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Counting	reproductive	organs:
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models



• Preliminary	case	study	in	Streptanthus tortuosus (California	jewelflower:	Brassicaceae)

• Buds,	flowers,	and	fruits:		how	we	count	‘em and	use	‘em

• Manuscript	in	progress	(Natalie	Rossington Love	&	Susan	Mazer)

• Other	ongoing	work	(Isaac	Park	&	Susan	Mazer)

Counting	reproductive	organs:
the	use	of	a	quantitative	phenological	index	in	pheno-climatic	

models

Natalie	LoveIsaac	Park



Distribution	of	Streptanthus tortuosus

Actual:	based	on	all	electronic	herbarium	
records	now	in	Consortium	of	California	
Herbaria

Specimens	analyzed
n	=	120



Bud

Open	flowers

Mature	fruits

Immature	fruits



Using	ImageJ and	its	“Cell	Counter”	plug-in:

Point-and-click	to	record	and	to	count	all	
visible	reproductive	objects:

Buds
Open	flowers
Immature	fruits	(or	spent	flowers)
Mature	fruits

Cell	Counter	provides	a	final	count	of	each	
class	of	reproductive	organs

These	counts	can	be	used	to	obtain	a	
quantitative	index	of	the	specimen’s		
phenological status	(wait for	it…)







Phenwhereological Index:

Phenological	Index:

Where:

p1 =	proportion	of	all	reproductive	organs	that	are	buds

1	=	score	of	buds

p2 =	proportion	of	all	organs	that	are	open	flowers

2	=	score	of	open	flowers

p3 =	proportion	of	all	organs	that	are	immature	fruits

3	=	score	of	immature	fruits

p4 =	proportion	of	all	organs	that	are	mature	fruits

4	=	score	of	mature	fruits



Phenwhereological Index:

Phenological	Index	(PI):

And:

PI	=	1	for	a	specimen	comprised	only	of	buds

PI	=	4	for	a	specimen	comprised	only	of	ripe	fruits
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Distributions	of	collection	date	and	phenological	
index	of	120	S.	tortuosus sheets
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No	surprise:		Specimens	collected	relatively	late	in	
spring/summer	are	phenologically more	advanced
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No	surprise:		Specimens	collected	relatively	late	in	
spring/summer	are	phenologically more	advanced
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Proportion	of	variance	in	DOY	explained	by	climate	
depends	on	whether	PI	is	included	in	linear	model

Error 
40.6% 

PI 
19.7% 

Spring 
Tmax 
38.2% 

Spring PPT 
1.4% 

Error 
53.3% 

Spring 
Tmax 
43.4% 

Spring PPT 
3.2% 

a. Model 1 
b. Model 2 

Without	controlling	for	
phenological	status

With	controlling	for	
phenological	status

Index:
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Proportion	of	variance	in	DOY	explained	by	climate	
depends	on	whether	PI	is	included	in	linear	model



Controlling	for	
phenological	

status

R2 =	0.58

Without	
controlling	for	
phenological	

status

R2 =	0.46



Upshot	for	S.	tortuosus

• Controlling	for	the	phenological	status	of	plants	
when	predicting	DoY from	climatic	conditions	
increased	R2 by	26%

• The	direction	of	the	effects	on	DoY of	spring	
Tmax and	spring	rainfall	remained	unchanged:	
– an	increase	of	1°C	advanced	DoY by	~5	days	
– an	increase	of	20	mm	rainfall	delayed	DoY by	1	day	

• Including	the	phenological	status	of	plants	in	
predictive	models	of	DoY (based	on	climatic	
conditions)	can	allow	a	new	type	of	practical	
prediction…..



Predictive	models

DOY	=	PI	+	a1Climate	Variable	1	+	a2Climate	Variable	2	+…..

• Including	the	PI	in	predictive	models	reduces	variance	
in	DOY	that	is	due	to	collecting	plants	at	all	stages	of	
reproduction.

• More	importantly,	this	kind	of	model	enables	us	to	
predict	the	DOY	of	plants of	a	specified	phenological	
status,	under	specified	climatic	conditions.

• In	other	words,	we	can	use	such	models	to	predict	the	
timing	of	specific	phenophases of	interest	under	
specific	climatic	conditions.



Also	in	the	works
• Collaboration	with	Isaac	Park,	using	~900,000	electronic	

records	of	specimens	filtered	for	presence	of	flowers

APPS,	in	review



Also	in	the	works
• Collaboration	with	Isaac	Park,	using	~60,000	electronic	

records	of	specimens	filtered	for	presence	of	flowers

GEB,	in	revision



Also	in	the	works

• Collaboration	with	Isaac	Park,	using	~460,000	electronic	
records	of	specimens	filtered	for	presence	of	flowers

Nature,	in	review
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Distribution	of	Streptanthus tortuosus

Actual:	based	on	all	electronic	herbarium	
records	now	in	Consortium	of	California	
Herbaria

Specimens	analyzed
n	=	120

S.	tortuosus

Darker	points	indicate	
specimens	that	are	

relatively	
phenologically

advanced	
(Stay	tuned)


