
	
PCAS	19	(2016/2017)	

	
Supervised	Project	Report	

(ANTA604)	
	
	

Weddell	Seal	Count:	A	Zooniverse	Project	
	

Name	Stuart	Grayson	
	

Student	ID:	82649150	
	

	
Word	count:		6900						(excluding	abstract	and	references	and	appendix)	
	
Abstract:	
There	is	currently	debate	about	the	impacts	of	commercial	fishery	for	Antarctic	toothfish	
(Dissostichus	mawsoni)	in	the	Ross	Sea	upon	the	ecosystem	as	a	whole	and	upon	Weddell	
seals	(Leptonychotes	weddellii)	in	particular.	Weddell	seals	lose	a	lot	of	weight	during	the	
breeding	season,	and	the	very	high	energy	density	of	toothfish	compared	with	other	prey	
may	be	of	critical	importance	to	the	seals	as	they	seek	to	recover.	However,	there	are	many	
uncertainties	in	the	analysis,	both	in	the	proportion	of	toothfish	in	the	seals’	diet,	and	also	in	
the	number	of	seals	in	the	Ross	Sea	ecosystem.	
Satellite	images	have	been	used	to	attempt	to	measure	the	seal	population.	First	
comparisons	of	satellite	and	ground-based	counts	concluded	that	there	is	a	strong	
correlation	between	them	(LaRue	et	al.,	2011).	Ainley	et	al.	(2015)	used	satellite	counts	to	
conclude	that	the	Weddel	seal	population	has	declined	significantly	between	the	1960s	and	
2008-2012.	There	are,	however,	significant	weaknesses	in	the	existing	comparison	of	
satellite	and	ground-based	counts.	These	include	incomplete	knowledge	of	the	diurnal	cycle	
in	the	number	of	seals	hauling	out	onto	the	ice.	The	number	can	vary	by	a	factor	of	10	from	
trough	to	peak.	
In	this	project,	approximately	20’000	images	taken	automatically	by	ground-based	cameras	
at	10-minute	intervals	over	three	month	periods	in	2014	and	2015	are	used	to	investigate	
the	diurnal	rhythms	of	Weddell	seal	haul	out	at	Turtle	Island,	off	Ross	Island	in	McMurdo	
Sound	Antarctica.	The	extraction	of	seal	counts	from	the	images	will	be	undertaken	by	
volunteers,	working	on	the	citizen	science	hosting	platform	Zooniverse.org.	This	report	has	
been	written	prior	to	the	launch	of	the	project	Weddell	Seal	Count	on	Zooniverse.	The	
considerations	in	design	and	screenshots	of	the	development	site	are	presented.	Data	from	
the	PCAS	2014-15	“sealathon”	are	used	to	illustrate	how	the	results	from	Weddell	Seal	

Count	will	be	analysed.		
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Introduction	
Weddell	seals	(Leptonychotes	weddellii)	are	found	all	around	Antarctica,	with	McMurdo	
Sound	(77°S)	the	most	southerly	extent.	They	are	the	most	southerly	breeding	mammal	
(Stirling,	1969a),	and	in	contrast	to	other	southern	seal	species	they	live	preferentially	
within	areas	of	fast	ice,	that	is,	ice	that	is	fastened	to	land.	The	seals	haul	out	onto	the	ice	
surface	to	rest,	in	Spring	to	give	birth	to	and	nurse	their	pups,	and	in	January	to	March	to	
moult	prior	to	the	melt	of	the	sea	ice.	On	the	ice	they	are	safe	from	predators	such	as	Orca.	
Weddell	seals	make	use	of	tide	cracks	in	the	ice	near	headlands,	islands	and	glacier	fronts.	
They	have	protruding	canine	teeth	and	caniniform	(canine-like)	second	incisors	which	are	
used	to	maintain	holes	along	the	cracks	where	the	ice	is	much	thinner	than	elsewhere.	The	
ability	to	maintain	holes	deep	within	the	fast	ice	gives	Weddell	seals	access	to	the	water	to	
feed,	and	for	breathing	when	in	the	water	(Stirling,	1969c).The	wear	on	the	seals’	canine	
teeth	is	a	factor	that	limits	their	life	expectancy	(Stirling,	1969c).	
	
During	the	period	late	October	through	to	mid-December,	breeding	colonies	form	on	the	
ice,	with	mothers	nursing	their	pups	for	a	period	of	approximately	six	weeks	(Bryden,	Smith,	
Tedman,	&	Featherston,	1984).	Mating	takes	place	in	the	water	towards	the	end	of	the	
lactation	period.	Weddell	seal	females	are	to	a	high	degree	philopatric,	(K.	K.	Hastings,	
Testa,	&	Rexstad,	1999),	and	so	tend	to	return	to	their	birth-colony.	At	this	time,	males	
typically	remain	in	the	water	near	to	the	cracks,	patrolling	their	underwater	territory	and	
defending	their	access	to	females.	
	
During	January	and	February,	both	female	and	male	seals	haul	out	for	moulting,	increasing	
the	size	of	the	population	visible	on	the	ice.	
	
Data	on	local	populations	of	Weddell	
seals	are	few.	The	population	in	
McMurdo	Sound	is	one	of	the	best	
studied	over	a	long	period	of	time,	
(Wilson,	1907),	(Smith,	1965),	(Stirling,	
1969a),	(Kelly	K.	Hastings	&	Testa,	
1998),	(Cameron	&	Siniff,	2004),	
(LaRue	et	al.,	2011),	(Ainley,	Larue,	
Stirling,	Stammerjohn,	&	Siniff,	2015).	
Figure	1	taken	from	Smith	(1965)	
shows	his	study	area	for	eastern	
McMurdo	Sound,	also	known	as	
Erebus	Bay.	
	

Figure	1:	Study	areas	for	Weddell	seals	in	Eastern	
McMurdo	Sound,	(Smith,	1965)	

	



The	satellite	image	below	taken	from	LaRue	et	al.	(2011)	covers	the	areas	B	–	G	above,	and	
highlights	the	locations	of	Weddell	seal	colonies.	
	

	
	

Figure	2:	Satellite	image	of	eastern	McMurdo	Sound	(Erebus	Bay)	with	locations	of	seal	
colonies	(LaRue	et	al.,	2011).	

	
Mark-recapture	studies	were	initiated	in	the	1960s	(Smith,	1965),	(Stirling,	1969b),	(Siniff,	
DeMaster,	Hofman,	&	Eberhardt,	1977).	Between	1956	and	1984	Weddell	seals	were	
harvested	by	the	New	Zealand	and	US	Antarctic	programmes	to	feed	their	huskies	(Crawley,	
1978).	Crawley	(1978)	noted	that	the	population	appeared	to	fluctuate	around	a	stable	
number,	which	was	less	than	the	carrying	capacity	of	the	site.	Cameron	and	Siniff	(2004)	
investigated	the	population	dynamics	for	the	colonies	in	McMurdo	Sound,	with	the	aim	of	
understanding	the	importance	of	migration	between	colonies.	Figure	3	below	summarises	
their	model	estimates	of	the	male	and	female	populations	in	Erebus	Bay	between	1st	
October	and	15th	December	over	a	number	of	years.	
	
The	estimates	are	the	result	of	Jolly-Seber	(Jolly,	1965),	(Seber,	1965)	model	calculations,	
using	the	identification	of	tagged	seals	to	estimate	total	populations.	A	number	of	critical	
assumptions	are	required	for	the	models,	including	the	rate	at	which	tags	are	lost.	Thus,	
Cameron	and	Siniff	(2004)	disagree	with	the	earlier	findings	of	K.	K.	Hastings	et	al.	(1999),	
finding	higher	survival	rates,	and	therefore	less	migration	into	the	region	to	explain	
population	numbers.	
	



	
	
Figure	3:	Jolly-Seber	abundance	estimates	of	male	and	female	Weddell	seals	in	Erebus	Bay	

between	1st	October	and	15th	December	(Cameron	&	Siniff,	2004).	
	
It	is	important	to	note	that	the	period	of	year	covered	in	the	analysis	is	the	breeding	season,	
which	explains	why	there	are	many	more	females	on	the	ice	than	males.	The	authors	
assume	that	males	spend	more	time	in	the	water,	defending	access	to	the	colony	and	their	
territory	for	mating	purposes	(Cameron	&	Siniff,	2004).	Further,	it	is	clear	that	there	are	
large	annual	fluctuations	in	the	population	numbers,	but	that	the	declining	trend	in	the	
1970s	identified	by	Testa	and	Siniff	(1987)	due	to	harvesting	has	stopped	and	population	
numbers	are	relatively	stable	up	to	the	year	2000.	
	
Recently	concerns	have	been	raised	by	Ainley	et	al.	(2015)	that	populations	of	Weddell	seals	
along	the	Victoria	Land	coast	of	Antarctica	are	decreasing.	They	make	use	of	seal	counts	
from	the	period	1959	to	1968	and	compare	these	with	counts	made	using	satellite	pictures	
during	2008	–	2012.	They	analyse	historic	data	for	sea	and	fast	ice	along	the	Victoria	Land	
coast	and	conclude	that	changes	in	ice	extent	are	not	sufficient	to	explain	the	population	
decreases	they	measure.	Instead,	they	suggest	that	the	decline	in	numbers	is	more	likely	to	
be	due	to	an	altered	food	web,	highlighting	the	impact	of	industrial	fishery	upon	the	
Antarctic	toothfish	(Dissostichus	mawsoni),	which	is	an	important	part	of	the	Weddell	seal	
prey	(Ainley	&	Siniff,	2009).	Note,	however,	that	the	impact	of	commercial	fishery	upon	
toothfish	abundance	and	distribution	is	the	subject	of	an	on-going	debate	(Ainley	et	al.,	
2013),	(Hanchet	et	al.,	2015),	(Parker,	Mormede,	Devries,	Hanchet,	&	Eisert,	2016).	
	
The	conclusions	of	Ainley	et	al.	(2015)	rely	strongly	upon	the	use	of	satellite	images	as	a	
means	of	counting	seal	populations	on	the	ice.	Satellite	imagery	is	attractive	as	a	means	of	
gathering	data	from	large	areas	efficiently	and	cost-effectively.	The	logistical	issues	of	
ground-based	or	aerial	surveys	in	Antarctica	are	significant,	especially	given	the	wide	
distribution	of	the	colonies.	However,	some	care	is	required	in	the	analysis	of	the	satellite	
images	to	be	able	to	infer	information	regarding	seal	populations.	



LaRue	et	al.	(2011)	have	made	a	comparison	of	seal	numbers	obtained	from	satellite	images	
of	the	seal	colonies	in	the	McMurdo	Sound	area	with	ground-based	counts.	The	authors	
claim	a	high	degree	of	correlation	in	the	numbers,	concluding	that	satellite	counts	can	be	
used	with	confidence	to	gain	information	on	populations.	
	
LaRue	et	al.	(2011)	made	use	of	5	satellite	images	taken	between	2004	and	2009,	which	
provided	clear	views	of	the	study	area,	and	for	which	ground-based	counts	exist	for	
approximately	the	same	period.	They	make	the	assumption	that	the	ground-based	counts	
are	entirely	reliable,	assuming	that	the	counts,	which	took	place	between	10.00	and	18.00	
during	the	day,	missed	very	few	animals	on	the	ice.	However,	there	are	a	number	of	
weaknesses	in	the	analysis:	
	
• The	satellite	images	are	taken	at	one	instant	between	10.00	and	13.00	local	time.	The	

ground-based	counts	are	over	extended	periods,	and	up	to	6	days	prior	to	or	after	the	
satellite	image	was	taken.	

• Pups	were	excluded	from	the	ground-based	count	due	to	their	smaller	size.	It	was	
assumed	that	they	are	invisible	to	the	satellite	due	to	the	resolution	limit	of	
approximately	0.6m.	Pups	measure	on	average	approximately	120cm	at	birth,	and	after	
5	weeks	of	nursing	have	grown	to	approximately	150cm	on	average	(Bryden	et	al.,	
1984).	The	satellite	picture	on	10th	December	2007	is	late	in	the	breeding	season	and	it	
would	be	expected	that	a	high	proportion	of	pups	will	have	reached	a	size	of	150cm.	An	
adult	seal	measures	approximately	250cm	(Crawley,	1978),	so	that	there	is	scope	for	
confusion	of	pups	and	adults	in	the	satellite	images	late	in	the	breeding	season.		

	
The	numbers	of	seals	which	haul	out	has	a	strong	circadian	pattern.	Measurements	at	Pram	
Point	(in	front	of	Scott	Base)	by	Smith	(1965),	Stirling	(1969a)	indicate	a	peak	in	presence	
between	15.00	and	17.00	in	mid-February,	i.e.	during	the	moulting	season.	Siniff,	Tester,	
and	Kuechle	(1971)	have	established	a	peak	between	10.00	and	14.00	during	the	pupping	&	
breeding	season.	The	variation	between	minimum	and	maximum	numbers	can	be	a	large	
factor	(in	the	case	of	Smith,	the	figure	4	indicates	a	difference	of	a	factor	10	or	more).	
	

	
Figure	4:	Daily	rhythm	in	the	number	of	seals	lying	on	the	ice	at	Pram	Point	Smith	(1965)	



The	large	variability	in	numbers	depending	upon	the	time	of	day	means	that	it	is	important	
to	accurately	take	this	into	account	when	comparing	satellite	image	counts,	which	are	taken	
at	one	instant,	with	ground-based	counts,	taken	over	a	longer	period	and	therefore	
averaging	some	part	of	the	curve.	
	
In	this	project	we	seek	to	address	this	issue,	by	preparing	and	analysing	seal	counts	
captured	at	Turtle	Island	in	McMurdo	Sound	in	the	summer	seasons	2014-15,	and	2015-16.	
Pictures	were	taken	of	the	seals	gathered	around	the	tidal	cracks	at	Turtle	island	at	10-
minute	intervals	over	extended	periods	of	time.	These	data	can	be	plotted	and	compared	
with	tidal	data	and	solar	altitude	to	establish	if	one	of	these	is	the	main	driver	determining	
the	daily	rhythm	of	seals’	hauling	out.	Such	insights	would	provide	a	greater	understanding	
of	how	best	to	correct	the	results	of	satellite	counts	both	for	the	time	of	day	and	year.	
	
To	extract	the	seal	counts	from	the	approximately	20’000	images	captured	in	the	field,	it	is	
intended	to	make	use	of	the	capacity	and	interest	of	citizen	scientists.	A	project	“Weddell	

Seal	Count”	has	been	created	on	the	Zooniverse	platform	(Zooniverse.org),	which	already	
hosts	multiple	citizen	science	projects.	This	gives	access	to	a	set	of	tools	to	build	the	project	
website	and	allow	volunteers	to	straightforwardly	capture	their	counts.	It	also	provides	the	
science	team	standard	reports	with	the	results	of	the	counts.	The	Zooniverse	platform	is	a	
highly	successful	citizen	science	platform,	with	more	than	1’000’000	volunteers	in	2014	
(Tinati	et	al.,	2015),	which	should	facilitate	the	recruitment	of	sufficient	volunteers	to	
complete	Weddell	Seal	Count	in	the	space	of	a	few	weeks.	
	
This	paper	describes	the	set-up	for	the	Weddell	Seal	Count	project	together	with	the	plan	
for	its	launch.	The	launch	of	a	project	is	critical	to	its	success	(Tinati	et	al.,	2015)	and	for	this	
reason	it	was	decided	not	to	make	it	dependent	on	the	course	deadlines	for	PCAS.	Data	
from	a	previous	PCAS	seal	survey	are	used	to	demonstrate	the	type	of	analysis	to	be	
undertaken	upon	completion	of	the	citizen	science	project.	
	

Method	
This	study	uses	land-based	automated	camera	images	taken	in	two	directions	from	points	
on	Turtle	Rock,	McMurdo	Sound	to	investigate	the	daily	rhythm	of	the	seal	colonies	there.	
The	pictures	were	taken	were	taken	every	10	minutes	over	a	three-month	period	in	2014,	
and	again	in	2015.		
	
There	are	approximately	20’000	images.	The	count	of	the	seals	in	the	images	is	undertaken	
through	crowd-sourcing,	enlisting	volunteers	on	the	Zooniverse	platform	to	identify	seals	
and	mark	them.	Each	image	is	classified	by	multiple	volunteers,	until	a	limit	which	can	be	set	
by	the	project	is	reached	and	the	image	retired.	The	results	of	the	volunteer	classifications	
can	be	extracted	from	Zooniverse	through	reports	and	are	then	available	for	subsequent	
analysis.	
	
It	is	expected	that	the	Zooniverse	project	will	deliver	data	on	the	numbers	of	seals	on	the	
ice	at	10-minute	intervals	over	extended	periods	of	time.	These	data	can	be	plotted	and	
compared	with	tidal	movements	and	solar	altitude	to	establish	what	is	the	main	driver	
determining	the	daily	rhythm	of	seals’	hauling	out.		



Automated	seal	survey	data	capture	
	
Two	cameras	were	installed	on	
Turtle	Island,	each	pointing	in	the	
direction	of	cracks	in	the	sea	ice	
around	which	seals	haul	out.	

	
	 Figure	5:	Position	and	direction	of	cameras	on	

Turtle	Island	
The	cameras	(Canon	EOS	Rebel	XS)	
were	programmed	to	take	pictures	
(f16,	1/500s)	every	10	minutes.	
	

	
Figure	6:	Setting	up	the	cameras	

	
Pictures	were	taken	from	7th	November	through	to	15th	January	2014,	and	6th	November	to	
15th	December	2015.	
	
Using	Citizen	Science	to	count	seals	in	images	
The	results	of	the	field	work	are	in	the	form	of	approximately	20’000	pictures.	Extracting	
seal	counts	from	these	pictures	is	a	lot	of	work,	much	of	it	highly	repetitive.	In	recent	years	a	
number	of	online	citizen	science	platforms	have	emerged,	which	seek	to	facilitate	the	



engagement	of	volunteers	with	science	projects.	Zooniverse.org	is	one	of	the	biggest	and	
most	successful	of	these,	with	the	slogan:	People-Powered	Research.	It	provides	a	toolkit	
with	which	a	public	website	can	be	built	to	process	images,	video	or	audio	using	volunteers.	
Examples	of	projects	using	this	approach	include	analysis	of	galaxies	(galaxyzoo.org),	the	
search	for	unusual	events	in	Large	Hadron	Collider	detectors	(higgshunters.org)	and	Worm	
Watch	Lab	(wormwatchlab.org),	which	asks	volunteers	to	identify	video	sequences	in	which	
worms	lay	eggs.	Penguinwatch.org	asks	volunteers	to	identify	adult	penguins,	chicks	and	
eggs	in	pictures	taken	by	automated	cameras	in	colonies	in	West	Antarctica.	This	allows	
long-term	analysis	and	monitoring	of	penguin	colonies.	
	
The	project	Weddell	Seal	Count	has	been	set	up	on	the	Zooniverse	platform	with	the	
purpose	of	counting	seals	in	the	pictures	from	Turtle	Rock.	There	are	currently	
approximately	50	projects	on	Zooniverse.	This	highlights	that	the	Weddell	Seal	Count	project	
is	in	competition	for	access	to	the	so-called	“cognitive	surplus”	Shirky	(2010),	the	reasoning	
capacity	available	when	people	have	free	time	after	meeting	daily	obligations.	Wald,	Longo,	
and	Dobell	(2016)	highlight	that	the	design	of	online	citizen	science	projects	needs	to	ensure	
that	it	provides	features	that	will	promote	engagement,	effectiveness	of	the	effort	
expended	and	retention	of	volunteers.	
	
Tinati	et	al.	(2015)	have	made	an	analysis	of	the	projects	using	the	Zooniverse	platform,	and	
produced	a	number	of	“design	claims”,	which	they	suggest	are	important	to	the	success	of	a	
citizen	science	project.	The	table	below	summarises	some	of	the	key	design	claims,	and	how	
the	design	of	Weddell	Seal	Count	attempts	to	address	them:	
	
Design	Claim	from	Tinati	et	al.	(2015)	 Design	consideration	for	Weddell	Seal	

Count	

Participants	want	and	need	the	ability	to	
discuss	aspects	of	projects	and	tasks	

Make	use	of	the	Talk	feature	in	
Zooniverse,	which	provides	a	number	of	
discussion	boards	and	the	possibility	to	
send	images	to	a	board	for	follow	up	
with	the	science	team	

Standard	message	boards	work	well	for	small	
online	CS	communities	but	do	not	scale	well	

The	Zooniverse	platform	has	projects	
with	millions	of	images	and	100’s	of	
thousands	of	volunteers.	On	this	scale,	
Weddell	Seal	Count	will	be	a	small	
project.	

Granting	roles	and	privileges	with	experience	
can	motivate	contributors	to	effectively	
assume	community	leadership	and	
maintenance	roles	

This	assumes	that	the	project	has	a	long	
lifetime	and	that	building	a	community	
is	a	goal.		
Currently	Weddell	Seal	Count	intends	to	
process	the	fixed	number	of	images	
from	the	2014,	2015	field	trips.		
Building	and	retaining	a	community	will	
only	be	important	if	further	data	
capture	is	planned.	



Design	Claim	from	Tinati	et	al.	(2015)	 Design	consideration	for	Weddell	Seal	

Count	

Timely	support	from	science	team	members	is	
essential	to	enable	citizen-lead	discovery	

Regina	Eisert	and	Stuart	Grayson	are	
the	science	team,	and	will	plan	together	
their	support	just	after	the	launch	
period,	and	agree	responsibilities	for	
responding	subsequently.	

Designing	tasks	to	encourage	best	guesses	
avoids	the	don’t	know	trap	

Volunteers	are	asked	to	identify	sole	
adult	seals,	mothers	with	their	pups,	
and	sole	pups.	To	handle	difficulties	in	
identifying	clearly	a	sole	pup,	a	fourth	
class	of	“sole	seal”	has	been	included.	
Volunteers	do	not	have	the	choice	to	
say	“I	don’t	know”.	

Avoid	up	front	tutorial	in	lieu	of	in-task	
guidance	

When	volunteers	press	“Start”	on	
classification,	the	first	picture	is	loaded	
and	the	workflow	commences.	The	
tutorial	is	available	as	a	“pop-up”.	

Significant	proportion	of	users	left	within	first	
90	seconds	

This	means	that	there	should	not	be	a	
lengthy	introduction.	People	should	be	
able	to	start	as	soon	as	possible,	
maximising	the	chance	of	engaging	their	
interest.	

Interspersing	“gold	standard	tutorial	tasks”	
within	the	real	tasks,	and	using	these	to	give	
feedback	which	fosters	a	sense	of	
achievement.	
“Gold	standard	tutorial	tasks”	are	real	tasks	but	
with	tutorial	guidance	to	ensure	that	they	are	
executed	with	the	best	quality	possible.	Giving	
a	confirmation	that	the	“correct”	results	have	
been	achieved	boosts	confidence.	

Tinati	et	al.	note	that	this	approach	has	
been	successfully	used	in	“search”	type	
projects,	in	which	volunteers	need	to	
identify	a	sought-after	pattern.	Ensuring	
that	positives	already	recognised	are	
provided	to	other	volunteers	more	
frequently	than	random	maintains	
interest.	
In	Weddell	Seal	Count	all	images	are	
equally	valuable	and	the	task	
straightforward.	Thus,	at	least	in	the	
first	iteration,	it	is	not	expected	to	
include	any	“gold	standard	tutorial	
tasks”.	

Adding	context	to	task	adds	value	and	
improves	community	engagement.	
	

Zooniverse	provides	pages	on	the	
project	framework	to	describe	both	the	
research	and	the	team	involved.		
The	intention	is	to	write	material	with	
the	general	public	as	audience,	but	also	
giving	some	substance	for	the	informed	
amateur.		
Initial	draft	versions	have	been	written,	
but	need	to	be	completed	and	reviewed	
as	part	of	the	preparation	for	launch.	



Design	Claim	from	Tinati	et	al.	(2015)	 Design	consideration	for	Weddell	Seal	

Count	

Launch	performance	is	indicative	of	success.	
Pre-launch	PR	is	important	for	recruiting	
volunteers.		
	
Some	projects	on	Zooniverse	have	millions	of	
images,	and	Tinati	et	al.	report	on	examples	
that	have	used	television	programmes	as	
launch	vehicles	with	spectacular	responses	
(10’000’s	of	users	with	millions	of	
classifications	in	a	matter	of	days).	

Zooniverse	distributes	an	email	to	all	
volunteers	notifying	them	of	new	
projects.	
Weddell	Seal	Count	should	also	use	
existing	email-distribution	lists	for	
Gateway	Antarctica,	and	perhaps	also	
the	Antarctic	Society.	Publishing	the	
project	on	the	Gateway	Antarctica	
Facebook	page,	and	via	Twitter	feeds	
are	other	possibilities.		
An	outline	plan	for	the	launch	is	
presented	below.	

Multiple	factors	influence	perceptions	of	a	
project.		
• Interesting-ness	of	subject	(beauty	of	

photos),		
• Frequency	and	form	of	implicit	reward,	
• Speed	of	performing	the	task	helps	with	

accrued	sense	of	achievement.	

The	images	in	Weddell	Seal	Count	are	
not	particularly	aesthetically	pleasing	in	
themselves.	Interest	will	need	to	be	
awakened	through	background	
information	on	the	research,	possibly	
using	short	video-sequences	speeding	
up	the	sequence	and	highlighting	
movement	of	the	sun	and	the	cracking	
of	the	ice.	
The	project	should	show	a	volunteer	
how	many	classifications	he/she	has	
completed.	
Additional	material,	such	as	video	
sequences	under	the	water,	or	auditory	
recordings	of	seal	call,	are	available	
from	Regina	Eisert’s	field	trips.	It	is	
unclear	at	the	time	of	writing,	to	what	
extent	any	additional	form	of	reward	is	
required.		

	
	
The	discussion	boards	represent	an	important	tool	for	interaction	among	volunteers	
themselves	and	with	the	science	team.	Tinati,	Simperl,	Luczak-Roesch,	Van	Kleek,	and	
Shadbolt	(2014)	identify	the	roles	assumed	within	such	a	discussion	forum,	including	the	
important	case	of	volunteers	taking	on	the	role	of	moderator	in	discussion	forums.	They	
note	that	there	is	a	relatively	small	number	of	users	who	produce	the	majority	of	the	
content	on	the	discussion	forums,	and	it	is	they	that	form	the	project	community.	It	is	this	
group	that	we	will	seek	to	identify	and	engage	with	in	Weddell	Seal	Count,	potentially	using	
the	links	in	the	forum	to	provide	additional	material	as	rewards.	
	
The	science	goal	of	the	Zooniverse	project	is	to	deliver	high-quality	counts	of	the	seals	in	
each	image	over	the	entire	period	for	which	images	were	taken.	The	intention	is	to	analyse	
the	variability	in	the	numbers	hauled	out	over	time,	so	as	to	identify	daily	and	seasonal	



patterns,	and	to	test	the	dependency	of	the	numbers	upon	the	two	natural	rhythms	in	the	
environment,	namely	the	state	of	the	tide	and	the	altitude	of	the	sun.	It	is	also	the	intention	
to	provide	a	baseline	for	using	satellite	images	to	infer	the	size	of	local	populations.	To	
achieve	this,	it	will	also	be	important	to	understand	the	potential	impacts	of	the	growth	of	
pups	and	their	increasing	independence	from	their	mothers	during	the	breeding	season.	
Pups	grow	in	size	from	approximately	120cm	length	at	birth	to	150cm	after	5	weeks,	and	
mid-body	girth	of	67cm	to	109cm	for	males,	and	71cm		to	124cm	for	females	(Bryden	et	al.,	
1984).	These	changes	mean	that	while	initially	pups	may	be	invisible	on	satellite	images,	
within	a	few	weeks	they	are	likely	to	be,	especially	as	they	begin	to	move	separately	from	
their	mothers	in	and	out	of	the	water.	
	
The	images	obtained	in	the	field	are	of	a	high	quality,	and	allow	separate	identification	of	
mothers	with	their	pups,	adult	seals	and	pups.	Thus,	the	classification	workflow	in	Weddell	

Seal	Count	has	been	designed	to	request	volunteers	to	identify	these	three	groups	
separately.	A	fourth	classification	of	“sole	seal”	has	been	included	both	to	handle	
uncertainty	as	to	whether	a	shape	is	an	adult	seal	or	a	pup	and	to	avoid	a	“I	don’t	know”	
class	as	recommended	by	Tinati	et	al.	(2015).	
	
The	Zooniverse	platform	presents	to	volunteers	pictures	from	a	specified	data	set	in	a	
random	sequence.	To	improve	the	quality	of	the	counts,	multiple	volunteers	process	each	
picture	before	it	is	regarded	as	complete.	In	Weddell	Seal	Count,	the	preliminary	threshold	
for	retiring	pictures	is	set	to	16,	so	that	each	picture	will	provide	16	data	records	for	the	
numbers	of	mothers	&	pups,	adult	seals,	pups	alone	and	sole	seals.	The	high	number	of	
counts	per	picture	will	help	to	reduce	the	standard	error	on	the	data.	

Results	
This	section	provides	an	overview	of	the	content	and	design	of	the	Weddell	Seal	Count	

project	on	Zooniverse.org,	and	an	overview	of	the	plan	for	pre-launch	preparations.	The	
project	is	still	in	the	“development”	state.		It	was	decided	to	decouple	the	launch	from	the	
deadlines	of	the	PCAS	course,	because	of	the	importance	of	good	pre-launch	preparation	
and	the	likely	burst	of	activity	for	the	science	team	subsequent	to	launch.	
	
Weddell	Seal	Count	on	Zooniverse.org	
	
Figures	7	&	8	show	the	
appearance	of	the	
Weddell	Seal	Count	
project	in	the	project	
overview	on	
Zooniverse.org.	This	is	
likely	to	be	a	volunteer’s	
first	view	of	the	project.	
Penguin	Watch	included	
for	comparison.	 	

Figure	7:	Appearance	of	the	Weddell	Seal	Count	project	in	the	
project	overview	on	Zooniverse.org.	

	



Hovering	over	the	
picture	reveals	the	
strapline:	
	

	
Figure	8:	The	project	strapline,	seeking	to	awaken	interest	in	a	

few	words.	
	

The	home	page	of	the	project	is	displayed	in	figure	9.	
	

	
	

Figure	9:	The	home	page	for	Weddell	Seal	Count	
	
From	the	home	page,	pressing	“Get	started”,	or	“Classify”	in	the	menu	takes	the	user	into	
the	classification	workflow.	
	



	
	

Figure	10:	Start	of	the	classification	workflow	
	

	
	

Figure	11:	Overview	of	the	classification	workflow	in	the	Zooniverse	project	builder	
	
The	first	question	checks	that	the	image	is	clear	enough	to	be	of	value.	Upon	confirmation,	
the	volunteer	is	taken	to	the	heart	of	the	classification	with	an	image	and	the	instructions	as	
how	to	classify	the	seals	in	the	picture.	Using	the	controls	to	the	upper	right	of	the	picture,	
the	user	can	zoom	in	and	out,	pan	across	the	picture	and	if	necessary	reset.	Activating	one	
of	the	shapes	on	the	right	allows	the	user	to	draw	that	shape	onto	the	image.	The	platform	
records	the	numbers	of	each	type	of	shape	drawn,	and	it	is	these	data	that	are	provided	to	
us	through	reports.	
	
As	shown,	users	will	be	asked	to	distinguish	between	pups	on	their	own	and	adult	seals	on	
their	own,	with	a	separate	classification	as	“single	seal”	to	handle	the	case	“I	don’t	know”.	
The	effectiveness	of	having	4	classifications	will	be	one	of	the	focal	points	in	the	testing.	



	
	

Figure	12:	The	heart	of	the	classification;	identifying	seals	on	the	pictures	
	
The	volunteer	can	use	the	icons	at	the	bottom	of	the	picture	to	reverse	it	(i.e.,	view	as	a	
negative),	view	metadata	on	the	image,	add	the	image	to	personal	favourites	or	add	the	
picture	to	a	collection.	These	latter	functions	provide	the	volunteer	with	the	opportunity	to	
make	a	personal	copy	of	the	images.	In	other	Zooniverse	projects,	such	as	the	Galaxy	Zoo,	
some	images	are	intrinsically	beautiful	and	therefore	act	as	rewards	for	the	volunteers.	This	
is	not	expected	to	be	the	case	for	Weddell	Seal	Count,	and	it	is	an	open	question	as	how	to	
provide	pictorial	rewards	to	volunteers.	This	will	be	addressed	during	the	testing	activities.	
	
At	the	completion	of	the	classification	there	is	a	question	to	check	that	the	user	believes	
that	they	have	completed	the	count.	If	the	response	is	“No”,	then	the	classification	is	
ignored.	This	avoids	falsification	of	numbers	through	clearly	incomplete	counts.	
	

	
	

Figure	13:	Explicitly	checking	that	the	count	has	been	completed	



A	further	question	asks	if	the	volunteer	would	like	to	post	the	picture	on	the	discussion	
forum	and	pose	a	question.	The	actual	post	is	made	when	the	“Talk”	button	is	used	at	the	
end	of	the	classification	(figure	14).	
	

	
	
Figure	14:	At	the	end	of	the	classification	a	summary	is	presented	and	the	user	can	either	

move	to	the	next	image,	or	take	the	existing	image	to	the	discussion	board	“Talk”	
	
Pressing	“Talk”	creates	an	entry	on	the	discussion	forum	where	a	question	or	comment	can	
be	added,	and	a	discussion	thread	started	(figure	15).	
	

	
	
Figure	15:	The	discussion	board	allows	a	user	to	add	a	text,	asking	a	question	or	making	a	

remark.	Other	users	can	add	comments	and	contribute	to	the	discussion	thread.	
	



The	discussion	forum	allows	interaction	with	the	project	team.	The	Zooniverse	project	
builder	tool	allows	the	science	team	to	allocate	roles	such	as	“moderator”	to	users,	so	that	
an	emergent	community	structure	can	be	supported.	
	
The	“About”	menu	for	the	project	presents	information	on	the	research	goals	of	the	project	
and	on	the	team	involved.	Draft	versions	of	these	entries	are	shown,	but	will	need	further	
work	and	review	prior	to	testing	(figures	16	and	17).	
	

	
	
Figure	16:	A	first	draft	of	the	background	information	on	the	research	goals,	under	“About”	
	

	
	
	
Figure	17:	A	first	draft	of	the	background	information	on	the	science	team,	under	“About”	

	
	



Plan	for	the	launch	of	Weddell	Seal	Count	
The	following	is	an	overview	of	the	activities	still	to	be	undertaken	to	launch	and	run	the	
Weddell	Seal	Count	project.	
	
Activity	 Description/Comments	
Check	image	quality	
and	contents.	
Prepare	them	into	
datasets	with	a	
description	

Make	sure	that	all	the	images	show	the	seal	colonies.	Remove	
those	in	which	the	camera	was	being	tested,	or	reset,	or	
visibility	has	been	impaired	by	a	storm.	
Each	dataset	represents	a	unit	of	work	in	the	project	and	as	
such	provides	a	means	of	steering	progress.	Rather	than	
releasing	all	images	at	one	time,	feeding	them	through	in	blocks	
should	mean	that	we	get	some	completed	results	for	
images/data	sets	before	the	project	on	Zooniverse	has	
completed.	This	allows	us	to	learn	and	adapt	from	the	
experience	gained,	beyond	that	from	the	pre-launch	testing.	

Upload	images	and	
datasets	

The	images	need	to	be	uploaded	to	Zooniverse,	using	their	bulk	
load	capability.	

Complete	and	review	
project	descriptions	
and	background	
information	

The	current	texts	shown	in	the	screenshots	need	to	be	
completed,	reviewed	and	polished	prior	to	going	live.	

Request	project	
review	with	
Zooniverse	team	

This	review	will	focus	on	the	science	behind	the	project,	the	
prototype	of	the	website	that	has	been	created	and	the	
workflow	proposed.	The	team	has	experience	with	50+	projects	
and	it	is	expected	that	valuable	insights	will	be	provided.		

Revise	project	on	
basis	of	review	
feedback	

There	may	be	some	changes	suggested	to	workflow	or	
background	material.	

Test	project	with	
PCAS	and	Gateway	
Antarctica	volunteers.	

The	beta-test	with	volunteers	will	show	whether	or	not	the	
workflow	is	intuitive	and	the	tutorial	material	sufficient.	It	will	
also	allow	us	to	check	that	the	data	delivered	can	be	analysed	as	
expected.	

Prepare	project	
description	and	
motivation	for	pre-
launch	PR.	Agree	
channels	and	engage	
with	appropriate	
contacts	

These	brief	texts	with	images	will	be	important	to	generate	
early	interest.	
	
One	potential	channel	is	the	Gateway	Antarctica	Facebook	page.	

Agree	plan	for	
support	during	launch	
and	in	the	following	4	
weeks.	

Availability	of	the	science	team	to	respond	to	questions	and	
comments	raised	via	Zooniverse’s	Talk	is	recognised	as	critical	to	
success.	Regina	and	I	will	agree	timeslots	where	we	will	be	
actively	monitoring	Talk	and	responding.	A	first	suggestion	is	
that	there	are	slots	at	7.00am,	1.00pm,	6.00pm	and	9.00pm	and	
that	we	review	progress	on	a	daily	basis	initially,	and	
subsequently	every	3	–	4	days.	



Activity	 Description/Comments	
Fix	launch	date	 Agree	this	date	with	Zooniverse	team.	

The	science	team	needs	to	be	prepared	for	intense	early	activity	
if	the	launch	is	to	be	regarded	as	successful.		

	
	
	

	
	

Figure	18:	Initial	project	plan	for	launch	of	Weddell	Seal	Count	

Discussion	
It	is	not	possible	at	this	time	to	present	any	results	for	the	diurnal	patterns	identified	in	the	
data	from	Turtle	Rock	using	the	Zooniverse	project	Weddell	Seal	Count.	The	project	launch	
is	planned	to	follow	after	the	submission	deadline	for	this	PCAS	paper.	Instead,	this	section	
will	briefly	outline	the	intended	analysis	of	the	expected	data,	and	demonstrate	some	of	the	
issues	to	be	addressed	by	using	data	from	the	PCAS	2014-15	field	seal	survey	project.	
	
Using	Citizen	Science	to	count	seals	
We	have	planned	to	make	use	of	citizen	science	via	the	Zooniverse	platform	because	of	the	
extremely	labour-intensive	processing	required	to	extract	the	seal	counts	from	the	large	
number	of	images.	In	a	review	of	Zooniverse	projects	and	an	analysis	of	their	success,	Cox	et	
al.	(2015)	have	shown	that	citizen	science	provides	a	very	large	saving	in	terms	of	labour.	
The	authors	note	that	in	average	for	a	project,	it	would	have	taken	a	professional	37	years	
of	effort	to	classify,	while	the	average	project	duration	was	2.4	years.	
	
This	highlights	a	potential	misalignment	between	typical	Zooniverse	projects	and	Weddell	
Seal	Count.	It	is	expected	that	Weddell	Seal	Count	completes	within	a	very	limited	time	
frame,	of	perhaps	4	–	6	weeks.	Zooniverse	projects	are	typically	longer-lived,	with	a	
continuous	stream	of	data	being	fed	through	to	the	volunteers	for	processing.	In	our	case,	
there	are	datasets	for	two	years	and	currently	no	plans	to	generate	further	data.	Short-term	
projects,	are,	however,	not	unknown,	with	Simmons	(2017)	reporting	that	The	Andromeda	
Project	completed	in	4	weeks.	
	
Cox	et	al.	(2015)	report	that	on	average	a	volunteer	does	21	classifications,	which	would	
mean	that	Weddell	Seal	Count	needs	to	achieve	a	volunteer	count	of	1’000	–	1’200.	The	



authors	also	highlight	that	successful	projects	are	those	with	high	degrees	of	public	
engagement.	In	a	subsequent	publication,	however,	it	is	recognised	that	each	project	has	its	
own	goals	and	constraints,	so	that	success	has	many	different	forms	(Simmons,	2017).	
	
The	main	challenge	for	Weddell	Seal	Count	is	to	achieve	a	large	enough	recruitment	of	
volunteers,	together	with	active	and	responsive	support	from	the	science	team,	while	also	
recognising	that	the	primary	goal	is	to	obtain	the	seal	count	data.	The	development	of	an	
active	community	and	education	of	the	public	is	secondary.	It	is	difficult	to	gauge	in	advance	
the	attractiveness	of	the	subject-matter	and	the	effort	required	from	the	science	team	to	
encourage	and	support	volunteers.	
	
A	citizen	science	project	to	assess	Weddell	seal	populations	already	exists	on	the	Scientific	
America	platform.	The	research	team	Rotella,	Garrott,	and	Siniff	(2017)	provide	satellite	
images	and	a	tutorial	pack,	and	encourage	teachers	to	use	the	resources	in	class	and	return	
the	results	of	counts	by	email.	It	is	unclear	to	what	measure	this	activity	has	successfully	
been	carried	out	by	schools.	Figure	19	is	a	screenshot	of	an	image	from	Tent	Island	from	
27th	November	2010	provided	by	Rotella	et	al.	(2017).	A	large	zoom	has	been	applied	to	the	
picture,	and	it	can	be	seen	that	the	seals	are	at	the	limits	of	picture	resolution.	
	

	
	
Figure	19:	Satellite	image	(500	dpi)	of	Tent	island	from	Rotella	et	al.	(2017),	with	zoom	to	

allow	count	of	seals.	
	
This	example	illustrates	some	of	the	difficulties	involved	in	engaging	citizen	scientists	with	
the	satellite	pictures.	The	effort	to	count	seals	in	one	picture	is	very	substantial,	and	
technically	difficult,	because	it	involves	working	with	high-zoom,	while	also	keeping	track	of	
position	in	the	overall	picture.	There	are	only	a	small	number	of	images	to	process,	and	the	
lack	of	resolution	makes	it	difficult	to	make	any	emotional	connection	with	seals;	the	dots	
could	just	as	well	be	large	stones	on	the	ice.	Using	the	design	claims	from	Tinati	et	al.	



(2015),	we	can	conclude	that	these	images	are	not	good	candidates	for	processing	via	online	
citizen	science	platforms	such	as	Zooniverse.	
	
Diurnal	pattern	for	Weddell	seal	haul	out	
Haul	out	behaviour	in	Weddell	seals	is	recognised	to	be	seasonal.	During	austral	winter	
between	March	and	August,	haul	out	is	observed	to	be	predominantly	nocturnal	(Andrews-
Goff,	Hindell,	Field,	Wheatley,	&	Charrassin,	2010).	It	switches	to	diurnal	during	austral	
spring	and	summer,	linked	to	biological	events.	Similar	behaviour	has	been	observed	in	
crabeater	seals	in	the	West	Antarctic	Peninsula	(Burns	et	al.,	2004).		
	
During	the	breeding	season	(October	to	December),	mothers	haul	out	to	give	birth	and	to	
nurse	their	pups,	with	some	non-parous	females	and	males	also	observed	(Smith,	1965),	
(Stirling,	1969a),	(Cameron	&	Siniff,	2004).	The	number	of	seals	on	the	ice	show	a	strong	
diurnal	rhythm.	Siniff	et	al.	(1971)	have	established	a	peak	between	10.00	and	14.00	during	
the	pupping	&	breeding	season.		
	
During	the	moulting	season	(January	to	March),	the	total	numbers	hauling	out	increase,	as	
all	adult	animals	are	involved.	Measurements	at	Pram	Point	(in	front	of	Scott	Base)	by	Smith	
(1965),	Stirling	(1969a)	indicate	a	peak	in	presence	between	15.00	and	17.00	in	mid-
February	(see	also	Figure	4).	Andrews-Goff	et	al.	(2010)	suggest	that	numbers	peak	in	mid-
afternoon,	because	skin	temperature	is	raised	and	this	aids	efficient	moulting	and	recovery.	
This	is,	however,	based	upon	theoretical	calculations	of	heat	transfer	and	observations	in	
harbour	seals	in	Massachusetts,	and	should	be	investigated	further.	
	
This	project	has	captured	data	during	the	breeding	season.	At	this	time,	it	is	unclear	
whether	the	driver	for	hauling	out	is	related	to	the	tides	or	to	the	height	of	the	sun.	
Incoming	tides	bring	fresh	nutrients	and	may	be	the	trigger	for	a	return	to	the	water.	The	
longer-term	data	set	to	be	processed	in	Weddell	Seal	Count	should	allow	a	separation	of	the	
tidal	and	solar	cycles	as	discussed	further	below.	
	
The	Zooniverse	Weddell	Seal	Count	project	should	deliver	a	count	for	“mothers	&	pups	
together”,	adult	seals,	pups	alone	and	single	seals	for	each	image,	which	was	taken	at	a	
specified	location	on	Turtle	Island	and	defined	time.	It	should	be	possible	to	plot	the	data	
for	one	location	against	time	over	the	period	from	November	through	December	for	2014	
and	2015.	These	curves	can	be	compared	with	the	tidal	and	solar	altitude	rhythms	during	
the	period,	with	the	goal	of	identifying	correlations	between	one	or	other	of	the	rhythms.	
Some	care	will	be	necessary	since	the	number	of	seals	hauling	out	tends	to	increase	during	
the	breeding	season,	as	shown	by	Smith	(1965)	for	Turtle	Rock	in	1963	-	see	Figure	20.	
	



	
Figure	20:	Number	of	seals	hauling	out	at	Turtle	Rock	in	the	breeding	season	1963,	(Smith,	

1965)	
	
PCAS	2014-2015	“sealathon”	data	from	3rd	to	9th	January	2015	can	be	used	as	an	example	of	
the	initial	analysis	to	be	carried	out	with	the	results	of	Weddell	Seal	Count.	Seals	hauled	out	
onto	the	ice	at	Pram	Point	were	counted	from	a	vantage	point	on	the	Scott	Base	to	
McMurdo	Road	(15	metres	to	the	right	of	the	top	of	the	Hilary	Track).	Note	that	this	survey	
was	carried	out	in	January,	and	is	therefore	more	closely	associated	with	the	moulting	
rather	than	the	breeding	season-	see	figure	21,	(Smith,	1965).	
	

	
Figure	21:	Increase	in	haul	out	numbers	at	Pram	Point	during	the	moulting	season	(Smith,	

1965).	
	
Figure	22	plots	the	results	for	the	average	number	of	seals	observed	during	the	PCAS	2014-
15	“sealathon”	against	two	potential	natural	rhythms	in	the	environment,	namely	the	
altitude	of	the	sun,	and	the	height	of	the	tide.		
	



	
	

Figure	22.	Results	from	PCAS	2014-15	“sealathon”	compared	with	the	tides	and	solar	
elevation.	

	
Peaks	in	the	count	of	seals	seem	to	align	with	the	maxima	in	solar	altitude.	However,	the	
also	align	with	the	times	of	low	tides.	Note	that	there	is	only	one	tide	per	day	at	Scott	Base	
(see	Appendix	1),	and	that	the	high	tide	occurs	very	close	to	midnight	throughout	the	period	
of	the	“sealathon”.	The	low	tide	coincides	with	the	highest	point	of	the	solar	cycle,	so	that	
solar	and	tidal	rhythms	are	indistinguishable	during	this	period.	It	will	only	be	possible	to	
separate	these	two	potential	drivers	using	data	covering	a	far	longer	time	period.	As	shown	
in	Appendix	1,	this	means	a	period	of	several	months	so	that	there	are	sufficient	dates	when	
the	low	tide	diverges	from	mid-day	and	solar	peak.	The	long-term	data	from	Turtle	Island	
taken	over	two	years	should	provide	sufficient	data	to	resolve	the	question.	
	

Conclusions	and	Outlook	
The	ability	to	monitor	population	development	of	Weddell	seals	in	the	Ross	Sea	will	be	of	
increased	importance	in	future.	Is	it	important	to	ensure	that	there	are	no	adverse	impacts	
of	the	toothfish	fishery	on	the	seal	populations	(Ainley	et	al.,	2015),	(Salas	et	al.,	2017).	The	
impacts	of	commercial	fishing	on	toothfish	abundance	and	distribution	is	currently	a	matter	
of	some	debate	with	contradictory	data	(Ainley	et	al.,	2013),	(Eisert,	Pinkerton,	Newsome,	&	
Oftedal,	2013),	(Parker	et	al.,	2016).		
	
The	recent	agreement	to	establish	a	Marine	Protect	Area	(MPA)	in	the	Ross	Sea	(CCAMLR,	
2016)	will	also	require	mechanisms	to	be	put	in	place	to	determine	an	initial	baseline	and	
subsequently	monitor	ecosystem	health	using	a	number	of	“sentinel	species”,	such	as	
penguins,	orca	and	Weddell	seals.	
	
Satellite	or	aerial	imagery	has	the	potential	to	provide	a	cost-effective	and	efficient	means	
to	capture	repeated	snapshots	of	population	numbers	during	austral	spring	and	summer,	



i.e.	in	the	periods	in	which	there	is	daylight	and	the	breeding	and	moulting	biological	events	
take	place.	However,	care	is	needed	to	infer	population	numbers	which	are	comparable	as	
part	of	long-term	monitoring.	The	effects	of	the	large	variability	in	numbers	hauled	out	with	
the	time	of	day	need	to	be	taken	into	account	when	deriving	numbers	from	an	
instantaneous	satellite	snapshot.	It	is	also	important	to	understand	how	the	physical	growth	
of	pups	impacts	the	numbers	counted	on	satellite	images	as	they	become	large	enough	to	
cross	the	threshold	of	resolution.	
	
This	project	seeks	to	provide	further	insight	into	the	diurnal	pattern	of	haul	out	during	the	
breeding	season,	and	to	understand	the	coupling	of	the	rhythm	to	environmental	clocks	in	
the	form	of	tidal	movements	or	solar	peak.	It	is	clear	that	the	patterns	of	haul	out	for	
Weddell	seals	vary	throughout	the	year.	This	project	focuses	upon	the	breeding	season,	and	
will	seek	to	assess	the	relevance	of	pup	growth	as	the	season	progresses.	A	further	avenue	
to	explore	is	the	diurnal	rhythm	during	the	moulting	season,	testing	the	suggestion	by	
Andrews-Goff	et	al.	(2010)	that	the	maximum	in	solar	radiation	is	the	most	important	factor.	
	
The	use	of	citizen	scientists	to	process	the	large	number	of	images	taken	at	Turtle	Rock	is	an	
integral	part	of	the	project.	While	the	website	for	Weddell	Seal	Count	has	been	created	on	
the	Zooniverse	platform,	the	project	has	not	yet	been	launched	at	the	time	of	writing.	Tinati	
et	al.	(2015)	and	Cox	et	al.	(2015)	highlight	the	importance	of	the	launch	to	the	success	of	a	
project	on	Zooniverse.	The	launch	needs	to	be	well-prepared	and	requires	availability	of	the	
science	team	to	answer	questions,	since	the	discussion	boards	play	a	major	role	in	engaging	
with	and	retaining	volunteers.	This	will	be	scheduled	outside	the	constraints	of	the	PCAS	
timetable,	using	the	plan	presented.	
	
In	general,	it	is	to	be	expected	that	in	the	medium	term,	the	use	of	citizen	scientists	for	
image	processing	is	likely	to	change	as	automation	based	upon	deep	learning	algorithms	
become	more	and	more	available.	A	future	direction	for	this	research	project	on	Weddell	
seals	could	be	the	use	of	the	processed	and	validated	images	as	the	benchmark	to	train	a	
deep	learning	algorithm.	This	would	allow	more	efficient	analysis	of	similar	data	captured,	
for	example,	during	both	the	breeding	and	moulting	seasons.		
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Appendix	1:	Tides	in	McMurdo	Sound	
	
Tides	in	the	Ross	Sea	differ	starkly	from	those	with	which	we	are	familiar	in	New	Zealand	(D.	
G.	Goring	&	Pyne,	2003),	(Padman,	Erofeeva,	&	Joughin,	2003).	Around	New	Zealand,	tides	
are	driven	by	the	moon’s	gravity	and	are	semi-diurnal,	meaning	that	there	are	two	high-
tides	within	a	24-hour	period.	Such	tides	are	labelled	as	M2	(with	M	=	“moon”,	and	“2”	for	
twice	a	day)	a	convention	introduced	by	George	Darwin,	Charles	Darwin’s	son.	The	high	tide	
occurs	every	12	hours	and	24	minutes,	so	that	the	time	of	the	high	tide	gets	later	from	day	
to	day.	
	
There	are,	however,	other	components	of	tidal	forces	which	are	related	to	the	fact	that	the	
moon’s	orbit	is	at	an	angle	to	the	plane	of	Earth’s	rotation.	This	means	that	the	moon	moves	
from	29.1°N	of	the	Equator	to	29.1°S	with	a	periodicity	of	13.66	days,	and	the	associated	
tidal	effects	are	labelled	K1	and	O1	(diurnal	declinational	tides).	Note	that	these	have	a	high	
tide	once	a	day	(diurnal	tides).	
	
Figure	23	shows	the	amplitude	of	these	tidal	components	at	latitudes	from	New	Zealand	to	
84°S	(D.	Goring,	2017).	At	New	Zealand	latitudes,	M2	is	the	component	with	the	largest	
amplitude	and	so	dominates	tides,	giving	semidiurnal	(twice	daily)	tides.	However,	at	77°S,	
the	latitude	of	Scott	Base,	M2	is	weaker	than	either	of	the	other	components,	and	it	is	they	
that	dominate.	The	detailed	prediction	of	the	tides	in	the	Ross	Sea	is	highly	complicated.	
The	CATS	model,	developed	by	Padman	et	al.	(2003)	provides	predictions,	making	use	of	
satellite	altimetry	data	to	model	topography.	The	result	is	that	the	tides	at	Scott	Base	are	
diurnal	(once	a	day),	and	exhibit	a	13.66	day	periodicity.	See	Figure	24	for	a	graphical	
representation	using	data	from	LINZ	(2017).	
	

	
	
	

Figure	23:	The	change	in	strength	of	tidal	components	with	latitude	(D.	Goring,	2017)	



	

	
	
	
Figure	24:	Tidal	height	at	Scott	Base,	November	and	December	2014	(calculated	using	tables	

from	LINZ	(2017)	
	

The	table	below	shows	the	times	of	lowest	tides	during	November	and	December	in	2014	
(LINZ,	2017).	They	all	occur	in	mid-afternoon.	It	can	be	seen	that	there	is	no	clear	
progression	of	the	time	of	the	low	tide	in	contrast	to	the	semi-diurnal	tides	of	New	Zealand.	
	

Date	and	Time	 Tidal	height	
7/11/14	15:15	 1.5	
8/11/14	15:44	 1.5	
9/11/14	16:15	 1.5	
10/11/14	16:41	 1.5	
22/11/14	14:21	 1.5	
23/11/14	14:44	 1.5	
24/11/14	15:15	 1.4	
25/11/14	15:51	 1.4	
26/11/14	16:28	 1.4	
27/11/14	17:03	 1.5	
5/12/14	14:34	 1.5	
6/12/14	14:59	 1.5	
7/12/14	15:28	 1.5	
8/12/14	15:56	 1.5	
9/12/14	16:17	 1.5	
20/12/14	13:38	 1.5	
21/12/14	14:01	 1.4	
22/12/14	14:35	 1.4	
23/12/14	15:15	 1.4	
24/12/14	16:00	 1.4	

	


