplement	existing	populations	that	are	declining	and	to	

establish	new	wild	populations	in	numerous	reptile	and	amphibian	species	

(Germano	and	Bishop	2009).	In	most	species	of	herpetofauna,	juveniles	experience	

the	highest	rates	of	mortality	of	any	life	stage	due	to	predation.	To	mitigate	this,	

reintroduction	programs	often	employ	head	starting	techniques,	in	which	young	

individuals	are	reared	in	captivity	and	only	released	once	they	attain	a	size	and	age	

that	affords	them	resistance	to	predation.	

In	addition	to	head	starting,	many	reintroduction	programs	incorporate	soft	

release	techniques,	wherein	animals	translocated	to	new	habitats	are	temporarily	

contained	in	a	protected	enclosure,	often	incorporating	food	provisioning,	to	allow	

them	time	to	acclimate	to	their	new	surroundings.	Few	direct	comparisons	of	soft	

releases	to	hard	releases	in	reptiles	have	been	documented,	though	one	study	

showed	higher	fidelity	to	relocation	sites	in	soft-released	gopher	tortoises	

(Gopherus	polyphemus)	(Tuberville	et	al	2005).	Movement	away	from	the	relocation	

area	has	been	cited	as	the	primary	cause	of	failure	in	reptile	reintroductions	

(Germano	and	Bishop	2009).	Animals	often	immediately	leave	the	habitat	into	
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which	they	have	been	translocated	and,	if	it	is	close	by,	return	to	their	habitat	of	

origin.	In	cases	where	the	habitat	of	origin	is	not	close	by	(such	as	in	captive-reared	

animals),	individuals	may	still	evacuate	the	reintroduction	site	and	wander	into	

adjacent	areas	where	food	and	refugia	are	not	available.	Stamps	and	Swaisgood	

(2007)	proposed	that	dissimilarity	in	environmental	cues	between	the	new	habitat	

and	the	animals’	natal	habitat	or	the	captive	environment	in	which	they	were	reared	

is	the	primary	motivation	for	dispersal.	Soft	release	techniques	may	provide	a	

solution	to	this	problem.	

Reintroductions,	even	those	incorporating	head	starting	and	soft	releases,	

are	not	likely	to	be	sufficient	as	long-term	means	of	sustaining	threatened	

populations,	due	to	the	high	level	of	human	effort	and	resource	use	required	to	

maintain	these	programs.	Additionally,	simply	repatriating	individuals	into	formerly	

occupied	parts	of	a	species’	range	does	not	address	the	underlying	factors	that	

extirpated	the	species	from	the	area	in	the	first	place.	Habitats	may	be	degraded	

from	their	former	condition	making	them	unsuitable	for	the	species.	Predation	or	

competition	by	non-native	introduced	species	may	be	too	intense	to	allow	for	a	

population	to	persist,	or	the	species	may	suffer	from	exploitation	and	disturbance	

by	humans	(Geurts	1999).	Reintroductions	that	do	not	resolve	these	problems	have	

a	low	likelihood	of	establishing	populations	that	are	viable	in	the	long	term.	To	that	

end,	the	study	system	used	for	this	project	was	a	restoration	site	that	has	

specifically	addressed	these	issues.	

This	study	tested	the	effects	of	soft	release	techniques	on	the	growth	rates	of	

a	founder	population	of	northwestern	pond	turtles	(Actinemys	marmorata)	that	



	

	 3	

were	released	into	a	restored	urban	lake.	The	northwestern	pond	turtle	and	the	

closely	related	southwestern	pond	turtle	(Actinemys	pallida)	are	the	only	freshwater	

turtle	species	native	to	California.	Both	species	are	designated	as	Species	of	Special	

Concern	by	the	California	Department	of	Fish	and	Wildlife	(Jennings	and	Hayes	

1994)	owing	to	observed	population	declines	over	80	percent	of	their	combined	

range	(Holland	1994).	Habitat	loss,	alteration,	and	fragmentation	have	been	

implicated	as	the	primary	causes	of	the	observed	declines	(Bury	et	al.	2012).	Growth	

rates	were	used	as	a	metric	for	comparison	in	this	study	because	faster	growth	may	

confer	a	number	of	benefits	to	individual	fitness.	Northwestern	pond	turtles	are	

known	to	be	preyed	upon	by	several	carnivorous	mammal	and	bird	species,	and	in	

general	more	species	prey	on	small	turtles	than	on	adults	(Holland	1994).	A	faster-

growing	individual	would	reach	a	larger	size	more	quickly,	likely	conferring	a	

greater	chance	of	survival	during	an	encounter	with	a	predator	attempting	to	bite	

through	or	otherwise	crack	open	its	shell.	Individuals	have	been	found	with	missing	

limbs	as	well	as	bite	and	scratch	marks	on	their	shells	(Holland	1994,	Bury	et	al.	

2012),	indicating	that	some	predation	attempts	are	survivable.	Northwestern	pond	

turtles	have	also	been	observed	to	have	aggressive	intraspecific	interactions	at	

basking	sites,	including	open-mouth	displays,	biting,	and	direct	displacement	of	

conspecifics	by	shoving	them	into	the	water	(Bury	and	Wolfheim	1973,	Bury	et	al.	

2012).	Larger	individuals	have	an	advantage	over	smaller	individuals	in	these	types	

of	aggressive	interactions	in	freshwater	turtles	(Lindeman	1999),	and	therefore	a	

faster	growth	rate	would	be	beneficial	in	competition	over	basking	sites.	A	positive	

correlation	between	carapace	length	and	clutch	size	in	female	northwestern	pond	
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turtles	has	also	been	observed	(Holland	1994),	meaning	that	a	more	rapid	growth	

rate	will	correspond	to	greater	reproductive	potential	over	time.	

The	study	site	for	this	project	was	Mountain	Lake,	a	naturally-occurring	

freshwater	lake	1.7	hectares	in	size	located	in	the	Presidio	of	the	City	of	San	

Francisco.	The	Presidio	is	incorporated	into	the	United	States	National	Park	

Service’s	Golden	Gate	National	Recreation	Area,	and	is	managed	by	the	Presidio	

Trust.	A	portion	of	Mountain	Lake’s	shoreline	is	open	to	the	public,	though	aquatic	

recreational	activities	such	as	fishing,	swimming,	and	boating	are	prohibited.	

Highway	1	runs	immediately	along	the	west	bank	of	the	lake,	and	a	golf	course	is	

present	immediately	to	the	east.	A	paved	walking	trail	runs	along	the	southern	and	

eastern	banks.	South	of	the	lake	are	a	public	playground	and	tennis	courts,	beyond	

which	lies	San	Francisco’s	densely	urbanized	Richmond	District	(Figure	1).	Due	to	

this	urbanization,	Mountain	Lake	and	the	rest	of	the	Presidio	are	entirely	isolated	

from	other	natural	habitats	elsewhere	on	the	San	Francisco	Peninsula.	
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Figure	1.	Aerial	photograph	of	Mountain	Lake	and	surrounding	area.	Yellow	line	
indicates	the	approximate	boundary	of	the	lake.	

This	site	has	been	highly	modified	by	humans	over	the	past	several	hundred	

years.	Although	Mountain	Lake	was	likely	utilized	as	a	source	of	fresh	water	by	the	

Ohlone	people	who	historically	inhabited	the	area	(Iversen	1989),	the	pace	and	

severity	of	habitat	modification	accelerated	rapidly	with	the	establishment	of	the	

Presidio	by	the	Spanish	in	1776,	the	subsequent	independence	of	Mexico	and	

occupation	of	the	site	by	Mexican	authorities	in	1821,	and	the	takeover	of	the	site	by	

the	United	States	military	in	1848	(Reidy	2001).	Arguably	the	most	significant	

human	modification	to	Mountain	Lake	occurred	in	1939,	when	approximately	40	

percent	of	the	surface	area	of	the	lake	was	filled	to	accommodate	the	construction	of	

Highway	1	along	what	is	now	the	west	bank	(Kennedy/Jenks	Consultants	2012).	In	
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the	decades	since	Highway	1	was	built,	road	runoff	drained	directly	into	Mountain	

Lake	causing	a	buildup	of	lead	in	the	sediment	due	to	the	historic	use	of	leaded	

gasoline.	Pesticide	residue	from	the	nearby	golf	course	was	also	found	

contaminating	lake	sediments.	The	harmful	effect	of	these	contaminants	on	wildlife	

was	demonstrated	in	1996,	when	lead	poisoning	was	confirmed	as	the	cause	of	

death	of	a	mute	swan	(Cygnus	olor)	that	resided	in	the	lake	(Reidy	2013).	

The	Presidio	was	an	active	military	installation	until	it	was	decommissioned	

in	1994	and	ownership	of	the	site	was	formally	transferred	to	the	National	Park	

Service,	which	initiated	a	major	environmental	remediation	effort	of	Mountain	Lake.	

Contaminated	sediments	were	dredged	and	removed	in	late	2013/early	2014,	and	

the	lakebed	was	recontoured	to	stabilize	the	submerged	banks	(Kennedy/Jenks	

Consultants	2012).	The	National	Park	Service	undertook	a	major	effort	to	remove	

non-native	species	from	the	lake	as	well,	trapping	and	removing	from	the	lake	

approximately	50	non-native	turtles,	most	of	which	were	red-eared	sliders	

(Trachemys	scripta).	Rotenone	was	applied	in	October	2014	with	the	goal	of	

eliminating	non-native	fish	entirely.	The	National	Park	Service	also	worked	to	

establish	native	submerged	aquatic	vegetation,	and	ultimately	to	reintroduce	native	

fish	and	wildlife	species	that	may	have	been	unable	to	thrive	in	the	lake	prior	to	

restoration.	The	contaminant	removal,	habitat	restoration,	and	removal	of	non-

native	species	were	intended	to	alleviate	many	of	the	stressors	caused	directly	or	

indirectly	by	human	disturbance.	The	Presidio	Trust	installed	a	wire-reinforced	

wildlife	exclusion	fence,	roughly	25	centimeters	in	height	with	the	top	angled	

downward,	in	the	uplands	around	the	entire	perimeter	of	the	lake	with	the	intention	
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of	preventing	the	newly	introduced	turtles	from	dispersing	away	from	the	site.	The	

availability	of	this	restored	aquatic	habitat	coupled	with	the	detailed	data	gathered	

on	each	turtle	as	part	of	the	head-starting	effort	created	a	unique	opportunity	to	test	

the	efficacy	of	reintroduction	techniques	of	northwestern	pond	turtles.	

METHODS 
	

The	northwestern	pond	turtles	used	for	this	study	were	collected	as	eggs	in	

the	summers	of	2012	and	2013	from	a	known	source	population	at	Boggs	Lake,	

located	in	Lake	County,	California,	approximately	125	kilometers	north	of	San	

Francisco.	The	eggs	were	collected	as	part	of	a	long-running	head-starting	project,	

wherein	turtles	were	raised	at	the	Oakland	and	San	Francisco	Zoos	for	

approximately	one	year	and	then	released	back	into	Boggs	Lake.	Permission	was	

obtained	from	the	California	Department	of	Fish	and	Wildlife	and	the	Presidio	Trust	

to	divert	a	portion	of	the	northwestern	pond	turtles	from	this	head-starting	project	

to	serve	as	a	founder	population	at	Mountain	Lake.	

Because	adult	females	at	the	Boggs	Lake	source	population	were	marked	and	

nesting	attempts	were	directly	observed	and	recorded	in	the	field,	the	maternity	

(referred	to	as	Maternal	ID)	of	each	individual	egg	was	known.	Nests	were	

excavated	and	eggs	were	collected	approximately	one	to	two	weeks	before	their	

expected	hatching	date.	The	eggs	were	then	incubated	in	the	lab	at	Sonoma	State	

University	until	hatching.	A	unique	identifying	number	was	assigned	to	each	

hatchling	based	on	hatching	order	and	denoted	with	notches	on	the	marginal	

carapace	scutes.	The	hatchlings	were	transferred	to	the	Oakland	and	San	Francisco	



	

	 8	

Zoos	for	rearing	between	2	and	5	weeks	after	hatching.	This	method	yielded	91	

turtles	in	2012	and	34	in	2013,	for	a	total	of	125.	At	approximately	8	to	9	months	of	

age,	each	turtle’s	sex	was	determined	by	zoo	veterinary	staff	using	an	endoscopic	

procedure	(method	described	in	Geist	et	al	2015)	that	allows	direct	observation	of	

the	gonads	in	the	body	cavity	while	the	turtle	is	sedated.	Passive	Integrated	

Transponder	(PIT)	tags	were	implanted	in	the	right	inguinal	region	during	the	

sexing	procedure.	Morphometrics	(body	mass,	carapace	length	and	width,	plastron	

length	and	width,	and	shell	height)	were	measured	monthly	in	the	zoos	to	track	

growth	rates	and	detect	any	notable	weight	loss	in	individual	turtles	that	could	be	

symptomatic	of	health	problems	requiring	veterinary	evaluation.	Despite	veterinary	

care,	5	individuals	died	of	various	health	issues	while	being	reared	in	the	zoos,	

leaving	a	total	pool	of	120	turtles	from	which	to	draw	the	Mountain	Lake	founder	

population.	

The	founder	population	was	comprised	of	54	turtles	(29	females	and	25	

males).	This	number	was	chosen	because	approximately	50	red-eared	sliders	had	

been	trapped	and	removed	from	Mountain	Lake	during	the	Presidio	Trust’s	non-

native	species	removal	effort,	and	it	was	therefore	reasonable	to	assume	that	

resources	in	the	lake	were	sufficient	to	support	a	population	of	this	size.	The	

founder	population	included	44	turtles	that	were	approximately	3	years	of	age	(25	

males	and	19	females	hatched	in	the	2012	season)	and	10	turtles	that	were	

approximately	2	years	of	age	(all	of	which	were	females	hatched	in	the	2013	season).	

The	founder	population	was	chosen	to	have	as	even	a	sex	ratio	as	possible,	and	to	

include	offspring	of	as	many	different	females	from	the	Boggs	Lake	source	
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population	as	were	available.	This	resulted	in	a	founder	population	representing	

offspring	from	27	different	source	population	females.	Some	female-female	siblings	

and	male-male	siblings	were	included,	but	female-male	sibling	pairs	were	excluded	

as	a	precaution	against	inbreeding.	Because	paternal	origin	and	relatedness	of	

maternal	females	in	the	source	population	was	unknown,	there	was	no	way	to	

ensure	that	individuals	related	at	the	half-sibling	or	cousin	level	were	excluded	from	

the	founder	population.	The	remaining	66	turtles	were	returned	to	Boggs	Lake	as	

part	of	the	head-starting	project	for	that	site.	

The	founder	turtles	were	released	into	Mountain	Lake	in	two	separate	

release	events	in	the	summer	of	2015.	The	release	was	split	into	two	events	because	

of	the	uncertainty	inherent	to	any	wildlife	introduction.	If	a	catastrophic	loss	

occurred	due	to	unforeseen	circumstances	after	the	first	release,	then	only	a	portion	

of	the	turtles	would	have	been	lost	rather	than	the	entire	founder	population,	and	

the	project	could	be	re-evaluated	or	halted	if	necessary.	The	first	event	occurred	in	

July	and	the	second	in	September,	each	including	a	soft	release	and	a	hard	release	

treatment	group.	The	July	Release	included	14	turtles	(9	males	and	5	females)	in	

each	treatment	group,	for	a	total	of	28	individuals.	The	July	Release	consisted	

entirely	of	same-sex	sibling	pairs	hatched	in	2012,	where	one	sibling	from	each	pair	

was	assigned	randomly	to	the	soft	release	treatment	and	the	other	to	the	hard	

release	treatment.	In	this	way,	the	July	Release	was	able	to	control	for	sex,	hatch	

year,	and	maternal	ID.	Because	the	complement	of	turtles	used	for	the	July	Release	

was	optimized	for	these	controls,	the	complement	of	turtles	remaining	for	the	

September	Release	was	less	able	to	be	organized	into	groups	that	provided	controls	
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in	the	same	fashion.	The	September	Release	included	9	turtles	(8	females	and	1	

male)	in	the	soft	release	treatment	and	17	turtles	(11	females	and	6	males)	in	the	

hard	release	treatment,	for	a	total	of	26	individuals.	The	September	Release	

included	16	turtles	hatched	in	2012	and	10	hatched	in	2013,	split	evenly	between	

the	treatment	groups.	The	number	of	turtles,	sex	ratios,	and	aspects	of	the	

complement	of	maternal	ID’s	of	the	treatment	groups	in	the	September	Release	

were	not	equal	because	administrative	reasons	necessitated	that	several	individuals	

being	cared	for	at	the	Oakland	Zoo	initially	intended	for	use	in	the	soft	control	

treatment	had	to	be	reassigned	to	the	hard	release	treatment	immediately	prior	to	

release.	

Combining	both	events,	the	soft	release	treatment	group	included	23	turtles	

(13	females	and	10	males),	and	the	hard	release	treatment	group	included	31	turtles	

(16	females	and	15	males).	The	release	included	44	turtles	hatched	in	2012	(~3	

years	of	age	at	release;	mean	body	mass=180.1	grams;	mean	carapace	length=103.1	

millimeters)	and	10	hatched	in	2013	(~2	years	of	age	at	release;	mean	body	

mass=125.4	grams;	mean	carapace	length=88.9	millimeters)	(see	Table	1).	
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Table	1.	Turtle	characteristics	by	release	category	

Treatment	 Total	
Sex	 Hatch	Year	 Release	Timing	

Female	 Male	 2012	 2013	 July	 September	

Soft	

Release	

23	 13	 10	 18	 5	 14	 9	

Hard	

Release	

31	 16	 15	 26	 5	 14	 17	

Total	 54	 29	 25	 44	 10	 28	 26	

	

To	facilitate	the	soft	release	of	turtles	into	Mountain	Lake,	a	soft-release	pen	

was	constructed	and	placed	in	shallow	water	on	the	west	bank	of	the	lake	(Figure	2).	

	

Figure	2.	Photograph	of	soft	release	pen	in	place	
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The	soft	release	pen	consisted	of	a	1.9-centimeter	(marketed	as	¾-inch)	

diameter	Schedule	40	PVC	pipe	frame	measuring	2	meters	by	2	meters	by	1.5	

meters	tall	that	was	fully	enclosed	on	all	sides	with	2.5	centimeter	mesh	dark	green	

flexible	plastic	garden	fencing	(Figure	3).	

	

Figure	3.	Schematic	diagram	of	soft	release	pen	frame	

Enclosing	the	pen	on	all	sides,	including	the	top	and	bottom,	was	necessary	to	

prevent	the	turtles	from	escaping	and	to	provide	protection	from	avian	predators	

such	as	herons	and	egrets.	The	fencing	was	secured	to	the	PVC	frame	with	UV-

resistant	cable	ties.	The	top	of	the	pen	was	removable	to	allow	access	to	the	interior.	

The	pen	was	placed	at	a	location	along	the	west	bank	of	the	lake	that	was	steeply	

sloped	and	densely	vegetated	with	willow	(Salix	sp.)	and	box	elder	(Acer	negundo)	
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trees.	The	pen	was	placed	approximately	2	meters	from	the	shore,	ensuring	that	it	

was	far	enough	from	the	vegetation	to	receive	sun	for	much	of	the	day	and	thereby	

provide	ample	opportunity	for	the	turtles	to	thermoregulate.	The	pen	was	anchored	

in	place	with	metal	t-posts	in	water	ranging	in	depth	from	73	to	92	centimeters.	

Cuttings	from	willow	trees	on	the	adjacent	bank	were	placed	in	the	fencing	to	act	as	

cover	and	attractants	for	invertebrates	that	could	serve	as	natural	prey	for	the	

turtles.	Driftwood	boards	and	floating	branches	were	placed	into	the	pen	to	serve	as	

basking	sites,	and	dirt	clods	were	added	to	create	a	more	natural	bottom	surface.	

The	soft-release	pen	was	placed	in	Mountain	Lake	in	early	May,	in	anticipation	of	

initiating	the	soft	release	in	July.	This	two-month	lead	time	was	intended	to	allow	

the	pen	to	acquire	the	scent	of	the	surrounding	water	and	to	facilitate	colonization	

by	potential	invertebrate	prey.	

All	turtles	were	fitted	with	Advanced	Telemetry	Systems	R1680	radio	

transmitters	in	the	zoos	between	six	and	two	days	prior	to	release	(into	the	pen	for	

soft	release	turtles	and	directly	into	the	lake	for	hard	release	turtles).	The	

transmitters	were	adhered	with	marine	epoxy	slightly	to	the	left	of	the	centerline	of	

the	carapace.	Turtles	were	weighed	before	and	after	attachment	to	determine	a	

precise	transmitter	weight	for	each	individual	that	could	be	subtracted	from	later	

mass	measurements.	All	turtles	were	photographed	from	a	dorsal	aspect	(carapace)	

and	ventral	aspect	(plastron)	after	transmitter	attachment	to	facilitate	later	visual	

identification.	Body	mass	and	morphometric	characters	of	the	soft	release	turtles	

were	measured	in	the	field	immediately	prior	to	being	placed	in	the	pen.	Hard	

release	turtles,	which	remained	in	the	zoos,	were	measured	the	same	day	to	
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establish	a	basis	for	comparison	over	the	period	of	time	when	the	soft	release	

turtles	were	in	the	pen.	Turtles	remained	in	the	soft	release	pen	for	17	days	during	

Release	1	and	14	days	during	Release	2.	Because	red	swamp	crayfish	(Procambarus	

clarkii)	were	prolific	and	readily	observable	in	Mountain	Lake,	several	crushed	and	

frozen	crayfish	that	had	previously	been	trapped	and	removed	from	the	lake	by	the	

Presidio	Trust	were	added	to	the	pen	on	the	assumption	that	this	would	familiarize	

the	soft	release	turtles	with	a	food	source	abundant	in	the	environment.	In	addition	

to	the	crushed	crayfish,	the	soft	release	turtles	were	provisioned	every	3	to	4	days	

with	pieces	of	mice	(pinkies),	a	food	they	had	been	regularly	provided	during	

rearing	at	the	zoos.	

Hard	release	turtles	were	weighed	and	measured	immediately	prior	to	

release	into	the	lake.	They	were	released	immediately	adjacent	to	the	soft	release	

pen,	after	which	soft	release	turtles	were	removed	from	the	pen	with	a	dipnet,	

weighed	and	measured,	and	released	at	the	same	location.	

Trapping	and	recapture	of	turtles	did	not	begin	until	20	days	after	the	July	

Release,	in	order	to	allow	them	to	acclimate	to	the	lake	and	begin	foraging	on	their	

own.	Trapping	began	on	August	7,	2015.	Three	double-throated	hoop	traps	were	

deployed	at	various	locations	around	the	lake	such	that	each	trap	was	mostly	

submerged,	leaving	a	gap	at	the	top	to	allow	any	trapped	turtles	access	to	the	

surface	for	breathing.	Hoop	traps	were	baited	with	commercially	available	cans	of	

sardines	in	soybean	oil,	which	were	perforated	to	allow	the	scent	to	permeate	the	

surrounding	area	without	providing	an	actual	food	reward	to	any	trapped	turtles.	

Two	basking	traps	were	also	deployed	concurrently	with	the	hoop	traps.	Traps	were	
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deployed	and	checked	once	daily	for	four	consecutive	days,	then	removed	from	the	

water	and	stowed	on	shore	for	three	consecutive	days	as	a	rest	period	in	an	attempt	

to	avoid	the	turtles	becoming	overly	acclimated	to	their	presence.	Traps	were	then	

re-deployed	in	different	locations	for	another	four	consecutive	days.	Occasionally	

trapping	periods	were	shorter	than	4	days	or	rest	periods	longer	than	three	days.	

Trapping	was	suspended	for	12	days	following	the	September	Release	to	allow	the	

newly	released	turtles	time	to	acclimate	to	the	lake.	Trapping	continued	until	

December	7,	2015.	

Captured	turtles	were	weighed	and	had	morphometrics	taken	in	the	field.	

Body	mass	was	measured	with	an	OHaus	Scout	Pro	SPE601	battery-operated	digital	

scale	accurate	to	0.1	gram,	and	straight-line	carapace	length	was	measured	using	

digital	calipers	accurate	to	0.1	millimeter.	Turtles	were	individually	photographed	

from	both	a	dorsal	and	ventral	aspect.	Following	processing,	turtles	were	released	

back	into	the	lake	at	the	point	of	capture.	Growth	rates	were	measured	using	two	

separate	metrics:	Percent	body	mass	change	per	day	since	release	(∆%M/day),	and	

percent	carapace	length	change	per	day	since	release	(∆%CL/day).	In	cases	where	a	

turtle	was	captured	multiple	times,	only	the	last	capture	was	used	in	the	analysis	(i.e.	

the	capture	farthest	in	time	from	the	initial	release),	giving	one	growth	rate	per	

turtle.	

Significance	in	statistical	tests	was	accepted	at	an	α	=	0.05.	JMP	Pro	version	

13	was	used	to	run	Linear	Mixed	Models	examining	the	effects	of	treatment	(Hard	

Release	or	Soft	Release),	sex	(male	or	female),	the	individual’s	Hatch	Year	(2012	or	

2013),	the	zoo	in	which	the	individual	was	reared	(Oakland	Zoo	or	San	Francisco	
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Zoo),	release	timing	(July	or	September),	maternal	ID	(included	as	a	random	effect),	

and	the	number	of	days	since	release	on	each	of	the	growth	metrics.	Effects	that	

were	found	to	be	not	significant	in	the	analyses	were	omitted	from	the	models.	

An	analysis	of	the	two	treatments’	mean	body	mass	and	carapace	length	

post-release	growth	rates	were	also	compared	to	six	mean	growth	rates	of	the	same	

individuals	taken	in	captivity	at	intervals	ranging	from	20	to	42	days	during	the	five	

months	prior	to	the	July	Release.	The	measurement	intervals	roughly	corresponded	

to	the	following	periods:	February,	March,	April,	Mid-May,	Late	May/Early	June,	and	

Late	June.	Means	for	the	seven	growth	rates	(six	captive	plus	one	post-release)	were	

compared	using	a	linear	mixed	model	that	included	individual	turtle	ID	as	a	random	

effect	to	determine	if	significant	differences	were	present.	A	post-hoc	multiple	

comparison	was	then	run	using	Student’s	t	test	with	the	post-release	growth	rate	set	

as	the	control	to	detect	significant	differences	from	the	six	captive	growth	rates.	

RESULTS 
	

Traps	were	deployed	for	a	total	of	49	days	during	the	period	from	August	7	to	

December	7,	2015.	There	were	a	total	of	193	trap-days	during	this	time	(baited	

hoop	traps	=	147	trap-days;	basking	traps	=	46	trap-days).	A	total	of	82	turtle	

captures	were	achieved,	with	40	out	of	54	individual	turtles	(74%	of	the	founder	

population)	being	captured	at	least	once.	80	of	the	captures	were	achieved	in	the	

baited	hoop	traps,	one	in	a	basking	trap,	and	one	as	an	opportunistic	hand-capture.	

The	basking	traps	were	considered	to	be	ineffective	after	46	trap-days	resulted	in	

only	one	capture,	and	their	use	was	discontinued	in	late	September.	One	captured	
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turtle	was	misidentified	and	not	properly	photographed	in	the	field,	making	positive	

identification	of	the	individual	impossible;	this	data	point	was	omitted.	26	out	of	31	

Hard	Release	individuals	(84%)	were	captured	at	least	once,	compared	to	14	out	of	

23	Soft	Release	individuals	(61%).	This	represented	a	marginally	significant	

difference	in	individual	capture	probability	between	the	two	treatments	(LR	X2=3.63,	

p=0.0569).	17	hard	release	individuals	and	7	soft	release	individuals	were	captured	

more	than	once,	and	the	greatest	number	of	captures	of	a	single	turtle	was	five.	

There	was	one	confirmed	mortality	when	a	soft	release	individual	was	found	

floating	dead	among	emergent	vegetation	on	the	margin	of	the	lake.	This	individual	

had	been	captured	in	a	hoop	trap	four	days	earlier	and	appeared	healthy	at	the	time	

of	release.	The	carcass	was	taken	to	the	San	Francisco	Zoo	for	evaluation,	but	a	

cause	of	death	was	not	determined.	

Based	on	measurements	taken	prior	to	and	just	after	transport	of	the	turtles	

from	the	zoos	to	the	lake	(into	the	pen	for	the	Soft	Release	treatment	and	directly	

into	the	lake	for	the	Hard	Release	treatment)	that	the	turtles	lost	a	substantial	

amount	of	mass	(mean=-2.15%	of	body	mass,	SD=1.6)	in	the	few	hours	during	

transport.	This	was	almost	certainly	due	to	voiding	of	the	bladder,	which	is	a	stress	

response	common	in	freshwater	turtle	species	(Bartlett	and	Bartlett	2003,	Ernst	and	

Lovich	2009).	Because	the	turtles	can	drink	water	from	the	lake	and	rapidly	re-gain	

the	body	mass	lost	through	voiding,	it	was	determined	that	using	an	immediate	

post-transport	body	mass	as	a	starting	point	from	which	to	measure	growth	rates	

was	not	appropriate,	as	this	measurement	would	be	artificially	depressed	and	

thereby	produce	growth	trajectories	that	were	improperly	inflated.	The	practical	
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result	was	that	while	the	Soft	Release	individuals’	growth	rates	were	measured	

beginning	from	the	point	at	which	they	were	released	out	of	the	pen	into	the	lake,	

the	rates	for	the	Hard	Release	individuals	were	measured	beginning	from	the	last	

time	they	were	weighed	in	the	zoos,	prior	to	transport.	This	measurement	occurred	

anywhere	from	two	days	to	less	than	an	hour	prior	to	transport.	

Percent	Body	Mass	Change	per	Day	

Hard	Release	turtles	grew	more	quickly	in	body	mass	(Least	Squares	

Mean=0.41%/day)	than	Soft	Release	turtles	(Least	Squares	Mean=0.22%/day)	(F1,	

13.91=15.48,	p=0.0015)	(Figure	4).	Turtles	in	the	July	release	gained	mass	at	a	greater	

rate	than	those	in	the	September	release	(F1,	26.12=9.08,	p=0.0057).	The	rate	of	body	

mass	increase	slowed	over	time	since	release	(F1,	16.54=8.39,	p=0.0103).	Maternal	ID	

accounted	for	85.24%	of	the	overall	variance	in	percent	body	mass	change	per	day	

in	this	model.	Sex,	zoo	of	origin,	and	hatch	year	were	not	significant	and	were	

omitted	from	the	model.	
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Figure	4.	Comparison	of	body	mass	growth	rates	of	soft	release	and	hard	release	
turtles.	Bars	indicate	standard	error.	

Percent	Carapace	Length	Change	per	Day	

Hard	Release	turtles	grew	more	quickly	in	carapace	length	(Least	Squares	

Mean=0.12%/day)	than	Soft	Release	turtles	(Least	Squares	Mean=0.07%/day)	(F1,	

12.49=48.26,	p<0.0001)	(Figure	5).	Turtles	in	the	July	release	gained	carapace	length	

at	a	greater	rate	than	those	in	the	September	release	(F1,	18.18=29.63,	p<0.0001),	and	

the	rate	of	carapace	length	growth	also	slowed	with	days	since	release	(F1,	

13.71=15.49,	p=0.0015).	Maternal	ID	accounted	for	93.13%	of	the	overall	variance	in	

percent	carapace	length	change	per	day	in	this	model.	Sex,	Hatch	Year,	and	zoo	of	

origin	were	not	significant	and	were	omitted	from	the	model.	
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Figure	5.	Comparison	of	carapace	length	growth	rates	of	soft	release	and	hard	
release	turtles.	Bars	indicate	standard	error.	

Comparison	of	Post-Release	to	Captive	Growth	Rates	

The	mean	post-release	body	mass	growth	rate	of	the	Soft	Release	turtles	

(n=14)	did	not	differ	from	the	monthly	growth	rates	taken	in	captivity	during	the	

approximately	five	months	prior	to	release	(F6,	78=1.6653,	p=0.1407;	Figure	6).	The	

mean	post-release	carapace	length	growth	rate	for	Soft	Release	turtles	was	found	to	

be	higher	than	three	of	the	six	captive	growth	rates	(linear	mixed	model	F6,	

78=3.1779,	p=0.0077;	Student’s	t	p<0.05	for	February,	Mid-May,	and	Late	June;	

Figure	7).		
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Figure	6.	Comparison	of	mean	post-release	body	mass	growth	rate	of	Soft	Release	
turtles	to	growth	rates	from	the	five	months	in	captivity	preceding	release.	No	
significant	differences	were	detected.	Bars	indicate	standard	error	means.	

	

Figure	7.	Comparison	of	mean	post-release	carapace	length	growth	rate	of	Soft	
Release	turtles	to	growth	rates	from	the	five	months	in	captivity	preceding	release.	
Student’s	t	p-values	relative	to	the	Post-Release	mean	growth	rate	are	shown	for	
each	month,	and	significant	results	are	marked	with	an	asterisk	(*).	Bars	indicate	
standard	error	means.	
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The	mean	post-release	body	mass	growth	rate	of	Hard	Release	turtles	(n=26)	

was	higher	than	all	of	the	previously	measured	captive	growth	rates	(linear	mixed	

model	F6,	150=7.1599,	p<0.0001;	Student’s	t	p<0.05	for	all	captive	growth	rates;	

Figure	8).	Similarly,	the	mean	post-release	carapace	length	growth	rate	of	Hard	

Release	turtles	was	higher	than	all	previously	measured	captive	growth	rates	(linear	

mixed	model	F6,	150=7.1606,	p<0.0001;	Student’s	t	p<0.05	for	all	captive	growth	

rates;	Figure	9).	

	
Figure	8.	Comparison	of	mean	post-release	body	mass	growth	rate	of	Hard	Release	
turtles	to	growth	rates	from	the	five	months	in	captivity	preceding	release.	Student’s	
t	p-values	relative	to	the	post-release	mean	are	shown	for	each	month.	Bars	indicate	
standard	error	means.	
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Figure	9.	Comparison	of	mean	post-release	carapace	length	growth	rate	of	Hard	
Release	turtles	to	growth	rates	from	five	months	in	captivity	preceding	release.	
Student’s	t	p-values	relative	to	the	post-release	mean	are	shown	for	each	month.	
Bars	indicate	standard	error	means.	

Although	the	site	was	surrounded	by	wildlife	exclusion	fencing,	one	turtle	(a	

male	from	the	July	Soft	Release	treatment)	was	found	by	National	Park	Service	

biologists	outside	of	the	fenced	area	in	April	of	2016,	several	months	after	this	

experiment	concluded.	The	individual	was	found	in	a	concrete	drainage	ditch	

connected	to	a	metal	culvert	that	ran	under	the	paved	trail	and	opened	on	the	other	

side	within	the	fenced	area,	functionally	serving	as	a	gap	in	the	fence.	Based	on	its	

location	within	the	ditch	and	its	proximity	to	the	culvert,	it	is	likely	that	this	

individual	travelled	through	the	culvert,	although	it	may	have	found	another	route	

out	of	the	fenced	area	and	subsequently	fell	into	the	ditch.	The	turtle	was	returned	

to	the	lake.	
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DISCUSSION 
	

In	a	captive-reared	population	of	northwestern	pond	turtles	released	into	the	wild,	

hard-released	individuals	grew	more	quickly	in	both	body	mass	and	carapace	length	

than	did	soft-released	individuals.	Soft	Release	may	not	be	necessary	or	appropriate	

for	the	introduction	of	captive-raised	northwestern	pond	turtles	into	the	wild.	There	

were	no	clear	explanatory	factors	observed	in	the	field	that	would	account	for	this	

disparity,	although	because	a	greater	proportion	of	Hard	Release	turtles	were	

captured	than	Soft	Release	turtles,	there	is	a	relative	paucity	of	data	on	the	growth	

of	the	Soft	Release	treatment.	The	fact	that	one	Soft	Release	turtle	was	found	outside	

of	the	wildlife	exclusion	fencing	after	this	study	concluded	demonstrates	that	

dispersal	away	from	the	site	was	possible,	at	least	in	a	limited	fashion.	However,	

while	this	study	did	not	include	analysis	of	movements	within	or	around	Mountain	

Lake,	the	fact	that	74%	of	the	founder	population	was	recaptured	in	the	months	

immediately	following	release	strongly	suggests	that	dispersal	away	from	the	

introduction	site	did	not	occur	on	a	large	scale.	However,	it	is	important	to	note	that	

these	results	may	not	be	applicable	to	the	translocation	of	wild	northwestern	pond	

turtles	from	one	habitat	to	another.	Unlike	wild	turtles,	captive-raised	individuals	do	

not	have	established	home	ranges	or	knowledge	of	suitable	habitats	elsewhere	to	

which	they	may	attempt	to	return,	particularly	if	translocated	over	a	short	distance.	

Even	if	Soft	Release	does	indeed	impart	a	disadvantage	to	growth,	it	may	still	be	a	

preferable	method	of	release	if	it	diminishes	the	risk	of	turtles	dispersing	from	the	

introduction	area.	
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In	addition	to	the	treatment,	the	turtles’	growth	rates	were	significantly	

influenced	by	the	fixed	effects	of	release	timing	(July	vs.	September)	and	the	amount	

of	time	since	release.	A	possible	explanation	for	the	faster	growth	rates	of	turtles	

released	in	July	is	that	warmer	temperatures	and	longer	periods	of	daylight	during	

mid-summer	allowed	for	higher	levels	of	foraging	activity	than	were	possible	in	

September.	This	may	also	explain	the	observed	slowing	of	growth	rates	as	time	

since	release	increased,	because	day	length	and	temperatures	decreased	as	the	

trapping	period	progressed	from	summer	into	late	fall.	

The	individual	turtles’	maternal	ID	had	a	far	greater	effect	than	all	of	the	

other	factors	combined.	Maternal	effects	on	hatchling	growth	rates	and	other	

phenotypic	variables	have	been	documented	in	other	turtle	species	(Brooks	et	al.	

1991,	Rhen	and	Lang	1995,	Steyermark	and	Spotila	2001,	Paez	et	al.	2009,	Mitchell	

et	al.	2015,	Geist	et	al.	2015),	but	this	is	the	first	time	that	these	effects	have	been	

demonstrated	in	northwestern	pond	turtles	in	a	wild	setting.	

The	specific	point	in	time	chosen	as	the	starting	point	for	measuring	body	

mass	growth	rates	was	highly	important,	because	transporting	the	turtles	caused	

them	to	void	their	bladders,	thereby	losing	a	substantial	amount	of	mass	that	would	

be	regained	in	a	very	short	period	by	drinking	water	in	their	new	environment.	

Using	a	post-transport	mass	as	the	starting	point	for	growth	would	have	

overestimated	the	turtles’	growth	rates,	which	in	this	experiment	would	have	biased	

the	results	for	the	Hard	Release	treatment.	Even	though	this	bias	was	corrected	for	

by	using	a	pre-transport	measurement	as	the	Hard	Release	turtles’	growth	starting	

point,	the	Soft	Release	turtles	were	still	found	to	grow	more	slowly.	This	disparity	
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between	the	treatment	groups	is	corroborated	by	the	identical	result	in	the	growth	

rate	of	carapace	length,	which	did	not	change	during	transport.	

The	turtles’	continued	growth	in	both	body	mass	and	carapace	length	after	

release	demonstrates	that	they	were	able	to	find	and	capture	prey	within	their	new	

environment.	This	is	especially	notable	because	they	were	raised	entirely	in	

captivity,	and	had	not	previously	had	to	actively	hunt	to	sustain	themselves.	The	

Hard	Release	turtles’	growth	rates	accelerated	after	release	compared	to	rates	

measured	in	the	previous	several	months	in	captivity.	Although	the	Soft	Release	

turtles	grew	more	slowly	than	the	Hard	Release	turtles,	they	still	gained	body	mass	

at	approximately	the	same	rates	after	release	as	they	had	in	captivity,	and	gained	

carapace	length	at	a	faster	rate	than	three	out	of	six	of	the	captive	measurement	

periods.	Informal	invertebrate	sampling	in	Mountain	Lake	prior	to	the	release	found	

low	species	diversity	but	an	abundance	of	red	swamp	crayfish,	which	was	the	most	

likely	prey	source	for	the	turtles.	The	abundance	of	this	prey	species	and	the	

absence	of	competition	from	other	aquatic	vertebrate	species	(i.e.	the	red-eared	

sliders	and	predatory	fish	which	had	been	removed	from	Mountain	Lake	during	the	

restoration	process)	may	have	contributed	to	the	observed	high	post-release	

growth	rates.	

Despite	the	turtles’	captive	rearing,	they	were	observed	to	be	wary	and	

averse	to	humans	during	the	trapping	period,	routinely	flushing	into	the	water	from	

basking	sites	upon	seeing	an	approaching	researcher.	Exceptions	to	this	were	

turtles	that	were	frequently	observed	basking	on	the	floating	portion	of	a	

permanent	seine	net	installed	a	few	meters	from	the	shoreline	at	the	publicly	
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accessible	beach	on	the	south	edge	of	Mountain	Lake.	Individuals	basking	here	

typically	did	not	flush	into	the	water	when	researchers	or	members	of	the	public	

remained	on	the	beach,	but	would	flush	if	someone	began	approaching	them	by	

walking	into	the	water.	This	suggests	that	the	turtles	became	habituated	to	the	

routine	presence	and	activity	patterns	of	humans	on	the	beach,	but	otherwise	

viewed	them	as	a	threat	and	acted	accordingly	by	escaping	into	the	water.	

Growth	of	released	individuals	can	be	viewed	as	necessary	but	not	sufficient	

to	achieve	success	in	a	reintroduction	project.	Bertolero	and	Oro	(2009)	consider	

individual	growth	as	a	partial	success	for	a	reintroduction	effort,	but	caution	that	

success	in	this	category	may	be	misleading	since	survival,	reproduction,	and	long-

term	self-sustaining	population	levels	are	the	ultimate	goals.	To	that	end,	the	results	

of	this	study,	although	generally	positive,	are	not	a	marker	of	final	success	for	this	

reintroduction	project.	Survival	rates	of	the	reintroduced	turtles	could	not	be	firmly	

ascertained	beyond	the	fact	that	74%	of	the	founder	population	was	recaptured	

within	four	months	following	release,	and	that	there	was	one	confirmed	mortality	

among	those	74%.	Long-term	monitoring	is	a	clear	necessity	for	any	reintroduction	

(Dodd	and	Seigel	1991,	Ewen	et	al	2012).	Mountain	Lake’s	location	within	a	U.S.	

National	Park	and	its	active	management	by	the	Presidio	Trust	provide	the	

conditions	under	which	such	long-term	monitoring	are	feasible.	Because	the	

reintroduction	of	northwestern	pond	turtles	is	part	of	the	overall	Mountain	Lake	

Restoration	project,	resources	will	continue	to	be	available	for	population	

monitoring	and	remedial	actions	if	necessary	to	support	long-term	success.	
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