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Executive	Summary	
A	Fall	X2	Action,	intended	to	benefit	delta	smelt	by	increasing	outflow	through	the	
Sacramento-San	Joaquin	Delta	(Figure	ES-1)	in	years	with	greater	precipitation	in	the	
watershed	that	feeds	the	Delta,	wetter	years,	was	included	in	the	USFWS	2008	Biological	
Opinion	as	a	“reasonable	and	prudent	alternative.”	The	management	action	requires	
increases	in	outflow	through	the	Delta	during	September	and	October	of	wet	and	above-
normal	years.	A	similar	flow-enhancing	management	action,	but	with	differing	outflow	
targets,	was	included	in	the	operations	analyzed	in	the	2019	Biological	Opinion.	Those	Fall	
X2	Actions	have	been	controversial	since	first	being	implemented	because	of	their	
uncertain	conceptual	foundations,	their	large	water	costs,	and	the	difficulty	in	detecting	
benefits	of	the	management	actions	for	delta	smelt.		

We	reviewed	the	basis	for	the	original	Fall	X2	Action,	as	well	as	numerous	studies	since	the	
release	of	the	2008	Biological	Opinion	using	publicly	available	data	and	following	
standards	consistent	with	rigorous	effects	analyses	to	evaluate	the	effectiveness	of	the	
management	action.	More	than	a	dozen	studies	address	the	influence	of	flows	through	the	
Delta	in	the	autumn	on	the	performance	of	delta	smelt.	The	original	study	on	which	the	
action	relied	reported	a	population	benefit	to	delta	smelt	from	outflow	volumes	that	
position	the	low-salinity	zone	in	more	western	areas	of	the	upper	estuary	in	the	autumn	
(Feyrer	et	al.	2007).	That	study	was	flawed	in	that	it	attributed	the	population	benefits	to	
flows	in	the	fall,	without	considering	flows	in	the	subsequent	spring,	which	have	a	more	
significant	influence	on	abundance.	In	a	study	that	followed,	Feyrer	et	al.	(2011)	identified	
a	relationship	between	the	position	of	the	low-salinity	zone	and	the	abundance	of	delta	
smelt,	but	only	because	the	authors	included	data	prior	to	the	appearance	of	the	invasive	
Asian	clam	in	the	upper	estuary.	Since	that	mollusk	invasion	there	is	no	apparent	
relationship	between	the	study’s	constructed	habitat	index	and	the	abundance	of	delta	
smelt	in	the	autumn.	
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Figure	ES-1.	The	Sacramento	San-Joaquin	Delta	and	Suisun	Bay	

	

We	identified	just	one	study	that	appears	to	support	a	Fall	X2	management	action.	The	
other	studies	we	evaluated	either	did	not	support	the	action	or	did	not	include	analyses	
applicable	to	the	issue.	We	also	evaluated	seven	hypotheses	–	that	is,	justifications	for	the	
management	action	–	using	publicly	available	data	and	found	no	evidence	of	benefits	of	a	
Fall	X2	Action	to	delta	smelt	growth,	abundance,	survival,	recruitment,	food	supply,	or	
habitat	area,	nor	evidence	of	benefits	to	the	quality	of	delta	smelt	habitat.	The	weight	of	
evidence,	presented	here,	does	not	support	a	Fall	X2	Action.	

Historically,	Suisun	Bay	provided	high-quality	habitat	for	delta	smelt	in	the	autumn,	but	
since	the	invasion	of	the	Asian	clam	in	1986,	food	availability	in	Suisun	Bay	has	diminished.	
Certain	studies	have	found	that	enhanced	outflow	results	in	diminished	food	supplies	
downstream.	Increasing	outflow	in	the	autumn	without	enhancing	food	availability	will	not	
increase	the	extent	of	suitable	environmental	conditions	for	delta	smelt	in	Suisun	Bay.	
Suisun	Marsh,	the	Confluence,	and	lower	Sacramento	River	provide	conditions	that	are	
frequently	more	suitable	than	Suisun	Bay.	Importantly,	studies	that	have	identified	benefits	
to	delta	smelt	from	enhanced	outflow	in	the	autumn	did	not	consider	the	correlating	or	
overlapping	influence	of	spring	flows,	which	have	been	shown	to	generate	greater	benefits	
for	delta	smelt.		
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Best	professional	practice	criteria	in	an	adaptive	management	require	identifying	
performance	measures,	setting	quantitative	management	targets,	designing	monitoring	
programs	to	enable	the	effectiveness	of	management	actions	to	be	evaluated,	and	
periodically	reviewing	the	effectiveness	of	the	actions.	The	Fall	X2	Action	in	both	the	U.S.	
Fish	and	Wildlife	Service’s	2019	Biological	Opinion	(discussed	in	detail	below)	and	the	
State	of	California’s	Incidental	Take	Permit	left	those	essential	investigative	areas	
unaddressed.	It	is	imperative	that	conservation	managers	learn	from	the	actions	
implemented	and	adjust	them	to	make	them	more	effective;	or	if	they	are	not	effective,	to	
terminate	those	actions	and	focus	on	management	actions	that	are	effective.		

In	summary,	the	findings	presented	in	this	paper	indicate	that	Fall	X2	Action	was	based	on	
studies	with	technical	errors	and	since	its	implementation,	numerous	studies	have	
demonstrated	that	it	lacks	empirical	support.		
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Introduction	

“Several	flow-based	management	actions	were	established	in	the	mid-1990s,	
including	a	salinity	standard	based	on	these	flow	effects,	as	well	as	reductions	in	
diversion	pumping	during	critical	periods	for	listed	species	of	fish.	The	effectiveness	
of	these	actions	has	not	been	established.”	(Kimmerer	2002)	

Wim	Kimmerer’s	observation	two	decades	ago	is	mostly	still	true	today.	Several	of	the	
conservation	measures	that	have	been	implemented	to	protect	delta	smelt	remain	
contentious	due	to	uncertainties	surrounding	their	effectiveness.	Those	uncertainties	are	
due	in	large	part	to	a	lack	of	rigor	in	implementing	management	actions	in	an	adaptive	
framework	and	the	absence	of	a	thorough	effects	analyses	–	analyses	of	the	effects	of	the	
actions	–	to	provide	scientific	support	for	the	measures,	and	lack	of	targeted	effectiveness	
monitoring	of	the	action.		

Much	of	the	disagreement	surrounding	the	need	for	and	benefits	of	a	fall	outflow	action	
results	from	the	lack	of	a	rigorous	evaluation	of	the	ecological	costs	and	benefits	of	the	
action.	There	have	been	a	series	of	ad	hoc	studies	that	indirectly	address	the	action	in	
concept,	but	a	thorough,	structured	evaluation	akin	to	the	effects	analysis	required	to	
inform	adaptive	management	has	not	been	undertaken	(see	Murphy	and	Weiland	2011).		

Here	we	propose	a	framework	for	a	rigorous	evaluation,	the	minimum	standard	used	to	vet	
candidate	management	actions	using	prior	studies,	available	data,	and	modeling	as	
necessary.	We	provide	a	summary	of	the	origin	of	and	justification	for	a	fall	outflow	action,	
before	working	through	the	component	steps	required	for	an	evaluation	of	the	action,	
including	empirical	analyses	assessing	each	of	the	intended	benefits	of	the	action.	A	fall	
outflow	action	was	included	as	a	reasonable	and	prudent	alternative	in	the	2008	Biological	
Opinion	that	addressed	impacts	on	Central	Valley	Project	(CVP)	and	State	Water	Project	
(SWP)	operations	on	delta	smelt	(USFWS	2008).	The	2019	Biological	Opinion	incorporated	
a	“Delta	Smelt	Summer-Fall	Habitat	Action”	into	its	assessment	of	CVP	and	SWP	operations	
The	action	was	“intended	to	improve	delta	smelt	food	supply	and	habitat,	thereby	
contributing	to	the	recruitment,	growth	and	survival	of	delta	smelt.”1	It	included	extended	
operation	of	Suisun	Marsh	Salinity	Control	Gates,	food	enhancement	actions,	dissolved	
oxygen	monitoring,	and	a	fall	outflow	action	intended	to	“maintain	a	monthly	average	2	ppt	
isohaline	at	80km	from	the	Golden	Gate	Bridge	in	above	normal	and	wet	years	in	September	
and	October.”2		Despite	modifications	to	the	locations	of	the	2	ppt	isohaline	(the	X2	
standard)	to	be	achieved,	a	version	of	the	fall	outflow	action	persists	as	part	of	the	current	
set	of	management	actions	targeting	delta	smelt	and	its	habitat,	therefore	an	analysis	of	the	
effects	of	the	action	is	still	relevant.		

A	previous	draft	of	this	paper	was	reviewed	by	members	of	the	technical	working	group	of	
the	CSAMP3	Structured	Decision-making	Process	for	delta	smelt	being	led	by	Compass	
Resource	Management.		

	
1	USFWS	(2019)	p.164	
2	USFWS	(2019)	p.164	
3	Collaborative	Science	and	Adaptive	Management	Program	
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Necessary	elements	for	evaluation	of	actions	in	an	adaptive	management	
framework	

With	relatively	few	environmental	drivers	influencing	a	range	of	habitat	attributes	and	
many	ecological	responses,	it	is	not	surprising	that	the	many	environmental	factors	
(covariates)	that	may	affect	the	survival	and	recruitment	of	delta	smelt	are	correlated.	That	
makes	disentangling	factors	that	are	causal	from	those	that	are	merely	correlated	with	
causal	factors	a	challenging	task.	Incorrect	identification	of	causal	factors	can	confuse	
conservation	managers	and	confound	management	agendas	and	can	lead	to	misdirected,	
resource-intensive	management	actions	that	do	not	benefit	delta	smelt.		

A	structured	evaluation	of	the	effectiveness	of	candidate	actions	--	alternatively	referred	to	
as	effects	analysis,	risk	assessment,	and	ecological	cost-benefit	analysis	--	has	an	essential	
role	to	play	in	conservation	management.	First,	when	implementing	an	adaptive	
management	program	it	can	be	used	to	select	a	set	of	management	actions	from	a	larger	set	
of	candidate	actions.	The	term	effects	analysis	also	has	a	specific	legal	definition	–	it	is	used	
to	refer	to	an	analysis	of	the	effects	of	a	proposed	action	on	listed	species	and	designated	
critical	habitat	under	section	7(a)(2)	of	the	Endangered	Species	Act.	An	effects	analysis	is	
done	for	the	purpose	of	making	certain	agency	determinations	--	jeopardy,	adverse	
modification,	among	others	--	and	informing	an	incidental	take	statement.	An	analogous	
rigorous,	structured	process	can	be	used	to	evaluate	management	actions	after	
implementation,	consistent	with	an	ongoing	adaptive	management	program.	The	scope	of	
this	paper	is	limited	solely	to	this	latter	role.	True	adaptive	management	requires	a	
rigorous,	structured	process	to	evaluate	the	potential	ecological	effectiveness	of	an	action.	
Analyses	of	management	actions	rarely	are	rigorous,	often	because	of	time	or	other	
resource	constraints,	but	such	analyses	are	essential	to	reap	the	benefits	of	the	adaptive	
management	process.		

To	be	meet	scientific	standards	and	be	credible	and	rigorous,	analyses	to	evaluate	the	
effectiveness	of	candidate	management	actions	must	address	a	minimum	set	of	adaptive	
management	elements,	including	the	following:		

1) A	review	of	the	objectives	of	each	proposed	action		
a) Within	structured	decision	making	and	adaptive	management	processes,	

management	actions	should	be	implemented	with	a	specific	targeted	objective	for	
which	a	performance	metric	has	been	specified.	The	metric	should	be	spatially	and	
temporally	specific	so	that	the	success	of	the	action,	when	implemented,	can	be	
assessed.	The	objectives	of	the	actions	should	be	clearly	stated,	performance	
measures	articulated,	and	measures	of	success	specified	when	the	actions	are	
proposed	and	restated	in	the	effects	analysis	

b) A	summary	of	project	and	no-project	conditions	may	also	need	to	be	included	if	
relevant	to	the	analysis	
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2) A	review	of	the	biological	basis	for	the	action		
a) Identify	the	consistency	of	the	action	with	the	conceptual	ecological	model	upon	

which	the	action	was	based,	and	any	relevant	alternative	conceptual	models	that	are	
properly	developed	and	supported	by	available	data	

b) A	clear	description	of	the	habitat	that	supports	the	target	species,	its	dimensions	
and	diversity	

c) A	review	of	the	environmental	context	for	the	action	and	its	consistency	with	
ecological	theory	

d) A	description	of	the	ecosystem	that	supports	the	species	and	environmental	factors	
and	factor	conditions,	including	stressors	that	put	the	species	at	risk	

e) Specification	of	the	hypothesized	pathways	from	environmental	drivers	to	
ecological	the	implemented	action	to	the	species	response	

f) If	surrogates,	proxies,	or	indicators	were	used	in	the	development	of	the	action,	the	
analysis	should	include	a	discussion	of	the	validity/adequacy	of	the	use	of	those	
tools		

3) Use	of	best	available	data		
A	rigorous	effects	analysis	requires	use	of	the	best	scientific	and	commercial	data	
available	(as	directed	by	multiple	federal	and	state	laws)		
a) A	monitoring	program	should	have	been	developed	prior	to	the	implementation	of	

the	action	that	allows	for	the	effectiveness	of	the	action	to	be	evaluated.	Whatever	
the	reason,	if	the	effectiveness	of	the	action	cannot	be	assessed,	there	is	no	
possibility	of	implementing	it	in	an	adaptive	management	framework,	and	there	is	a	
real	question	as	to	whether	the	action	should	be	implemented	

b) The	analysis	should	use	the	full	range	of	applicable	data	that	are	available	or	
provide	a	clear	explanation	for	excluding	a	subset	of	the	data	(an	example	would	be	
introduction	of	a	new	species	into	the	ecosystem	leading	to	a	regime	shift	that	
provides	a	basis	for	excluding	data	prior	to	the	introduction).	Cherry-picking	data	
from	one	or	a	few	years	is	not	appropriate	since	it	ignores	certain	available	data,	
thus	can	bias	results	

c) Depending	on	the	action,	it	may	be	that	the	species	response	to	a	naturally	occurring	
phenomenon	may	be	different	than	a	response	to	a	directed	management	action;	
that	is,	the	response	to	a	naturally	occurring	pulse	flow	involving	flows	across	
floodplains	may	be	different	than	to	a	managed	pulse	flow,	wherein	water	is	
released	from	reservoirs.	If	this	is	a	concern,	the	monitoring	program	for	the	action	
should	be	designed	to	assess	the	differences.	If	the	monitoring	design	is	not	
established	to	assess	differences,	the	analysis	should	still	consider	if	data	exist	to	
distinguish	possible	differences	in	responses.		

d) The	analysis	should	include	a	discussion	of	quality-assurance	procedures	associated	
with	available	data		
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4) Consideration	of	an	appropriate	range	of	candidate	covariates		
a) Given	likely	correlations	among	candidate	covariates,	the	analysis	to	evaluate	the	

effectives	of	the	action	should	be	conducted	in	a	multivariate	framework.	That	
framework	should	consider	as	candidates	all	plausible	factors	influencing	survival	
and	recruitment,	for	which	data	are	available,	as	informed	by	the	conceptual	
ecological	model.	Single-factor	analyses	by	themselves	should	be	considered	as	
“necessary	but	not	sufficient.”	That	is,	single	factor	analyses	may	be	worth	
conducting	to	establish	if	there	is	any	relationship	between	the	covariate	and	the	
response	variable,	if	there	is	not,	a	lack	of	causation	should	be	inferred.	If	there	is,	
then	the	analysis	should	consider	a	wider	range	of	covariates	to	identify	those	
among	them	that	offer	the	best	explanation	of	variation	in	the	response	variable.	
Analyses	then	can	be	used	to	assess	if	the	candidate	covariate	in	question	is	
correlated	with	some	other	covariate	that	has	a	higher	correlation	and	is	more	
biologically	plausible	

b) The	exclusion	of	candidate	factors	with	data	that	are	available	in	the	conceptual	
ecological	model	will	not	produce	a	reliable	result.	For	example,	because	fish	need	
food	to	grow	and	survive,	efforts	seeking	to	explain	changes	in	fish	abundance	that	
exclude	food	when	such	data	are	available	are	incomplete	

5) A	review	of	existing	pertinent	analyses		
If	available	quantitative	models	provide	insight	into	the	effectiveness	of	the	
proposed	or	implemented	action,	the	analysis	should	include	a	review	of	those	
models,	with	a	discussion	of	the	relevance	and	rigor	of	the	models		

6) Quantitative	Assessment		
a) Wherever	data	and	resources	permit,	the	analysis	should	include	a	quantitative	

assessment	of	the	effectiveness	of	the	action	with	respect	to	predetermined	
performance	metrics.		

b) The	preferred	analytical	tool	is	a	properly	developed	(full)	life-cycle	model.	A	
limited,	less	than	complete	analysis	might	incorrectly	conclude	a	species	benefit	to	
an	action	where	a	benefit	in	one	life	stage	is	erased	due	to	a	limiting	factor	in	a	
subsequent	life	stage		

c) Any	quantitative	model	should	be	developed	employing	best	professional	practices	
(see	Swannack	et	al.	2012,	Rose	et	al.	2015)		

d) The	quantitative	modeling	effort	should	include	and	report:	
i) response	functions	that	are	plausible	
ii) documented	model	verification	and	validation	results	
iii) documentation	of	the	range	of	uncertainty	(confidence	interval,	model	standard	

deviations,	etc.)	
iv) reports	on	the	ability	of	the	model	to	replicate	historical	observations	inside	and	

outside	the	time	period	employed	in	the	model,	and		
v) the	assumptions	used	to	develop	the	model	together	with	a	discussion	of	their	

plausibility	
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7) Reassessment		
a) With	those	analyses	completed,	the	analysis	of	the	effectiveness	of	the	action	should	

make	a	finding	as	to	whether	the	implemented	management	action	is	likely	to	
achieve	its	objectives	within	an	acceptable	level	of	certainty		

b) If	the	finding	is	that	the	implemented	action	is	not	likely	to	achieve	its	objectives,	the	
effects	analysis	should	include	discussion	of	whether	the	objectives	can	be	achieved	
by	modifying	project’s	design	and	implementation		

c) If	a	conclusion	cannot	be	reached	due	to	insufficient	or	inadequate	monitoring	data,	
the	analysis	should	identify	the	additional	monitoring	information	that	is	needed	
and	adjustments	to	monitoring	protocols	necessary	to	achieve	it			

8) Scientific	review	
Analyses	and	reports	should	undergo	an	informal	or	formal	review	process	by	peers	
from	whom	comments	received	are	appended	with	responses	to	comments	provided	
(Murphy	and	Weiland	2019b)	

	

The	origin	of	and	justification	for	the	Fall	X2	Action	

In	1993	the	USFWS	listed	the	delta	smelt	as	threatened	under	the	federal	Endangered	
Species	Act.	Three	years	later	a	recovery	team	developed	a	recovery	plan	for	the	Delta’s	
native	fishes	including	delta	smelt.		

“The	basic	strategy	for	recovery	is	to	manage	the	estuary	in	such	a	way	that	it	is	a	better	
habitat	for	native	fish	in	general	and	delta	smelt	in	particular.	Improved	habitat	will	
allow	delta	smelt	to	be	widely	distributed	throughout	the	Delta	and	Suisun	Bay,	
recognizing	that	areas	of	abundance	change	with	season.”4	

In	its	2008	biological	opinion,	the	U.S.	Fish	and	Wildlife	Service	(the	Service)	included	a	
Reasonable	and	Prudent	Alternative	composed	of	multiple	components,	including	
Component	3	intended	to	improve	habitat	for	delta	smelt	“growth	and	rearing.”	The	action	
required	sufficient	Delta	outflow	to	maintain	monthly	average	X2	no	greater	[more	
eastward]	than	74	km	[from	the	Golden	Gate]	in	water	years	classified	as	“wet”	and	81	km	
in	water	years	classified	as	“above	normal.”5	The	Service	deemed	the	Fall	X2	Action	
necessary	because	operation	of	CVP	and	SWP	facilities	in	the	south	Delta	would	have	
“significant	adverse	impacts	on	X2,	which	is	a	surrogate	indicator	of	habitat	suitability	and	
availability	for	delta	smelt	in	all	years.”6	One	justification	then	for	the	Fall	X2	Action	is	that	
the	location	of	X2	in	the	estuary	is	a	proxy	for	the	extent	of	delta	smelt	habitat	and	that	as	
the	value	of	X2	increases	the	availability	and	suitability	of	delta	smelt	habitat	in	the	estuary	
decreases.	The	Service	stated	“This	[the	long-term	decrease	in	habitat	area	availability	for	

	
4	Moyle	et	al	(1996)	p.	29	
5	USFWS	(2008)	p.282	
6	USFWS	(2008)	p.373	
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delta	smelt]	alone	is	a	significant	adverse	effect	on	delta	smelt.”7	The	Service	also	indicated	
that	the	reduction	in	and	constriction	of	delta	smelt	habitat	--	attributable	to	an	increase	in	
the	monthly	average	location	of	X2	--	limits	the	distribution	of	delta	smelt	“mainly	to	a	core	
region	in	the	vicinity	of	the	Sacramento	and	San	Joaquin	Rivers	(Feyrer	et	al.	2007).”8	
Therefore,	a	justification	for	the	Fall	X2	Action	is	to	increase	the	spatial	(areal)	extent	of	
delta	smelt	habitat	and	accordingly	the	distribution,	of	delta	smelt.	The	Service	further	
suggested	that	“adverse	effects	on	adult	delta	smelt	during	fall	may	be	a	part	of	the	reason	
that	Feyrer	et	al.	(2007)	found	a	statistical	association	between	fall	X2	and	the	production	of	
young	delta	smelt	during	the	following	year.”9	In	summary,	while	the	Service	acknowledged	
uncertainties	regarding	the	anticipated	effectiveness	of	the	action	and	committed	to	
evaluating	and	possibly	modifying	or	terminating	the	action,	it	anticipated	beneficial	
effects.	Specifically,	the	Service	argued	that	the	action	would	increase	delta	smelt	habitat	in	
the	autumns	of	wetter	years,	expand	the	distribution	of	delta	smelt,	and	increase	
subsequent	abundance	of	delta	smelt.		

The	investigative	work	supporting	the	Services	conclusion	was	that	of	Feyrer	et	al.	(2007),	
specifically	the	regression	results	reported	in	their	Table	2	(see	Box	1)	for	the	period	from	
1987	(post	clam)	to	2004.	Recruitment	(as	the	Summer	Town	Net	Index)	was	regressed	
against	stock	(per	the	prior	FMWT	Index)	and	specific	conductance	in	the	fall	(EC	in	the	
FMWT	survey	September-November).	The	Feyrer	et	al.	best	model	had	a	R2	of	0.596	and	a	
P	value	of	0.001.	When	the	regression	is	rerun,	both	covariates	had	P	values	of	less	than	
0.02	indicating	both	covariates	were	highly	significant.	While	Feyrer	et	al.	used	electrical	
conductivity	(EC)	rather	than	average	X2	for	September	to	November	as	the	covariate,	
those	two	covariates	are	highly	correlated	(r=0.95).	

	

Box	1.	Table	2	from	Feyrer	et	al.	(2007).	

	

	 	

	
7	USFWS	(2008)	p.374	
8	USFWS	(2008)	p.179	
9	USFWS	(2008)	p.372	
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The	Fall	X2	Action	also	drew	support	from	a	subsequent	study,	available	as	a	draft	
manuscript	at	the	time	of	the	Biological	Opinion	(Feyrer	et	al.	2011).	In	that	article,	the	
authors	developed	a	delta	smelt	“habitat	index”	for	delta	smelt	using	data	on	three	abiotic	
covariates	–	water	temperature,	turbidity	(Secchi	depth),	and	salinity	(specific	
conductance).	The	habitat	index	was	calculated	as	the	weighted	sum	of	the	attributes	
multiplied	by	the	surface	area	that	each	station	represented.	This	later	study	also	used	data	
from	the	FMWT.	Probability	of	presence	was	explained	primarily	by	salinity	and	turbidity,	
with	water	temperature	adding	little	explanatory	power.	The	authors	found	that	the	
location	of	X2	in	the	upper	San	Francisco	Estuary	was	a	good	indicator	of	the	extent	of	
habitat	(chart	B	in	Box	2)	and	that	habitat	was	related	to	the	Fall	Mid-Water	Trawl	(FMWT)	
abundance	index	(chart	C	in	Box	2).	Connecting	these	relationships	provides	a	linkage	
between	X2	in	the	autumn	and	abundance	of	delta	smelt	in	the	autumn.	The	influence	of	
higher	flows	in	the	fall	has	on	occasion	been	the	subject	of	intense	study	(Brown	et	al.	2014,	
IEP	FLOAT-MAST	2020).	Brown	et	al.	(2014)	state	that	“The	fall	low	salinity	habitat	action	
calls	for	adaptive	management	of	fall	Sacramento-San	Joaquin	Delta	outflow	following	wet	
and	above	normal	years	to	alleviate	jeopardy	to	delta	smelt	and	adverse	modification	of	
critical	habitat.”	One	of	the	objectives	of	Brown	et	al.	(2014)	was	“to	provide	a	synthesis	of	
the	results	of	fall	low	salinity	habitat	studies…	to	determine	if	the	available	information	
supports	the	hypotheses”10	behind	the	management	action.	“The	basic	hypothesis	of	the	
adaptive	management	of	fall	low-salinity	habitat	is	that	greater	outflows	move	the	low-
salinity	zone	(salinity	1–6),	an	important	component	of	delta	smelt	habitat,	westward	and	
that	moving	the	low-salinity	zone	westward	of	its	position	in	the	fall	of	recent	years	will	
benefit	delta	smelt,	although	the	specific	mechanisms	providing	such	benefit	are	uncertain.”11	
The	authors	sought	to	evaluate	predictions	derived	from	the	hypotheses	included	in	their	
conceptual	model.	While	many	of	the	predictions	could	not	be	evaluated,	most	of	the	
predictions	that	could	be	addressed	involved	either	the	abiotic	habitat	components	(that	is,	
changes	in	the	physical	environment)	or	delta	smelt	responses.	They	concluded	that	“in	
general,	the	fall	low-salinity	habitat	investigation	has	been	largely	inconclusive…”12	Although	
their	analyses	suggest	that	delta	smelt	growth	and	survival	was	higher	with	lower	X2	
(greater	through-Delta	outflow),	that	did	not	translate	into	higher	recruitment	the	next	
year.13	The	authors	went	on	to	recommend	a	number	of	technical	issues	in	need	of	further	
research.		

	

	
10	Brown	et	al.	(2014)	p.1	
11	Brown	et	al.	(2014)	p.1	
12	Brown	et	al.	(2014)	p.1	
13	Brown	et	al.	(2014)	Table	5,	p.	67	
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Box	2.	Figure	2	from	Feyrer	et	al.	(2010).	

	
	

A	review	of	the	objectives	of	the	action		

The	Service	stated	that	the	objective	of	the	Fall	X2	Action	“is	to	improve	fall	habitat	for	delta	
smelt	through	increasing	Delta	outflow	during	fall.	Increase	in	fall	habitat	quality	and	
quantity	will	both	benefit	delta	smelt.”14	In	the	same	document,	the	objective	was	similarly	
stated	to	be	to	“Improve	fall	habitat	for	delta	smelt	by	managing	of	X2	through	increasing	
Delta	outflow	during	fall	when	the	preceding	water	year	was	wetter	than	normal.	This	will	
help	return	ecological	conditions	of	the	estuary	to	that	which	occurred	in	the	late	1990s	when	

	
14	USWFS	(2008)	p.	282	



9	
	

smelt	populations	were	much	larger.	Flows	provided	by	this	action	are	expected	to	provide	
direct	and	indirect	benefits	to	delta	smelt.	Both	the	direct	and	indirect	benefits	to	delta	smelt	
are	considered	equally	important	to	minimize	adverse	effects.”15	USBR	understood	the	
Service	intended	the	action	to	have	a	population	benefit:	“The	Service	determined	that	the	
Fall	outflow	element	of	the	RPA	is	required	to	alleviate	both	jeopardy	to	delta	smelt	and	
adverse	modification	of	delta	smelt	critical	habitat.	The	Fall	outflow	action	is	expected	to	
improve	habitat	suitability	and	contribute	to	a	higher	average	population	growth	rate	of	
delta	smelt.”16	
	
In	its	Incidental	Take	Permit,	California	Department	of	Fish	and	Wildlife	(CDFW	2020)	
expanded	the	management	action	to	a	Summer-Fall	Action	consistent	with	the	approach	
taken	in	the	2019	Biological	Opinion,	not	merely	a	Fall	Action.	Here	we	remain	focused	on	
the	fall	outflow	action	(the	Fall	X2	Action).	That	said,	the	intended	benefits	of	CDFW’s	
proposed	action	are	worth	noting:	The	delta	smelt	(DS)	“summer-fall	habitat	action,	
(Summer-Fall	Action)	is	intended	to	benefit	DS	food	supply	and	habitat,	thereby	contributing	
to	the	recruitment,	growth,	and	survival	of	DS.	A	FLaSH	conceptual	model25	states	that	DS	
habitat	should	include	low-salinity	conditions	of	0	to	6	parts	per	thousand	(ppt),	turbidity	of	
approximately	12	NTU,	temperatures	below	25°C,	food	availability,	and	littoral	or	open	water	
physical	habitats.	The	highest-quality	habitat	in	Suisun	Marsh	and	Grizzly	Bay	includes	areas	
with	complex	bathymetry,	in	deep	channels	close	to	shoals	and	shallows,	and	in	proximity	to	
extensive	tidal	or	freshwater	marshlands	and	other	wetlands.	The	Summer-Fall	Action	will	
provide	the	aforementioned	habitat	components	in	the	Suisun	Marsh	and	Grizzly	Bay	through	
a	range	of	actions	by	water	year	type	to	improve	water	quality	and	food	supplies.”		
	
Adaptive	management	requires	objectives	to	be	clearly	stated	and	performance	metrics	
specified.	In	the	stated	objectives	of	the	Fall	X2	Action,	the	difference	between	“means”	and	
“ends”	objectives	appear	confounded.17	The	means	objectives	are	clearly	stated:	in	the	2008	
Biological	Opinion,	an	average	X2	of	74	km	in	wet	years	and	81	km	in	above	normal	years	
in	September	and	October,	and	in	the	2019	Biological	Opinion,	80km	in	above	normal	and	
wet	years	in	September	and	October	(Box	3).	But	the	ends	objectives	were	inadequately	
specified.	The	action	was	intended	to	benefit	delta	smelt	food	supply	and	habitat,	thereby	
contributing	to	the	recruitment,	growth,	and	survival	of	delta	smelt.	Targets	for	food	
supply,	habitat	quality	and	quantity,	growth,	survival,	and	recruitment	are	not	stated.	It	is	
therefore	impossible	to	tell	if	in	achieving	“means”	objectives	any	of	the	“ends”	objectives	
have	been	met.	The	failure	to	specify	such	objectives	should	be	viewed	as	a	critical	
shortcoming	in	the	implementation	of	adaptive	management	for	the	Fall	X2	Action.	The	
lack	of	specified	performance	metrics	makes	the	success	of	the	action	impossible	to	assess	
and	forces	reviewers	to	draw	their	own	implicit	conclusions	regarding	the	intended	
outcomes	that	would	meet	ends	objectives.		

	
15	USFWS	(2008)	p.	369	
16	USBR	(2011)	p.1		
17	“It	is	important	to	separate	objectives	into	fundamental	objectives	(which	reflect	the	ends	we	are	trying	to	
achieve)	and	means	objectives	(which	are	important	ways	of	achieving	them)”		
https://www.structureddecisionmaking.org/steps/objectives/objectives2b/	
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Box	3.	Means	objectives	for	the	Summer-Fall	Habitat	action	from	USFWS	(2019)	p.165.	

 

	
Further	confounding	objectives	regarding	delta	smelt	habitat	quality	and	extent	is	the	
absence	of	an	appropriate	definition	of	habitat	in	the	agency	determination.	Again,	it	is	not	
possible	to	tell	if	habitat	has	been	harmed	or	enhanced	if	habitat	has	not	been	defined.	
Throughout	both	Biological	Opinions,	the	extent	of	the	low-salinity	zone	(LSZ)	is	equated	
with	the	extent	of	habitat	for	delta	smelt.	The	environmental	factors	constituting	habitat	
have	been	documented	in	multiple	studies.	In	addition	to	salinity,	a	habitat	definition	must	
include	at	least	turbidity,	temperature,	and	food.	One	may	also	argue	that	an	adequate	
definition	of	habitat	for	delta	smelt	should	have	components	relating	to	predation	on	and	
competition	with	the	fish,	as	well	as	contaminants.	The	critical	issue	overlooked	in	the	
Biological	Opinions	is	that	a	change	in	one	environmental	factor	does	not	necessarily	result	
in	degradation	of	habitat.	First,	because	if	the	change,	say	an	increase	in	salinity,	occurs	in	
an	area	where	there	was	inadequate	food	available,	the	area	would	not	have	constituted	
habitat	in	the	first	place,	therefore	there	was	no	adverse	modification	of	Critical	Habitat.	
Second,	there	may	be	offsetting	effects	to	habitat.	Salinity	may	be	adversely	affected,	but	
water	temperature	may	be	enhanced.	It	is	necessary	to	consider	the	consequences	to	all	
resources	that	contribute	to	habitat	when	conducting	an	effects	analysis.			
	
Since	ends	objectives	have	not	been	specified,	this	effects	analysis	proceeds	by	specifying	
some	modest	ends	objectives	drawn	from	relevant	studies.	We	begin	by	specifying	habitat	
drawing	from	Hamilton	and	Murphy	(2020).	In	September	and	October,	conditions	
constituting	habitat	are	salinity	less	than	8,800	µS/cm,	Secchi	depth	less	than	58	cm,	water	
temperature	less	than	20.4oC	and	prey	availability	greater	than	4,000	µg	C/m3	(Table	1).		
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Table	1.	Condition	ranges	that	are	considered	adequate	for	delta	smelt	(from	Hamilton	and	
Murphy	2020)	

	 September-October	 November-December	
Turbidity		
(Secchi	depth	in	cm)	

<58		 <61		

Salinity	(µS/cm)	 300-8,800	 400-10,000	
Temperature	(oC)	 15-20.4	 All	values	
Prey	Availability	(µg	C/m3)	 >4,000	 >800	
	
	
Given	that	definition	of	habitat,	we	hypothesize	that	the	following	objectives	will	result	
from	the	implementation	of	a	fall	outflow	action:		

1) increased	growth	of	delta	smelt	during	September	and	October,		
2) increased	survival	rates	of	delta	smelt	through	September	and	October,	and	
3) increased	recruitments	rates,	and	therefore	increased	subsequent	abundance.		

	
Those	outcomes	should	be	the	result	of:	

4)	increased	prey	availability	in	September	through	December,	and		
5)	increased	the	extent	of	habitat.		

	

A	review	of	the	biological	basis	for	the	action	

The	factors	that	influence	the	survival,	growth	and	recruitment	of	delta	smelt	have	been	
represented	in	a	number	of	conceptual	ecological	models.	Prior	to	the	2008	Biological	
Opinion,	Armor	et	al.	(2005)	presented	a	“boxes-and-arrows”	conceptual	ecological	model	
that	recognized	the	influence	of	water-export	projects	on	pelagic	fish,	as	well	as	the	critical	
role	of	food,	but	without	depicting	seasonal	influences	(Box	4).	In	the	2008	Biological	
Opinion,	the	Service	presented	a	less	comprehensive	model	(Box	5).	Included	in	that	model	
is	the	contribution	of	food	in	a	definition	of	habitat,	but	apparently	only	in	the	autumn.	

Baxter	et	al.	(2010)	presents	a	“bottom-up-top-down”	conceptual	model	that	depicted	the	
contribution	of	food	and	water	diversions,	as	well	as	the	environmental	components	that	
contribute	to	habitat	(Box	6).	By	2015,	IEP	MAST	(2015)	had	developed	a	conceptual	model	
that	depicted	the	influence	of	landscape	attributes,	environmental	drivers,	habitat	
attributes,	and	delta	smelt	responses	by	season	(Box	7).	In	the	2019	Biological	Opinion	the	
Service	did	not	present	the	IEP	MAST	model,	instead	it	drew	on	a	version	of	a	life-cycle	
model	developed	by	Moyle	et	al.	(2016)	(Box	8).	Hamilton	and	Murphy	(2018)	also	
considered	the	Moyle	model	but	added	stressors	by	life	stage	(Box	9).		
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Box	4.	Delta	pelagic-species	conceptual	model	from	Armor	et	al.	(2005).	

	

	

Box	5.	Life-cycle	conceptual	model	for	delta	smelt	from	USFWS	(2008)	p.	146.	
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Box	6.	The	basic	conceptual	model	for	the	pelagic	organism	decline		
(Baxter	et	al.	2010)	from	IEP	MAST	(2015).	

	

Box	7.	The	delta	smelt	general	life	cycle	conceptual	model	from	IEP	MAST	(2015).	
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Box	8.	Delta	smelt	life-cycle	model	from	USFWS	(2019	--	p.65).	

	
Box	9.	The	conceptual	ecological	model	from	Hamilton	and	Murphy	(2018).	
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In	trying	to	reconcile	the	basis	for	the	Fall	X2	Action	with	these	conceptual	models,	both	the	
USFWS	(2008)	and	the	IEP	MAST	(2015)	depict	a	role	for	X2	or	the	areal	extent	of	the	LSZ	
in	the	fall.	All	models	that	display	environmental	factors	show	a	role	for	food	influencing	
performance	of	delta	smelt,	but	only	IEP	MAST	shows	flows	in	the	autumn	as	a	driver	for	
food	in	the	fall.	The	Fall	X2	Action	is	consistent	with	the	IEP	MAST	conceptual	model,	which	
was	developed	after	the	Service	implemented	the	Fall	X2	Action	and	was	the	result	of	
extensive	synthesis,	therefore,	it	is	appropriate	to	evaluate	the	hypotheses	underlying	that	
conceptual	model	and	the	action	itself.		

In	summary,	the	biological	basis	of	the	Fall	X2	Action	relies	on	the	soundness	of	three	
hypotheses:	

1) increased	outflow	in	the	autumn	results	in	an	increase	in	the	quality	and	quantity	of	
habitat,	including	an	increase	in	prey	availability,	which	will	lead	to	increased	delta	
smelt	growth	and	survival,	increased	recruitment,	and	increased	abundance	in	the	
subsequent	year	

2) increased	area	of	habitat	(defined	by	the	extent	of	the	low-salinity	zone)	in	the	fall	
will	support	more	delta	smelt	in	the	fall		

3) water-project	operations	have	adversely	affected	the	position	and	extent	of	the	low-
salinity	zone	in	the	fall,	causing	adverse	modification	of	habitat		

	

Use	of	best	available	data	

Adaptive	management	requires	specification	of	performance	metrics	and	development	of	a	
monitoring	program	that	allows	the	performance	metrics	to	be	assessed.	The	lack	of	data	
from	which	conclusions	could	be	reached	on	relevant	metrics	in	Brown	et	al.	(2014)	and	
IEP	FLOAT-MAST	(2020)	reflects	the	absence	of	an	appropriate	(targeted)	monitoring	
program	to	evaluate	the	Fall	X2	Action.		

Since	no	specific	monitoring	program	was	established	to	quantify	the	performance	metrics	
of	the	autumn	action,	the	best	available	data	defaults	to	that	drawn	from	routine	fish	and	
zooplankton	surveys.	Based	on	the	catch	per	unit	of	effort	reported	by	Bennett	and	Bureau	
(2015),	one	may	argue	that	the	midwater	trawl	surveys	are	not	monitoring	the	areas	
where	delta	smelt	are	in	highest	abundance	nor	sample	across	the	habitat	strata	typically	
occupied	by	delta	smelt.		

The	method	for	expanding	the	data	from	general	fish	surveys	into	abundance	estimates	has	
improved	over	time.	The	Fall	Midwater	Trawl	and	the	Summer	Tow	Net	indices	have	
previously	been	used	as	proxy	variables	for	abundance.	More	recently,	Smith	et	al.	(2018)	
have	provided	updated	estimates	of	water	volume	by	region	and	Polansky	et	al.	(2019)	
have	used	the	survey	data	to	provide	updated	abundance	estimates	of	delta	smelt.	We	use	
that	latter	study	in	this	effects	analysis	as	the	most	reliable	estimate	of	abundance	given	its	
rigor	and	the	specific	attention	to	delta	smelt.	Like	many	studies	before,	we	use	the	period	
from	1987	onwards	given	the	food	web	changes	that	resulted	from	the	introduction	of	the	
Asian	Clam	in	1986,	which	apparently	caused	an	ecological	regime	shift.		



16	
	

Consideration	of	an	appropriate	range	of	candidate	covariates	

As	noted	earlier,	habitat	for	delta	smelt	is	characterized	by	a	number	of	environmental	
factors,	specifically	turbidity,	salinity,	water	temperature	and	prey	availability,	existing	in	
suitable	ranges.	While	other	environmental	factors	might	be	included	(and	presumably	
should	have	been	in	a	monitoring	program	designed	to	assess	the	effectiveness	of	the	
action),	they	lack	the	necessary	time-series	data	to	be	included	in	this	analysis.	While	the	
values	that	constitute	suitability	vary	by	life	stage,	the	focus	of	this	effects	analysis	is	on	the	
autumn	months.	Studies	that	do	not	consider	all	of	the	available	data	on	those	
environmental	factor	conditions	cannot	be	considered	reliable,	because	the	extent	and	
quality	of	habitat	cannot	be	assessed	without	considering	all	of	the	relevant	environmental	
conditions.			

	

A	review	of	existing	pertinent	analyses	

Moyle	et	al	(1996)	

Moyle	et	al	(1996)	stated	that	reduction	in	outflow	is	the	first	and	most	important	reason	
for	decline	in	the	abundance	of	delta	smelt.18	They	developed	a	narrative	conceptual	model	
that	was	mechanistically	based:	“moderately	high	spring	outflows	are	important	because	
they	move	fish	downstream	to	shallow	water	areas	in	Suisun	Bay,	distant	from	south	Delta	
diversions.	This	shallow	water	habitat	encourages	production	of	phytoplankton,	zooplankton,	
and	thus	larval	fish	have	become	adapted	to	rear	here.	Suisun	Bay	is	broad	and	shallow	and	
nutrients	and	algae	are	located	in	sunlit	waters,	allowing	algae	to	grow	and	reproduce	
rapidly	(Arthur	and	Ball	1978;	Cloern	1979).	This	provides	food	for	zooplankton,	which	are	
food	for	plankton-feeding	fish	such	as	delta	smelt	and	their	larvae.	Low	outflows	maintain	fish	
larvae	and	juveniles	in	the	deep,	narrow	channels	of	the	Delta	and	Sacramento	River	where	
productivity	of	phytoplankton	is	lower	because	much	of	the	water	is	beyond	the	reach	of	
sunlight.	Presumably,	if	the	food	supply	is	inadequate,	fish	either	starve	to	death	or	have	
increased	mortality	from	predation,	as	a	result	of	slower	growth	rates.	Recent	studies	
(November	18,	1994)	have	demonstrated	that	delta	smelt	adults	sampled	in	upstream	areas	
have	a	lower	condition	factor	than	adults	sampled	from	areas	in	Suisun	Bay.”19		

Although	they	recognized	that	Stevens	and	Miller	(1983)	failed	to	find	a	relationship	
between	outflow	and	the	abundance	of	delta	smelt,	they	disregarded	that	finding	and	relied	
on	their	Figure	2.5	that	showed	a	relationship	between	the	number	of	days	that	X2	was	in	
Suisun	Bay	and	the	abundance	of	delta	smelt.	This	single	variable	analysis	fails	framework	
principle	4a	–	any	number	of	environmental	covariates	could	have	demonstrated	a	similar	
relationship.	While	the	narrative	conceptual	model	appeared	biologically	sound,	the	
relationship	between	outflow	and	abundance	of	delta	smelt	has	not	been	supported	by	
subsequent	empirical	analyses	(Jassby	et	al.	1995,	Kimmerer	2002).	And	more	recent	

	
18	Moyle	et	al	(1996)	p.19	
19	Moyle	et	al	(1996)	p.20	
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studies	have	shown	the	condition	of	delta	smelt	was	worse	in	Suisun	Bay	than	in	other	
areas	of	the	upper	San	Francisco	Estuary	(Hammock	et	al	2022).		

Feyrer	et	al.	(2007)	

The	key	elements	of	Feyrer	et	al.	(2007)	were	summarized	above	under	the	heading	“The	
origin	of	and	justification	for	the	Fall	X2	Action.”	The	authors	found	a	strong	linkage	
(R2=0.596)	between	fall	outflow,	stock	and	subsequent	recruitment.	That	relationship	is	
dominated	by	two	data	points	--1995	and	1998	(Figure	1).	Those	two	years	were	followed	
by	two	wet	years	leading	to	the	question	--	were	the	high	abundances	in	1996	and	1999	
due	to	high	fall	outflow	the	previous	year,	or	high	spring	outflow	in	the	then-current	year?	
Because	a	full	range	of	covariates	was	not	considered	(see	Adaptive	Management	Element	
4,	page	4),	the	authors	may	have	reached	an	incorrect	conclusion.		

	
Figure	1.	The	relationship	between	X2	in	September	and	October	and	the	subsequent	STN	
Index	for	delta	smelt.	

Another	concern	with	the	Feyrer	et	al.	(2007)	study	was	the	use	of	the	STN	Index	as	a	
measure	of	recruitment.	The	STN	index	is	derived	from	the	first	two	sampling	events	each	
year	and	does	not	necessarily	reflect	the	juvenile	abundance.	To	address	both	of	these	
issues	we	regressed	stock	(the	FMWT	Index	calculated	by	Polansky	et	al.	2019),	the	
average	X2	position	in	the	autumn	(September,	October,	and	November),	and	average	X2	
position	in	March	(spring	X2)	against	recruitment	(the	subsequent	STN	Index	reported	by	
Polansky	et	al.).		

The	data	and	results	are	provided	in	Appendix	B-1.	The	results	indicate	that	delta	smelt	
abundance	in	summer	relates	to	outflow	in	the	spring	(P=0.05)	and	stock	(P=0.02),	and	the	
position	of	X2	in	the	autumn	is	not	significant	(P=0.23).	The	findings	of	Feyrer	et	al.	(2007),	
the	study	on	which	the	Fall	X2	Action	was	based,	are	incorrect	because	they	did	not	identify	
the	actual	environmental	drivers	of	delta	smelt	recruitment.		
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Mac	Nally	et	al.	(2010)	

Mac	Nally	et	al.	(2010)	used	multivariate	autoregressive	models	to	discern	the	factors	
responsible	for	declines	in	delta	smelt	and	three	other	fish	species.	Fifty-four	relationships	
were	built	into	the	model,	one	of	which	was	the	position	of	X2	in	the	upper	estuary	in	the	
autumn.	Their	results	indicated	substantial	support20	for	a	relation	between	abundance	of	
delta	smelt	and	only	one	of	19	covariates	--	water	temperature	in	the	summer.	X2	in	the	
autumn	was	not	identified	as	a	covariate	affecting	the	abundance	of	delta	smelt.		

Thomson	et	al.	(2010)	

Thomson	at	al.	(2010)	examined	trends	in	abundance	of	four	fish	species	(delta	smelt,	
longfin	smelt,	striped	bass,	and	threadfin	shad)	over	40	years	using	Bayesian	change-point	
models.	Change-point	models	identify	abrupt	or	unusual	changes	in	absolute	abundance	
(step	changes)	or	in	rates	of	change	in	abundance	(trend	changes)	in	time-series	data	sets.	
They	used	Bayesian	model	selection	to	identify	covariates	exhibiting	the	strongest	
associations	with	the	abundances	of	each	species.	The	change-point	analysis	found	that	two	
of	19	covariates	(water	clarity	and	the	volume	of	water	exported	from	the	Delta	in	winter)	
were	associated	with	the	FMWT	abundance	index	for	delta	smelt.	Although	X2	in	the	
autumn	was	included	as	a	candidate	covariate,	it	was	not	identified	as	a	covariate	affecting	
the	abundance	of	delta	smelt.		

Feyrer	et	al.	(2011)	

As	noted	above,	Feyrer	et	al.	(2011)	developed	a	habitat	index	for	delta	smelt	in	the	
autumn	and	found	a	relationship	between	the	habitat	index	and	delta	smelt	abundance.	As	
outflow	increases	the	value	of	the	habitat	index	improves,	suggesting	that	abundance	in	the	
autumn	should	also	increase,	thereby	providing	a	linkage	from	increased	outflows	to	
abundance.		

The	analyses	in	Feyrer	et	al.	(2011)	suffers	from	at	least	two	problems.	The	first	is	the	time	
period	used,	1967	to	2008.	Feyrer	et	al.	(2007)	divided	their	data	into	two	time	periods	
recognizing	the	pre-clam	period	and	the	post-clam	period	differed	in	salient	ecological	
characteristics.	The	positive	relationship	between	the	habitat	index	and	the	abundance	
index	in	Figure	C	in	Box	2	(above)	is	primarily	due	to	the	five	data	points	in	the	top	right	
corner	of	the	graph.	These	data	points	are	for	the	years	1970	to	1973	and	1980	–	all	years	
prior	to	the	invasion	of	the	Asian	clam.	When	an	OLS	regression	between	the	habitat	index	
and	the	abundance	index	for	the	post-clam	period	(1987-2008)	was	run	the	estimated	
equation	had	an	R2	of	0.05,	and	the	habitat	index	covariate	was	not	significant	(P=0.30).	
That	is,	the	habitat	index	constructed	by	Feyrer	et	al.	(2011)	explains	none	of	the	variation	
in	the	abundance	of	delta	smelt	during	the	post-clam	period.	One	possible	explanation	--	
the	second	problem	with	the	study	--	is	that	the	constructed	habitat	index	does	not	include	

	
20	Common	decision	criteria	for	odd	rations	are	3.2–10	(substantial	evidence)	and	10–100	(strong	evidence)	
(Jeffreys	1961).	The	only	odds	ratio	for	delta	smelt	that	was	greater	than	3.2	was	that	for	“warm	summer	
waters”	with	an	odds	ratio	of	8.7.	
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prey	availability,	one	of	the	factors	that	has	been	considered	to	be	a	major	cause	of	concern	
in	the	decline	in	abundance	of	delta	smelt.	

Maunder	and	Deriso	(2011)		

Maunder	and	Dersio	(2011)	developed	a	state–space	multistage	life-cycle	model	for	delta	
smelt	that	allows	for	density	dependence	and	environmental	factors	to	impact	different	life	
stages.	Their	results	indicated	that	delta	smelt	abundance	was	affected	by	density	
dependence,	temperature	from	April	through	June	and	specifically	in	July,	prey	density	
from	April	through	June	and	from	July	through	August,	abundance	of	predators	from	April	
through	June	and	September	through	December,	turbidity	in	January	and	February,	and	
adult	entrainment.	The	authors	did	not	include	the	position	of	X2	in	the	upper	estuary	in	
the	autumn	as	a	candidate	covariate.		

Miller	et	al.	(2012)	

The	initial	objective	of	the	Miller	et	al.	(2012)	investigation	was	to	identify	the	relative	
importance	of	33	candidate	factors	hypothesized	to	have	a	direct	effect	on	the	abundance	
of	delta	smelt	using	a	multivariate	regression	analysis.	Five	covariates	--	stock,	
entrainment,	water	temperature	(April	through	June),	prey	densities	(April	through	June),	
and	predation	(April	through	June)	were	found	to	affect	delta	smelt	abundance,	with	prey	
density	being	the	most	deterministic.	They	then	considered	whether	including	factors	
hypothesized	to	have	indirect	benefits	would	increase	the	explanatory	power	of	their	
models.	There	were	seven	candidate	covariates	in	this	group,	one	of	which	was	average	X2	
from	October	through	December,	but	none	of	the	seven	factors	provided	additional	
explanatory	power.		

Mount	et	al.	(2013)		

An	expert	panel	reviewed	elements	of	the	draft	Bay-Delta	Conservation	Plan	(BDCP)	and	
provided	responses	to	specific	questions.	One	of	the	questions	posed	was:	are	in-Delta	
conditions	significantly	improved	for	smelt?	Chapter	six	of	the	panel	report	was	dedicated	
to	effects	of	BDCP	flows	on	smelt.	It	focused	on	three	outflow	phenomena	--	fall	outflow,	
spring	outflow,	and	winter	and	spring	flows	in	Old	and	Middle	rivers.	In	focusing	on	the	
first	of	the	three	flows,	Mount	et	al.	(2013),	like	Feyrer	et	al,	(2007)	before	them,	
considered	the	influence	of	fall	X2	on	recruitment	(that	is	the	subsequent	Summer	Tow-net	
Index),	but	selected	an	alternative	model	(Equation	1	below)	which	was	“more	in	keeping	
with	the	form	of	other	X2	models”	(citing	Jassby	et	al.	1995),	then	proceeded	to	estimate	
changes	in	STN	index	values	under	alternative	flow	scenarios.	

log(TNSy+1)	~	a	+	b	log(MWTy)	+cX2y	+	εy	 	 		 	 (1)21	

Like	Feyrer	et	al.	(2007),	Mount	et	al.	(2013)	found	fall	X2	had	a	significant	influence	on	
recruitment	(R2=0.68),	but	they	excluded	relevant	variables	and	attributed	an	incorrect	
influence	to	the	position	of	X2	in	the	autumn,	when	delta	smelt	abundance	was	really	due	

	
21	Mount	et	al.	(2013)	Equation	6.1,	p.64	
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to	the	position	of	X2	in	the	spring.	The	results	from	fitting	equation	2,	including	spring	X2,	
presented	here	in	Appendix	B-2,	show	no	significant	effect	of	X2	in	the	autumn.		

log(TNSy+1)	~	a	+	b	log(MWTy)	+cFX2y	+	dSX2y+1	+	εy	 	 	(2)		

In	equation	(2),	FX2	is	fall	X2	averaged	over	September	to	November,	and	SX2	is	X2	in	
March	(spring).	

Brown	et	al.	(2014)	

The	approach	of	Brown	et	al.	(2014)	(aka	the	FLaSH	Report)	was	to	evaluate	predictions	
derived	from	hypotheses	included	in	the	conceptual	model	presented	in	the	management	
plan.	All	available	data	from	studies	and	monitoring	conducted	in	fall	2011	and	similar	data	
from	fall	2006,	which	was	the	most	recent	wet	year	preceding	2011,	were	considered.	Data	
from	2005	and	2010	were	also	considered,	to	include	the	conditions	antecedent	to	those	
years.	Results	from	the	fall	low-salinity	habitat	investigation	were	deemed	by	Brown	et	al.	
to	be	“largely	inconclusive.”	

The	report	considered	just	four	years	--	2005,	2006,	2010,	and	2011.	The	selective	use	of	
some	years	and	the	exclusion	of	others	does	not	meet	the	standard	of	best	available	science	
(see	Adaptive	Management	element	3b,	page	3).	It	is	quite	possible	that	if	additional	years	
had	been	considered	different	findings	would	have	emerged.		

The	notable	findings	for	delta	smelt	from	Brown	et	al.	(2014)	were	provided	in	their	Table	
5.	Excerpts	from	their	Table	5	relating	to	dynamic	abiotic	components	and	delta	smelt	
responses	are	provided	in	Box	10	herein.	The	outcomes	for	many	of	the	predictions	in	
Brown	et	al.	(2014)	could	not	be	assessed	(the	cells	with	no	shading	in	Box	10),	indicating	
that	an	effective	monitoring	program	was	not	established	(even	considered)	to	collect	the	
data	needed	to	evaluate	the	action.		

The	predictions	in	their	Table	5	apply	to	conditions	in	September	and	October.	The	support	
for	predictions	relating	to	turbidity	and	Secchi	depth	are	not	surprising	since	high	flows	
typically	carry	more	turbidity,	a	condition	not	unique	to	the	autumn.	The	finding	of	most	
interest	was	related	to	“growth,	survival	and	fecundity	in	the	fall.”	Brown	et	al.	(2014)	
presented	growth	data	in	their	Table	4	(see	Box	11),	but	stated	that	those	data	need	to	be	
compared	to	other	years	before	drawing	a	conclusion.	The	implications	of	data	in	Table	4	
are	not	clear;	fish	collected	later	in	the	year	have	reduced	average	growth	rates	as	
bioenergetic	demands	slow	down,	as	the	authors	note.	We	graphed	those	data	by	month	
and	with	one	exception	found	no	significant	differences	in	growth	rates	across	a	range	of	
salinity	values	when	the	month	of	data	collection	was	considered	(Figure	2).	Consequently,	
no	support	for	a	difference	in	growth	rates	due	to	changes	in	salinity,	thus	increased	
outflow,	can	be	drawn	from	the	data	presented	in	Table	4.		

The	Brown	et	al.	findings	relating	to	delta	smelt	survival	are	unclear.	In	considering	
survival	rates	of	delta	smelt,	the	authors	state	on	page	64	“This	(the	successful	recruitment	
into	2011)	indicates	that	the	increase	in	FMWT	population	index	in	2011	resulted	from	a	
combination	of	favorable	factors	in	the	winter,	spring,	and	summer	preceding	the	fall	of	2011.		
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Box	10.	Summary	of	the	findings	from	the	2011	FLaSH	Report	(Brown	et	al.	2014).	

	

	
	

The	data	indicated	that	survival	in	fall	2011,	the	preceding	summer	months,	or	both,	was	
likely	greater	than	in	other	years.”	While	that	observation	is	reasonable,	they	go	on	to	state	
that	it	“supports	the	prediction	that	delta	smelt	survival	would	be	greater	when	X2	was	at	74	
km	compared	to	greater	values	of	X2.”	The	connection	between	the	two	statements	is	not	
clear.	The	authors	state	that	multiple	seasons	contributed	to	high	abundances	in	2011	and	
then,	with	no	supporting	data,	say	that	the	stronger	performance	in	2011	supports	setting	
X2	at	74km	in	the	fall.	They	make	this	statement	despite	the	fact	that	the	success	could	
have	been	due	to	any	of	a	number	of	environmental	factors,	such	as	cooler	summer	
temperatures,	better	food	conditions,	or	increased	turbidity.	No	evidence	was	presented	to	
indicate	that	positioning	X2	at	74	km	was	either	a	necessary	or	a	sufficient	condition	for	
good	delta	smelt	performance.	No	data	presented	show	that	higher	outflow	in	the	fall	leads	
to	higher	survival	rates	in	the	fall	nor	that	positioning	X2	at	74km	is	somehow	optimal.		
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Box	11.	Data	related	to	growth	rates	from	Brown	et	al.	(2014).	

	

	
	

As	additional	support	for	higher	fall	survival	when	fall	outflows	are	high,	the	authors	
compare	the	FMWT	Index	to	the	prior	Summer	Tow	Net	index	(their	figure	48B)	and	note	
that	in	2011	the	ratio	was	well	above	the	median.	They	appropriately	recognize	that	the	
ratio	“could	be	partially	the	result	of	favorable	summer	conditions	and	subsequent	high	
survival	rates,	rather	than	only	favorable	fall	conditions	and	survival.”	This	approach	does	
not	meet	the	directive	in	adaptive	management	element	4	(page	4)	–	evaluation	of	a	range	
of	candidate	covariates	from	the	conceptual	ecological	model.	Any	one	of	a	number	of	
factors	could	have	contributed	to	higher	survival	rates	from	summer	to	autumn,	such	as	
food,	temperature,	turbidity,	or	reduced	predation.	Also	worth	noting,	is	their	finding	that	
the	prediction	of	higher	recruitment	in	the	next	year	due	to	higher	outflow	was	not	
supported	by	the	study	findings,	contradicting	the	findings	of	Feyrer	et	al.	(2007)	and	the	
basis	for	the	fall	action.	
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Figure	2.	Growth	rates	(mm/day)	from	Box	5.	Units	of	the	vertical	axis	are	mm/day.	Error	
bars	show	+/-	2	standard	deviations.	
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IEP	MAST	(2015)		

The	IEP	MAST	(2015)	collected	and	synthesized	data	and	studies	to	provide	an	updated	
conceptual	model	for	delta	smelt.	The	general	life-cycle	conceptual	ecological	model	for	
four	delta	smelt	life	stages	(adults,	eggs	and	larvae,	juveniles,	and	subadults)	includes	
stationary	ecosystem	components,	dynamic	environmental	drivers,	habitat	attributes,	and	
delta	smelt	responses.		

In	MAST	chapter	4,	titled	“Environmental	Drivers	and	Habitat	Attributes,”	a	section	was	
included	that	addresses	“Salinity	and	the	Size	of	the	Low	Salinity	Zone.”	That	report	section	
discussed	the	relevance	of	the	position	of	X2	in	the	upper	estuary	and	the	areal	extent	of	
the	LSZ	to	delta	smelt	performance	throughout	its	life	cycle,	with	attention	to	X2	in	the	
spring;	however,	the	conceptual	ecological	model	only	included	the	size	and	location	of	the	
LSZ	in	the	fall	period.22	For	purposes	here,	we	only	focus	on	X2	in	the	autumn.	The	
attention	to	the	influence	of	fall	X2	on	delta	smelt	in	MAST	chapter	4	is	limited.		

The	MAST	report	states	“Delta	Smelt	summer	abundance	indices	have	a	significant	
relationship	with	prior	fall	X2	and	fall	abundance	(USFWS	2008,	Mount	et	al.	2013)”23.	The	
validity	of	the	reference	to	USFWS	2008	is	dependent	on	the	validity	of	Feyrer	et	al.	(2007),	
which	has	been	discussed	above	and	was	demonstrated	to	have	reached	an	erroneous	
conclusion.	Mount	et	al.	(2013)	contained	several	of	the	same	errors.	The	authors	went	on	
state	“changes	in	spring	and	fall	X2	have	also	been	linked	to	long-term	fish	declines	in	the	SFE	
(Thomson	et	al.	2010,	Mac	Nally	et	al.	2010).”24	Those	findings	pertain	to	other	species.	
Notably,	while	both	of	those	studies	considered	spring	X2	and	fall	X2	as	candidate	
covariates,	neither	study	found	a	relationship	between	either	of	the	covariates	and	delta	
smelt	responses.	

In	demonstrating	the	use	of	the	model,	the	MAST	report	presented	several	hypotheses,	one	
of	which	was	Subadult	Hypothesis	4:	“Subadult	Delta	Smelt	abundance,	survival	and	growth	
are	affected	by	the	size	and	position	of	the	low	salinity	zone	during	fall.”	The	report	
concluded	“the	data	generally	supported	the	idea	that	lower	X2	and	greater	area	of	the	LSZ	
would	support	more	subadult	Delta	Smelt	(Table	6)”25	using	just	4	data	points.	But	an	
analysis	based	on	such	a	small	sample	size	has	low	explanatory	value	and	high	potential	for	
producing	erroneous	results.	Using	the	period	from	1987	to	2008	(the	post	clam	period	
from	Feyrer	et	al,	2011)	there	was	no	significant	relationship	between	X2	in	the	autumn	
and	the	abundance	of	subadult	delta	smelt	(Appendix	E).	

In	summary,	none	of	the	information	presented	in	the	IEP	MAST	(2015)	supports	the	Fall	
X2	Action.	

	
22	IEP	MAST	(2015),	Fig	4,	p.89.	
23	IEP	MAST	(2015),	p.39.	
24	IEP	MAST	(2015),	p.40.	
25	IEP	MAST	(2015),	p.141	
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ICF	(2017)	

On	behalf	of	the	Public	Water	Agencies,	ICF	proposed	the	implementation	of	a	modified	fall	
X2	Action	for	2017	to	the	Bureau	of	Reclamation	–	a	monthly	average	X2	location	no	
greater	than	74	km	in	September	and	81	km	in	October.	ICF	(2017)	provided	an	extensive	
review	of	available	data	and	concluded:		

1. Based	on	predictions	from	available	population	modeling,	there	is	unlikely	to	be	a	
measurable	effect	on	2018	recruitment	of	Delta	Smelt	from	the	proposed	2017	Fall	
X2	Action	

2. There	is	no	evidence	to	suggest	that	Delta	Smelt	invertebrate	prey	density	in	the	
low-salinity	zone	would	be	reduced	based	on	the	proposed	2017	Fall	X2	action	
relative	to	implementation	of	the	Fall	X2	action	as	prescribed	in	the	2008	Biological	
Opinion	

3. Delta	outflow	(as	indexed	by	X2)	appears	to	have	relatively	little	influence	on	
turbidity	or	suspended	sediment	concentrations	at	individual	locations	

Hamilton	and	Murphy	(2018)	

Hamilton	and	Murphy	(2018)	developed	a	mechanistic	life-cycle	model	for	delta	smelt	
using	the	concept	of	limiting	factors	that	had	13	candidate	covariates.	Fall	X2	was	not	one	
of	them.	The	preferred	model	explained	88%	of	the	variation	in	delta	smelt	abundance	
from	1975	to	2014.	The	covariates	providing	the	most	explanatory	power	were	food	at	
certain	times	in	certain	locations,	predation	by	introduced	species	primarily	in	the	spring,	
and	entrainment.	

Castillo	(2019)	

Castillo	modelled	ecological	community	stability	and	the	direction	of	change	in	community	
variables.	The	species	considered	in	the	community	were	delta	smelt,	Asian	clam,	overbite	
clam,	Egeria	densa,	Microcystis,	phytoplankton,	zooplankton,	and	predators	of	delta	smelt.	
Castillo	found	generally	positive	population	responses	of	delta	smelt	to	increased	outflow	
through	the	Delta	in	the	autumn.	The	study	suffers	from	the	same	problem	as	Feyrer	et	al.	
(2007)	in	that	it	only	considered	one	explanatory	variable	--	X2	in	the	autumn.	It	is	not	
likely	that	the	kind	of	community	responses	Castillo	considered	would	occur	in	one	season.	
Rather	the	community	responses	are	the	result	of	hydrodynamic	conditions	that	begin	
much	earlier	in	the	year.	Because	Castillo	did	not	consider	flows	at	other	times	of	the	year,	
it	is	not	possible	to	identify	the	actual	seasons	that	might	have	the	greatest	influence	on	
community	composition	in	the	fall.		

IEP	FLOAT-MAST	(2020)	

Similar	to	Brown	et	al.	(2014),	the	IEP	FLOAT-MAST	(2020)	formulated	a	number	of	
predictions	about	the	likely	effects	of	high	flows	in	2017	on	delta	smelt	and	its	habitat.	
They	used	a	qualitative	weight	of	evidence	approach	to	evaluate	whether	those	predictions	
were	supported	by	available	data.	The	foundational	prediction	was	that	physical	habitat	
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conditions	are	better	for	delta	smelt	when	the	low-salinity	zone	(LSZ,	as	indexed	by	X2)	is	
located	in	Suisun	Bay.	

Either	the	predictions	regarding	delta	smelt	responses	were	not	supported	by	the	available	
data	or	the	data	were	insufficient	to	draw	conclusions	(Box	12).	Moreover,	predictions	
regarding	increased	food	availability	were	not	supported	by	the	data,	specifically,	they	
drew	the	following	conclusions:		

“The	prediction	in	this	report	that	Delta	Smelt	would	grow	better	in	2017,	when	the	LSZ	was	
positioned	in	Suisun	Bay	during	the	fall	compared	to	when	it	was	positioned	near	the	
confluence	as	in	drought	years,	was	not	supported.”26		

“In	summary,	the	prediction	of	this	study	of	improved	health	status	in	response	to	wet	
conditions	in	2017	following	the	dry	years	was	not	supported.”27		

“Overall,	the	data	do	not	support	our	prediction	that	during	wet	years	feeding	success	will	
increase,	resulting	in	greater	food	consumption	by	Delta	Smelt.”28		

“The	prediction	that	survival	in	fall	2017	and	other	wet	years	would	be	higher	with	X2	being	
centered	over	Suisun	Bay	and	Marsh	compared	to	survival	with	X2	farther	upstream	near	the	
confluence	of	the	Sacramento	and	San	Joaquin	Rivers	was	not	supported.”29		

The	study	presented	provocative	observations	regarding	differences	in	fish	condition	by	
region:		
	
“Previous	work	by	Hammock	et	al.	(2015)	demonstrated	that	juvenile	Delta	Smelt	collected	
from	certain	geographic	regions	exhibited	significantly	depressed	nutritional	indices	and	
elevated	levels	of	histopathological	lesions,	suggesting	that	the	species	is,	at	a	minimum,	
regionally	stressed	by	contaminants	and	food	limitation.	Specifically,	Delta	Smelt	collected	
from	Suisun	Bay	were	under	relatively	higher	nutritional	stress	during	summer,	Delta	Smelt	
collected	from	Cache	Slough	showed	the	most	severe	level	of	liver	damage,	while	individuals	
from	Suisun	Marsh	were	in	relatively	good	condition	overall	(Hammock	et	al.	2015).”30	

“The	results	suggest	contaminant	exposure	and	toxicity	is	common	in	the	population.	
Regionally,	Delta	Smelt	collected	from	the	confluence	region	and	Suisun	Marsh	had	the	lowest	
liver	lesion	score,	while	Delta	Smelt	collected	from	Cache	Slough	and	Suisun	Bay	had	the	
highest	lesion	scores.”31	

Those	and	other	findings	in	the	report	suggest	that	with	depleted	food	supplies	in	the	fall	in	
Suisun	Bay	since	the	invasion	of	the	Asian	clam,	Suisun	Bay	does	not	hold	the	same	relative	
benefit	for	delta	smelt	that	it	may	once	have	(Figure	3).	

	
26	IEP	FLOAT-MAST	(2020)	p.158	
27	IEP	FLOAT-MAST	(2020)	p.186	
28	IEP	FLOAT-MAST	(2020)	p.	199	
29	IEP	FLOAT-MAST	(2020)	p.	229	
30	IEP	FLOAT-MAST	(2020)	p.	177	
31	IEP	FLOAT-MAST	(2020)	pp.	178-179	
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Box	12.	Summary	of	outcomes	of	predictions	in	FLOAT-MAST	2020.	

Table 19. Outcomes for predictions regarding the effects of high flows on Delta Smelt and Delta Smelt habitat. 
Green means that the data supported the prediction and red means the prediction was not supported. Gray 

indicates that data were insufficient to support a conclusion. No shading indicates there was no data to 
assess or that a preduiction based on flow was not approriate.		

	



28	
	

	
	
	

	
Figure	3.	Comparison	of	adult	calanoid	copepod	biomass	(average	of	September	and	October,	
in	μgC/m3)	between	key	regions	(source:	zooplankton	survey)	and	showing	elevated	biomass	
in	the	Confluence	compared	to	Suisun	Bay.	

	

The	findings	of	the	study	show	no	support	for	a	fall	action	improving	growth,	survival,	
health,	feeding	success	or	prey	availability	for	delta	smelt.		

Compass	Resource	Management	(2020	and	ongoing)	

In	support	of	the	structured	decision-making	process	for	delta	smelt	instituted	under	the	
Collaborative	Science	and	Adaptive	Management	Program,	Compass	Resource	Management	
developed	a	“dynamic	habitat	tool”	to	demonstrate	how	frequently	delta	smelt	habitat	
attributes	(factors)	were	in	adequate	ranges.	Output	from	the	tool	shows	the	frequency	of	
adequate	conditions	for	lower-flow	conditions	(less	than	median)	and	higher-flow	
conditions	(greater	than	median)	separately	(Boxes	13	and	14).	In	applying	the	tool,	one	
can	use	the	thresholds	derived	from	the	habitat	affinity	investigation	by	Hamilton	and	
Murphy	(2020).		
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Box	13.	Results	summary	from	the	Compass	Dynamic	Habitat	Tool.	Cells	with	thick	boarders	
have	a	minimum	frequency	of	adequate	conditions	of	75%.	Cells	with	thin	boarders	have	a	
minimum	frequency	of	adequate	conditions	of	66%.	

	

	

	

The	distribution	of	delta	smelt	varies	somewhat	with	flow	conditions.	In	lower-flow	
conditions,	on	average,	more	than	70%	of	the	delta	smelt	are	found	in	three	regions:	the	
lower	Sacramento	River,	the	Confluence,	and	the	north	Delta	(Cache	Slough/Yolo	area).	In	
higher-flow	conditions,	the	delta	smelt	are	slightly	more	dispersed	with	more	than	80%	of	
the	fish	are	found,	on	average,	in	five	regions:	the	three	regions	that	are	inhabited	in	lower-
flow	conditions	plus,	southeast	and	northwest	Suisun	Bay.	Northwest	Suisun	Bay	
consistently	experiences	lower	frequencies	of	adequate	food	conditions	than	the	other	four	
regions.		

The	dynamic	habitat	tool	shows	that	under	higher-flow	circumstances,	food	and	salinity	
conditions	are	adequate	more	frequently	in	the	Confluence	and	north	Delta	than	in	Suisun	
Bay	and	Suisun	Marsh.	This	suggests	that	improving	salinity	conditions	alone	does	not	
create	adequate	habitat	conditions	in	Suisun	Bay	and	Suisun	Marsh	under	high-flow	
conditions	(that	is,	in	wetter	years).	There	is	also	a	question	of	whether	delta	smelt	are	
habitat	limited	in	the	fall	of	wetter	years	given	that	conditions	are	frequently	adequate	for	
delta	smelt	from	the	Confluence	to	the	North	Delta.	
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Box	14.	Results	from	the	Compass	Dynamic	Habitat	Tool	for	September-October.	

	

	

California	Department	of	Fish	and	Wildlife	(2020)	

In	preparing	for	a	decision	on	the	Department	of	Water	Resources	request	for	an	Incidental	
Take	Permit	for	the	operation	of	the	SWP,	CDFW	prepared	a	document	titled	“Effects	
Analysis	–	State	Water	Project	Effects	on	Longfin	Smelt	and	Delta	Smelt”	(CDFW	2020).	In	
reference	to	a	Fall	X2	Action,	the	CDFW	“Effects	Analysis”	contains	no	original	analysis,	
rather	relies	on	the	findings	from	other	studies,	most	of	which	have	been	reviewed	here.		

CDFW	notes	that	notes	that	“several	peer-reviewed	publications	have	linked	the	location	of	
X2	to	the	amount	of	suitable	abiotic	habitat	for	DS	during	the	fall	(September	–	December)	
(Bever	et	al.	2016;	Feyrer	et	al.	2011;	IEP-MAST	2015).”32	While	resource	managers	may	be	
drawn	to	the	parsimonious	conclusion	that	delta	smelt	could	be	managed	through	the	
manipulation	of	a	summary	metric,	such	as	X2	or	the	extent	of	“abiotic	habitat,”	that	

	
32	CDFW	(2020)	p.	113	
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simplification	misses	essential	elements	of	habitat.	The	first	is	that	as	flows	increase,	food	
supplies	for	delta	smelt	decrease,	such	that	considering	merely	“abiotic	habitat”	in	
conservation	planning,	rather	than	actual	delta	smelt	habitat,	may	lead	to	serious	errors	in	
management	decision-making	(Hamilton	et	al.	2020).	While	outflow	increases	the	areal	
extent	of	the	low-salinity	zone,	general	implications	regarding	other	elements	of	habitat	
should	be	considered	with	caution.		

For	example,	the	Compass	Dynamic	Habitat	Tool	(Box	14)	shows	that	under	circumstances	
of	higher	flows	through	the	Delta	it	is	the	Confluence	that	has	high	frequencies	of	adequate	
food	and	salinity.	Why	then	would	a	management	action	intentionally	to	shift	fish	further	
west	where	food	is	frequently	inadequate?	A	likely	explanation	is	that	managers	were	
simply	unaware	of	the	risk	to	delta	smelt	of	a	Fall	X2	Action.	Food	availability	is	included	in	
every	conceptual	ecological	model	for	delta	smelt	that	includes	environmental	factors	(see	
Boxes	4,	5,	6,	7,	and	9)	and	is	a	habitat	requirement	frequently	found	in	quantitative	models	
to	limit	the	abundance	of	delta	smelt	(Maunder	and	Deriso	2011,	Miller	2012,	Hamilton	and	
Murphy	2018,	Polansky	et	al.	2021,	Hamilton	and	Murphy	2022),	but	it	has	been	ignored	as	
a	consideration	in	the	implementation	of	the	Fall	X2	Action.	

Another	frequent	argument	for	the	Fall	X2	Action	is	that	delta	smelt	“will	have	improved	
access	to	parts	of	Suisun	Bay	and	most	of	Suisun	Marsh	in	the	fall	of	wet	and	above	normal	
years.”33	This	rationale	is	only	valid	if	delta	smelt	are	habitat	limited.	Under	Liebeg’s	law	of	
the	minimum,	benefits	to	a	species	from	providing	more	of	a	resource	will	occur	only	when	
that	resource	is	limiting	the	performance	of	that	species.	We	are	not	aware	of	any	evidence	
to	suggest	that	delta	smelt	are	constrained	by	a	lack	of	habitat	with	physical	factor	
conditions	that	accommodate	delta	smelt	in	the	autumn.	If	habitat	is	not	currently	a	
limiting	factor,	why	provide	more	of	it?	In	theory,	if	a	resource	is	not	limiting,	providing	
more	of	it	will	not	help	the	targeted	species.	In	practice,	it	should	be	understood	that	
limiting	factors	manifest	as	well-defined	thresholds	that	differentiate	conditions	that	are	
adequate	from	those	that	are	inadequate.	Due	to	variations	in	individual	delta	smelt	
behavior	and	variation	in	sampling	schema,	thresholds	might	better	be	thought	of	as	
general	targets	to	inform	conservation	planning.	The	characterization	that	there	is	no	
benefit	to	providing	resources	that	are	not	limiting	should	not	imply	a	level	of	certainty	
that	does	not	exist.	If	physical	and	biotic	conditions	are	slightly	above	levels	that	may	limit	
delta	smelt	abundance,	there	may	well	be	a	benefit	to	the	species	by	addressing	that	
specific	environmental	factor	through	management	actions.	That	noted,	it	would	not	seem	
logical	that	a	species	that	is	exceedingly	rare	and	experiences	adequate	conditions	through	
much	of	its	range	(Box	13)	would	necessarily	benefit	by	increasing	the	extent	of	habitat.		

CDFW	makes	a	number	of	statements	that	attempt	to	justify	a	Fall	X2	Action	but	lack	
foundation.	Among	those:	

“We	focused	this	section	on	the	months	of	September	and	October,	as	these	are	critical	periods	
in	the	fall	for	DS.”34	No	data	or	citations	are	provided	to	support	the	statement	that	
September	and	October	are	critical	periods	for	delta	smelt.		

	
33	CDFW	(2020)	p.140	
34	CDFW	(2020)	p.113	
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“Ongoing	scientific	research	has	demonstrated	that	changes	in	abiotic	conditions	encountered	
by	rearing	DS	in	the	fall	have	significant	overall	effects	on	population	size.”35	No	data	or	
citations	are	provided	to	support	this	statement.		

“From	September	through	December,	sub-adult	DS	distribution	and	survival	responds	to	
changes	in	abiotic	conditions	in	the	low	salinity	portion	of	the	estuary.”36	No	data	or	citations	
are	provided	to	support	the	statement	that	survival	responds	to	changes	in	abiotic	
condition	in	the	low	salinity	portion	of	the	estuary	in	the	fall.	

“This	Condition	of	Approval	(the	Fall	X2	Action)	will	provide	DS	access	to	parts	of	Suisun	Bay	
and	Marsh	where	regional	water	temperatures	are	lower	(Figure	48),	turbidities	are	higher,	
and	survival	is	improved.”37	No	data	or	citations	are	provided	to	support	higher	survival	in	
these	regions	compared	to	other	regions	frequently	occupied	by	delta	smelt	in	the	fall,	nor	
that	lowering	salinity	in	these	parts	of	the	Delta	will	result	in	smelt	moving	to	those	
regions.		
	
“These	models	show	that	a	X2	of	80	km	produces	approximately	1,340	hectares	more	low	
salinity	habitat	than	a	X2	of	81	km.”38	By	“more	low	salinity	habitat”	the	authors	
presumably	mean	more	“habitat	in	the	low	salinity	zone.”	But	the	referenced	models	do	not	
address	food	for	delta	smelt.	CDFW	presents	no	evidence	to	suggest	that	X2	at	80km	
provides	more	habitat	for	delta	smelt,	since	habitat	has	to	address	all	habitat	elements	in	
the	conceptual	model	for	which	data	are	available.	

“Therefore,	maintaining	outflow	to	achieve	an	X2	of	80	km	or	less	in	September	and	October	
of	wet	and	above	normal	water	years	will	contribute	to	maintaining	DS	low	salinity	zone	
habitat	in	areas	where	water	temperatures	are	likely	to	be	cooler	and	bathymetric	complexity	
is	higher	in	addition	to	maintaining	a	greater	total	extent	of	habitat.”39	

No	data	or	citations	are	provided	to	support	that	X2	at	80	km	provides	more	habitat,	only	
“abiotic	habitat,”	which	is	an	invalid	concept.	While	some	tend	to	think	that	bathymetric	
complexity	is	associated	with	higher	survival	rates	in	delta	smelt,	no	evidence	supports	
that	premise;	science	is	advanced	by	confronting	hypotheses	with	data,	not	by	suggestion,	
assertion,	or	surmise.	CDFW	provides	no	information	on	bathymetric	conditions	in	various	
regions	of	the	delta	to	support	the	statement	that	bathymetric	complexity	is	either	
necessary	or	high.	Water	temperatures	appear	to	be	frequently	cooler	in	the	Sacramento	
River	and	east	Delta	under	high	flow	conditions	than	in	Suisun	Bay	(Box	14).	And	since	
CDFW	did	not	quantitatively	evaluate	food	conditions,	there	are	no	citations,	data,	or	
evidence	to	support	the	supposition	that	shifting	X2	incrementally	downstream	in	the	
upper	estuary	contributes	to	a	greater	extent	of	delta	smelt	habitat.			

“Based	on	this	examination	of	Dayflow	data,	fall	hydrology	(September–October)	appears	to	
be	highly	managed	with	SWP	daily	export	rates	often	matching	or	exceeding	the	

	
35	CDFW	(2020)	p.139	
36	CDFW	(2020)	p.139	
37	CDFW	(2020)	p.139	
38	VDFW	(2020)	p.140	
39	CFDW	(2020)	p.116	
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corresponding	outflow	for	the	same	time	period.	Observed	fall	outflows	resemble	a	constant,	
stable,	low	flow	period	where	DS	habitat	is	consistently	outside	of	Suisun	and	mostly	within	
the	confluence	of	the	Sacramento	and	San	Joaquin	rivers,	or	upstream.	This	has	the	effect	of	
reducing	the	extent	and	quality	of	available	DS	habitat.”40	Delta	smelt	would	have	evolved	in	
an	ecosystem	in	which	it	is	likely	that	“fall	outflows	resemble[d]	a	constant,	stable,	low	flow	
period	where	DS	habitat	is	consistently	outside	of	Suisun	and	mostly	within	the	confluence	of	
the	Sacramento	and	San	Joaquin	rivers,	or	upstream.”	Water	project	operations	now	
contribute	to	a	Delta	that	is	less	saline	than	it	historically	was	in	the	autumn	(Hutton	et	al.	
2015).		

“Findings	from	(Miller	et	al.	2012;	Rose	et	al.	2013a;	Rose	et	al.	2013b)	have	demonstrated	
that	increased	prey	density	for	rearing	DS	may	also	have	significant	beneficial	effects	on	
population	size	during	this	time.	As	discussed	in	Section	7.6	of	this	Effects	Analysis,	by	shifting	
the	geographical	location	of	low	salinity	zone	habitat	through	increases	in	outflow,	DS	will	
also	have	improved	food	availability,	either	through	access	to	more	productive	wetlands	in	
Suisun	Marsh	(Brown	et	al.	2016)	or	by	subsidizing	food	resources	into	the	area	from	
freshwater	regions	upstream	(Jassby	and	Powell	1994;	Kimmerer	2002b;	Kimmerer	et	al.	
2018).”41	Conclusions	regarding	improvement	in	food	availability	are	based	on	deduction,	
not	on	data,	and	the	conclusions	reached	regarding	food	are	not	consistent	with	either	
available	data	(Box	14)	or	quantitative	studies	(Hamilton	et	al.	2020).	Miller	et	al.	2012	did	
not	demonstrate	increased	prey	density.	

Polansky	et	al.	(2021)	

Ken	Newman,	Leo	Polansky,	Will	Smith,	Lara	Mitchell,	and	others	at	USFWS	developed	a	
state-space	life-cycle	model	for	delta	smelt.	That	model	and	model	results	have	been	
presented	in	several	workshops.	The	Service	has	made	the	supporting	technical	notes	
publicly	available.	The	workshop	presentations	and	related	files	are	available	online.42	

The	Service’s	life-cycle	model	considers	four	vital	rates:	post-larval	recruitment	from	
adults	in	winter,	post-larval	survival	(from	spring	to	summer),	juvenile	survival	(from	
summer	to	fall)	and	subadult	survival	(from	fall	to	winter)	(Box	15).	Each	vital	rate	is	
potentially	affected	by	multiple	candidate	covariates.	Because	there	are	too	many	
candidate	covariates	to	include	in	the	global	model,	the	authors	conducted	a	series	of	
single-factor	analyses	to	select	the	most	likely	candidate	covariates.	The	Service	considered		

	

	

	

	
40	CDFW	(2020)	p.116	
41	CDFW	(2020)	p.140	
42	Delta	Smelt	Life	Cycle	Model	|	Powered	by	Box		
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Box	15.	The	Structure	of	the	USFWS	life-cycle	model,	from	slide	4	of	a	presentation	to	the	Bay	
Delta	Science	Conference	2021,	and	from	slide	13	of	the	Second	Workshop.	

	

	
	

several	factors	in	the	selection	process	--	Pearson	correlations	combined	with	inspection	of	
pairwise	scatterplots	to	reveal	non-linearities,	evidence	values	(the	proportion	of	the	
posterior	values	above	zero	when	the	expected	effect	is	positive,	or	below	zero	when	the	
expected	effect	is	negative),	and	mean	slope	coefficient	(which	indicates	effect	size,	because	
the	Service	standardized	their	covariates)	combined	with	process	noise	variance	
parameter	estimates.	Even	with	the	systematic	process,	some	covariates	had	a	similar	
statistical	basis	for	being	included	in	the	global	model.	One	example	is	food	and	inflow	for	
post-larval	survival.	Due	to	correlations	between	variables	only	one	factor	should	be	
included.	The	selection	of	one	covariate	over	another	should	reflect	the	purpose	for	which	
the	model	is	applied.	In	this	particular	case,	if	a	flow	action	was	being	considered,	inflow	
would	be	the	more	relevant	covariate,	whereas	if	a	food	action	was	being	considered,	the	
food	covariate	would	be	more	relevant.	By	working	through	this	process,	the	Service	
identified	candidate	covariates	to	include	in	their	global	model	–	these	are	identified	with	
an	asterisk	in	Table	C.1	(Box	16).	Once	in	the	global	model,	the	Service	was	able	to	identify	
the	factors	that	had	the	largest	effect	on	changes	in	abundance	and	the	vital	rates	they	
affected	(Box	17).	As	Polansky	et	al.	(2021)	note	in	the	caption	to	Table	C.1	(Box	
16),covariates	generally	were	calculated	as	means	or	medians	of	daily	values	over	March-
May,	June-August,	September-November,	and	December-February	for	ρ,	φP	L,	φJ	,	and	φSA,	
respectively,	with	a	few	exceptions	that	shift	the	start	and	end	times	by	one	month,	related	
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Box	16.	Candidate	covariates	considered	to	estimate	vital	rates,	from	supplemental	material	
to	Polansky	et	al.	(2021).	

	

	
	

to	data	availability	or	management	needs.	For	Secchi	values	and	water	temperature,	
averages	were	calculated	across	all	stations	except	in	the	summer	and	fall.	Stations	from	
the	south	delta	were	excluded	from	the	calculations.		
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Box	17.	A	representation	of	the	relative	importance	(evidence*effect)	of	the	candidate	
covariates	included	in	the	Fish	and	Wildlife	Service’s	global	life-cycle	model.	

	

	

Their	list	of	initial	covariates	was	consistent	with	factors	recognized	in	earlier	conceptual	
ecological	models.	The	position	of	X2	in	the	autumn	was	found	to	influence	subsequent	
recruitment	(the	fourth	bar	in	the	top	left	graph	in	Box	15).	The	Service	did	not	speculate	
on	the	biological	mechanism	underlying	this	relationship.		

Lewis	et	al	(2021)	

Using	otolith	analysis	approaches,	Lewis	et	al	(2021)	examined	how	growth	rates	of	wild	
subadult	delta	smelt	collected	between	from	2011	to	2019	varied	ontogenetically,	by	
region,	and	in	relation	to	the	physical	environment	during	late-summer	and	fall.	The	age	of	
the	individual	delta	smelt	explained	60%	of	the	variation	in	log10-transformed	growth	
rates,	which	peaked	at	50−80	days	post	hatch.	Overall,	age-adjusted	growth	rates	declined	
at	temperatures	>20°C	and	increased	with	practical	salinity	values	of	0−4.		

In	the	central	Delta,	growth	increased	as	salinity	increased	(see	Box	18)	but	growth	was	
unrelated	to	changes	in	salinity	in	the	western	Delta	–	suggesting	that	managing	outflow	to	
make	the	western	Delta	fresher	will	not	increase	delta	smelt	growth	rates	(although	the	
number	of	observations	of	delta	smelt	from	the	western	Delta	were	few).		
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Box	18.	The	influence	of	temperature,	salinity	and	Secchi	depth	on	growth	of	delta	smelt	by	
major	region	from	Lewis	et	al.	(2021).	

	
	

	

Major	regions	in	the	upper	
estuary	from	Lewis	et	al	
(2021).	
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Hammock	et	al.	(2022)	

Hammock	et	al	(2022)	focused	on	two	indicators	of	delta	smelt	condition:	Hepatosomatic	
index	(HSI;	the	percentage	of	body	weight	comprised	by	the	liver)	and	Condition	factor	(CF;	
body	weight	divided	by	fork	length	cubed).	They	sought:	first,	to	understand	how	these	
factors	varied	temporally	(Box	19)	and	spatially	(Box	20),	and	second	to	explain	the	
variation	in	the	condition	indicators.		

“HSI	was	positively	correlated	with	indicators	of	pelagic	productivity	(e.g.,	Chlorophyll	a,	
zooplankton	biomass,	and	proximity	to	tidal	wetlands),	whereas	CF	was	negatively	correlated	
with	temperature,	peaking	at	a	relatively	cool	10–13oC.	In	sum,	seasonal	and	interannual	
variation	in	body	condition	corresponded	strongest	with	pelagic	productivity	and	water	
temperature,	with	little	correlation	to	freshwater	outflow.”		

“Rather	than	responding	to	water	year	type,	fall	HSI	and	CF	instead	declined	steadily	over	the	
nine-year	study”	due	to	“some	combination	of	low	pelagic	productivity	and	high	water	
temperatures.”	

	

Box	19.	Seasonal	differences	in	HSI	and	CF.	
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Box	20.	Regional	differences	in	HSI	and	CF.	

	
	

They	observed	“poor	CF	during	summer	was	driven	largely	by	high	water	temperature,	
whereas	poor	HSI	during	fall	was	driven	more	by	food	web	related	factors	(Chl	a,	
zooplankton,	and	tidal	wetland	access).”		

“Although	our	results	are	consistent	with	the	hypothesis	of	a	survival	bottleneck	during	
summer	into	fall	(Fig.	3),	they	are	less	consistent	with	the	proposed	mechanism	of	decreased	
access	to	more	seaward	habitat	(Moyle	et	al.,	1992;	Bennett,	2005;	USFWS,	2008;	Feyrer	et	al.,	
2011).”		

“X2	had	only	a	minor	influence	on	HSI	and	CF	and	its	effects	were	in	opposing	directions.”	
	
In	other	words,	while	they	found	that	indicators	of	delta	smelt	condition	were	lowest	in	the	
autumn,	poor	HSI	was	driven	by	food-web-related	factors	and	was	less	consistent	with	
decreased	access	to	more	(western)	seaward	habitat	
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Quantitative	Assessment		

Having	previewed	the	prior	work,	the	next	step	in	this	analysis	of	the	effectiveness	of	the	
Fall	X2	Action	is	to	assess	quantitatively	the	management	objectives	that	were	specified	
earlier	here	in	the	section	headed	“a	review	of	the	objectives	of	the	action.”	The	objectives	
are	implicit	hypotheses	that	can	and	should	be	tested	to	assess	the	effectiveness	of	the	
actions.		
		
The	objectives,	together	with	proposed	assessment	methods	are	--	
	

1) increasing	growth	rates	of	delta	smelt	during	September	and	October,	assessed	by	
utilizing	recent	otolith	studies	

2) increasing	survival	rates	of	delta	smelt	through	September	and	October,	assessed	by	
comparing	a)	the	average	of	the	FMWT	Index	for	November	and	December	with	that	
for	September	and	October	and	b)	the	ratio	of	the	FMWT	abundance	to	the	summer	
abundance	

3) increasing	recruitment	rates,	therefore	increasing	subsequent	abundance,	assessed	
by	comparing	the	ratio	of	abundances	in	the	summer	tow	net	survey	as	estimated	by	
Polansky	et	al.	(2019)	to	the	prior	fall	midwater	trawl	index	

	
Those	outcomes	should	result	from	

4) an	increase	in	prey	availability	from	September	through	December,	assessed	using	
changes	in	calanoid	copepod	abundances	from	the	zooplankton	survey		

5) an	increase	in	the	extent	of	(actual)	habitat,	assessed	using	the	previously	specified	
habitat	definition	and	the	areal	extent	of	the	Delta	that	each	station	represents	(see	
Feyrer	et	al.	2007)		

	
Collectively,	these	effects	should	result	in	

6) an	increase	in	subsequent	delta	smelt	abundance,	assessed	using	an	empirical	life-
cycle	model	
	

Delta	smelt	growth	

The	first	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	during	the	
autumns	of	wetter	years	increases	the	growth	(bodyweight)	of	delta	smelt.	Length	data	are	
collected	along	with	the	FMWT	survey,	but	length	data	tend	to	be	erratic.	To	improve	the	
likelihood	that	the	averages	calculated	from	length	data	more	accurately	reflect	the	true	
averages,	one	can	increase	sample	size	by	averaging	the	fork	lengths	for	September-
October	and	November-December,	then	calculate	the	difference.	Despite	the	data	
aggregation,	the	calculated	growth	rates	were	negative	in	five	years	suggesting	that	the	
sampling	was	insufficient	to	determine	growth	rates	from	length	data	in	the	FMWT.	The	
use	of	otolith	data	is	likely	a	better	method	for	assessing	growth.	Hobbs	et	al.	(2021)	
utilizing	otolith	analyses	noted	that	“regional	comparisons	of	recent	growth	were	
complicated	by	the	limited	number	of	samples	caught	among	regions	and	years,	but	
generally	we	did	not	find	consistent	regional	pattern	in	growth	rates.”	There	is	insufficient	
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data	to	conclude	that	delta	smelt	growth	rates	in	Suisun	Bay	were	greater	than	anywhere	
else	in	the	estuary.	Both	Hobbs	et	al.	(2021)	and	Ramirez-Duarte	(2021)	pointed	to	
temperature,	rather	than	salinity,	as	the	predominant	influence	on	delta	smelt	growth.	
Lewis	et	al.	(2021)	also	used	otolith	analysis	to	study	growth	rates	considering	both	
intrinsic	factors	(individual	age	and	growth	rate)	and	extrinsic	factors	(region,	year,	
temperature,	salinity,	clarity),	noting	decline	in	growth	at	higher	temperatures.	Generally,	
the	authors	found	highest	growth	rates	in	a	salinity	range	between	0.5	and	4	ppt.	Notably,	
by	making	the	central	Delta	fresher,	where	most	of	the	fish	are	located	in	the	autumn,	
growth	rates	in	that	subregion	would	decrease	(Box	18,	E),	the	opposite	of	the	effect	
anticipated	with	a	Fall	X2	Action.	Lewis	et	al.	suggested	that	delta	smelt	foraging	success	
was	higher	in	the	more	brackish	subregions	of	the	Delta	but	did	not	posit	an	explanation	
for	why	growth	in	the	central	Delta	decreases	as	waters	there	become	fresher.		
	
Delta	smelt	survival	

The	second	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	during	the	
autumn	increases	survival	rates	of	delta	smelt	in	September	and	October.	Survival	rates	
tend	to	be	difficult	to	detect	in	trawl	data	due	to	the	variability	in	the	monthly	data	(see	
Polansky	et	al.	2019).	Brown	et	al.	(2014)	suggested	using	abundance	data	in	summer	to	
predict	abundance	in	fall.	Running	that	regression	for	the	period	1990	to	2014	and	using	
the	index	data	from	Polansky	et	al.	(2019)	the	authors	found	the	position	of	X2	in	the	upper	
estuary	in	autumn	to	have	no	influence	on	survival	(P=0.661)	with	an	R2	of	0.009	
(Appendix	A).	
	
Delta	smelt	recruitment	

The	third	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	during	the	
autumn	increases	recruitment	rates.	Brown	et	al.	(2014)	suggested	gauging	recruitment	by	
estimating	summer	abundance	from	prior	factors.	That	approach	was	employed	by	Feyrer	
at	al.	(2011)	and	Mount	et	al.	(2013),	both	of	whom	estimated	summer	abundance	as	a	
function	of	stock	(abundance	in	the	prior	fall)	and	the	position	of	X2	in	the	upper	estuary	in	
the	autumn.	We	utilized	the	same	approach,	but	also	included	a	spring	X2	covariate	using	
abundance	indices	from	Polansky	et	al.	(2019)	from	1990	through	2014.	Feyrer	et	al.	
(2010)	and	Mount	et	al.	(2013)	used	different	functional	forms.	We	tested	both	forms	and	
there	was	no	relationship	between	fall	X2	and	recruitment	when	spring	X2	was	included	as	
a	covariate.	Using	the	functional	form	employed	by	Feyrer	et	al.	(2011)	(equation	1)	X2	in	
the	autumn	had	a	P	value	of	0.23	(Appendix	B-1)	and	using	the	functional	form	employed	
by	Mount	et	al.	(2013)	(equation	2)	X2	had	a	P	value	of	0.96	(Appendix	B-2).	
	
Prey	availability	to	delta	smelt	

The	fourth	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	
during	the	autumn	increases	prey	availability	in	September	through	December.	
Zooplankton	data	are	obtained	from	monthly	surveys	across	the	Delta	and	Suisun	
Bay.	We	regressed	average	fall	X2	location	during	September	and	October	(to	
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match	the	zooplankton	data)	against	average	adult	calanoid	biomass.	The	analysis	
was	limited	to	zooplankton	densities	in	September	and	October	in	the	better-
occupied	regions	for	delta	smelt	at	that	time	of	the	year	–	the	lower	Sacramento	
River	through	Suisun	Bay	and	Suisun	Marsh.	There	was	no	evidence	that	the	
position	of	X2	affected	prey	availability	during	the	same	period	using	either	the	full	
range	of	years	(P=0.83,	R2=0.002,	Appendix	C-1)	or	only	years	wetter	than	normal	
(P=0.726,	R2=0.01,	Appendix	C-2).	Box	21	shows	that	prey	density	diminishes	with	
downstream	movement,	consistent	with	the	findings	by	Kimmerer	et	al.	that	
indicate	that	the	LSZ	is	a	sink	for	zooplankton	(Kimmerer	et	al.	2018).	That	result	is	
also	consistent	with	the	finding	from	Schultz	et	al.	(2020)	--	“Our	results	for	2017	do	
not	support	the	prediction	that	when	the	LSZ	overlaps	with	Suisun	Bay/Marsh	in	the	
fall	period	Delta	Smelt	prey	will	be	greater	in	this	area	than	other	regions	and/or	
that	prey	will	increase	during	the	Fall	X2	Action	period.”43	Hamilton	et	al.	(2020)	
when	considering	the	influence	of	flows	on	distribution	of	prey	items	used	by	delta	
smelt	found	that	increased	flows	in	the	fall	decreased	prey	availability	in	Suisun	
Bay	and	the	lower	Sacramento	River	(including	around	Decker	Island),	but	
increased	prey	availability	around	Chipps	Island	(Box	22).	

Collectively	these	studies	offer	evidence	that	the	Fall	Outflow	Action	will	not	increase	the	
overall	food	supply	available	for	delta	smelt.	Rather	the	action	diminishes	food	from	levels	
that	are	adequate	in	regions	where	the	fish	are	located	and	moves	it	downstream	to	where	
mortality	rates	for	zooplankton	appear	to	be	higher	(Box	21)	and	food	is	less	frequently	
adequate	(Box	14).		

Areal	extent	of	delta	smelt	habitat		

The	fifth	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	during	the	
autumn	increases	the	extent	of	habitat	in	the	autumn.	Habitat	and	habitat	area	may	be	
specified	in	a	number	of	ways.	Habitat	indexes	and	the	area	of	the	low-salinity	zone	have	
been	used	as	indicators	(or	surrogates)	of	habitat	area	(Feyrer	et	al.	2011,	Kimmerer	et	al.	
2013).	And	there	is	a	well-established	relationship	between	the	location	of	X2	in	the	upper	
estuary	in	the	autumn	and	the	extent	of	the	low-salinity	zone	(Kimmerer	et	al.	2013).	The	
Service	argued	that	X2	was	“a	surrogate	indicator	of	habitat	suitability	and	availability	for	
delta	smelt	in	all	years.”44	That	claim	was	refuted	by	Murphy	and	Weiland	(2019a)	on	the	
basis	that	large	expanses	within	the	low-salinity	zone	are	unoccupied	by	delta	smelt	and	
the	species	consistently	occurs	outside	of	it.	Given	that	some	measurements	of	“habitat	
area”	have	focused	on	the	area	of	the	low-salinity	zone	but	excluded	other	factors	that	
contribute	to	habitat,	such	as	food,	it	is	worth	reviewing	the	primary	attributes	influencing	
occupancy,	therefore	habitat.		
	

	
43	Schultz	et	al.	(2202)	Report	#1,	p.237-238.	
44	USFWS	(2008)	p.373	
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Box	21.	Changes	in	biomass	of	calanoid	copepods	through	the	Upper	Estuary	from	Hamilton	
et	al.	(2020).	Note	the	decline	in	biomass	from	the	Lower	Sacramento	moving	into	Suisun	Bay.	
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Box	22.	Projected	biomass	of	Calanoid	Copepods	in	September	(top)	and	October	(bottom)	
before	(left	column)	and	after	(right	column)	a	4,500	cfs	change	in	flows.	Green	bares	denote	
an	increase	and	orange	columns	a	decrease	in	biomass.		
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Occupancy	for	delta	smelt	has	been	determined	to	be	influenced	by	temperature,	turbidity,	
salinity,	and	prey	availability	(Latour	2016,	Polansky	et	al.	2018,	Petersen	and	Barajas	
2018,	Simonis	and	Merz	2019).	Additional	environmental	conditions	may	affect	detection	
in	surveys	but	not	necessarily	occupancy.	These	include	tide	stage,	time	of	day,	and	water	
velocity.45	A	simple	indicator	of	the	extent	of	habitat	would	be	the	number	(or	percentage)	
of	survey	stations	in	the	FMWT,	where	the	primary	habitat	attributes	are	all	in	adequate	
ranges	(since	the	FMWT	covers	most	of	the	range	of	delta	smelt	--	Figure	4).	For	the	range	
of	adequate	conditions,	we	used	the	range	of	attribute	values	that	have	affinity	values	
greater	than	one,	as	determined	by	Hamilton	and	Murphy	(2020).	Those	threshold	values	
are	reported	in	Table	1.	The	percentage	of	stations	with	adequate	conditions,	can	be	binned	
into	ranges	of	X2	locations.	The	X2	range	of	74-77km	had	the	highest	percentage	of	stations	
with	adequate	conditions	for	all	four	habitat	attributes	simultaneously	--	at	just	9%	(Figure	
5).	The	standard	deviations	around	the	mean	were	high,	meaning	that	differences	between	
X2	ranges	were	not	significant.	Despite	the	fact	that	the	habitat	index	developed	by	Feyrer	
et	al.	(2011)	did	not	include	prey	as	a	contributing	factor,	Feyrer	et	al.’s	analysis	for	
recruitment	(Box	2,	C)	for	the	post-clam	period	can	be	revisited.	The	habitat	index	in	the	
post	clam	period	provided	no	explanation	for	the	variation	in	fall	abundance	(R2=0.05,	P	
value	for	the	habitat	index	=	0.310,	Appendix	D).		
	

	

Figure	4.	Locations	of	fall	midwater-trawl	sampling	(FMWT)	stations	in	the	San	Francisco	
Bay	estuary.	Source:	Brown	et	al.	(2014,	Appendix	4,Figure	4-1.)	

	
45	Turbidity	has	been	treated	both	as	a	detection	variable	(Petersen	and	Barajas	2018)	and	as	an	
occupancy	variable	
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Figure	5.	The	percentage	of	stations	that	had	adequate	conditions	for	turbidity,	temperature,	
salinity	and	prey	availability	simultaneously	at	different	ranges	of	X2	for	September	and	
October	from	1987	to	2012.	Adequate	conditions	were	those	defined	by	Hamilton	and	Murphy	
(2020).	Abiotic	conditions	were	obtained	from	the	Fall	Midwater	Trawl	survey.	Zooplankton	
data	were	obtained	from	the	zooplankton	survey.	The	error	bars	denote	one	standard	
deviation	around	the	means.	The	numbers	above	the	columns	denote	the	number	of	stations	
in	each	X2	range.	

	

Delta	smelt	abundance	

The	sixth	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	during	the	
autumn	provides	a	population	benefit	to	delta	smelt.	Adaptive	Management	Element	6b	
(page	4)	requires	a	multivariate	quantitative	assessment	of	impacts	from	the	action	
impacts	to	evaluate	the	effect	of	the	action	on	the	population.	Three	quantitative	
multivariate	studies,	reviewed	earlier,	considered	X2	in	the	autumn	as	a	candidate	
covariate,	but	found	no	influence	of	that	covariate	on	delta	smelt	abundance	(Mac	Nally	et	
al.	2010,	Thomson	et	al.	2010,	Miller	et	al.	2012).	

Hamilton	and	Murphy	(2018)	developed	a	life-cycle	model	for	delta	smelt	utilizing	a	
limiting-factors	approach	that	explained	88%	of	the	variation	of	fall	abundance	without	
including	fall	X2.	That	limiting	factor	model	was	updated	with	a	new	version	of	the	model	
capable	of	considering	many	more	covariates	(Hamilton	and	Murphy	2022).	That	version	
considered	64	candidate	covariates,	including	the	position	of	X2	in	the	upper	estuary.	The	
preferred	model	with	eight	covariates	had	an	adjusted	R2	of	0.91	and	a	cross	validation	R2	
of	0.86.	Fall	X2	was	not	included	in	the	preferred	model	–	that	is,	it	did	not	contribute	to	
explaining	variation	in	abundance.	



47	
	

To	date,	four	multivariate	studies	considered	Fall	X2	as	a	candidate	factor	contributing	to	
the	abundance	of	delta	smelt.	Three	have	found	no	support	for	it.	One	study	by	Polansky	et	
al.	(2021)	has	found	support	for	it.		

Adverse	Modification	of	Critical	Habitat	

Critical	Habitat	is	defined	under	the	ESA	as	areas	essential	to	the	conservation	of	listed	
species.	As	such,	designation	of	critical	habitat	is	a	legal	construct	independent	of	the	actual	
(ecological	definition)	of	habitat	for	a	listed	species.	Federal	agencies	are	prohibited	from	
destroying	or	“adversely	modifying”	critical	habitat	or	issuing	permits	to	so	do.	The	critical	
habitat	designation	for	delta	smelt	includes	the	entire	“legal”	Delta,	including	much	
landscape	area	not	occupied	or	seldom	occupied	by	delta	smelt.		

In	its	2008	Biological	Opinion	USFWS	did	not	demonstrate	adverse	modification	of	Critical	
Habitat	for	delta	smelt;	however,	it	observed	that	the	decrease	in	the	area	of	available	
habitat	for	delta	smelt	“alone	is	a	significant	adverse	effect	on	delta	smelt”	(USFWS	
2008:374).	That	finding	requires	a	working	definition	of	habitat	that	recognizes	the	full	
range	of	essential	resource	attributes.	But	the	Service’s	determination	was	based	primarily	
on	changes	in	the	location	of	the	low-salinity	zone.	As	noted	earlier,	the	critical	issue	
overlooked	in	the	two	biological	opinions	is	that	a	change	in	one	environmental	factor	does	
not	necessarily	represent	an	adverse	modification	of	habitat,	critical	or	otherwise,	for	two	
reasons.	First,	if	the	change,	for	example	an	increase	in	salinity,	occurs	in	an	area	where	
there	is	inadequate	food,	then	the	area	did	not	constitute	habitat,	therefore	there	would	be	
destruction	or	adverse	modification	of	habitat,	critical	or	otherwise.	Second,	there	may	be	
offsetting	changes.	Salinity	may	be	increased	(potentially	detrimental	to	delta	smelt),	but	
water	temperature	may	be	decreased	(potentially	beneficial	to	delta	smelt).		

Conducting	effects	analysis	without	defining	and	considering	the	consequences	to	all	of	the	
constituent	elements	of	habitat	cannot	stand	as	“best	science.”	The	use	of	either	the	extent	
of	the	LSZ	or	the	location	of	X2	as	indicators	of	the	extent	of	habitat	has	not	been	validated,	
hence	it	does	not	meet	the	requirements	of	best	available	science	--	nor	does	a	“habitat	
index”	that	does	not	include	food	as	a	component	of	habitat.		

That	aside,	the	key	question	of	whether	or	not	there	has	been	an	adverse	modification	of	
critical	habitat	for	delta	smelt	at	least	requires	an	understanding	of	historical	outflow	
through	the	Delta.	Hutton	et	al.	(2015)	addressed	the	causes	for	changes	in	salinities	in	the	
Delta	over	decades.	The	study	investigated	periods	both	before	and	after	the	construction	
of	reservoirs	in	the	Sacramento	River	watershed.	In	general,	those	reservoirs	store	runoff	
during	the	first	part	of	the	year	and	release	it	during	the	second	part	of	the	year.	Because	
the	State	Water	Resources	Control	Board	(SWRCB)	only	permits	a	portion	of	the	water	
released	from	reservoirs	to	be	diverted,	Hutton	et	al.	(2015)	concluded	the	Delta	is	fresher	
in	the	fall	that	it	would	have	been	under	historical	circumstances.	That	is,	the	water-export	
projects	can	be	viewed	as	not	adversely	impacting	the	extent	and	quality	of	delta	smelt	
habitat	in	the	autumn,	as	was	asserted	by	USFWS	(2008).	
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Conclusions	and	the	need	for	reassessment	

Here	we	have	reviewed	the	basis	for	the	Fall	X2	Action,	as	well	as	numerous	studies	since	
the	release	of	the	2008	Biological	Opinion	(Table	2),	utilizing	publicly	available	data	and	
following	procedures	consistent	with	rigorous	effects	analyses	(see	Murphy	and	Weiland	
2011)	to	evaluate	the	effectiveness	of	the	Fall	X2	Action.	Investigations	that	are	frequently	
cited	as	supporting	a	Fall	X2	Action	are	shown	not	to	support	the	management	action.	

Feyrer	et	al.	(2007)	found	a	population	benefit	to	delta	smelt	from	outflow	that	positions	
the	low-salinity	zone	in	more	western	positions,	they	but	did	so	incorrectly.	They	
attributed	the	population	benefits	to	flows	in	the	autumn,	not	the	correlated	flows	in	the	
subsequent	spring,	which	have	more	significant	influence	on	abundance	(Appendix	B).	The	
study	by	Feyrer	et	al.	(2011)	found	a	relationship	between	X2	in	the	autumn	and	
abundance	of	delta	smelt,	but	only	because	they	included	data	prior	to	the	invasion	of	the	
Asian	clam.	There	is	no	relationship	between	their	constructed	habitat	index	and	
abundance	of	delta	smelt	in	the	autumn	since	the	invasion	of	the	Asian	clam	in	the	upper	
estuary.	

In	their	“effects	analysis”	CDFW	(2020)	confounded	the	concept	of	“abiotic	habitat”	(an	
illegitimate	concept)	with	that	of	actual	habitat.	By	ignoring	food	conditions,	they	
supported	an	action	that	would	move	delta	smelt	out	of	suitable	regions	in	the	Delta	into	
areas	where	food	is	frequently	inadequate	(Box	14)	leading	to	detrimental	consequences	
for	delta	smelt.			

Life-cycle	models	are	valuable	tools	that	enable	evaluation	of	management	actions.	Four	
multivariate	models	that	considered	fall	X2	as	a	candidate	covariate	found	that	an	autumn	
outflow	covariate	had	no	statistical	influence	on	variation	in	the	abundance	of	delta	smelt	
(Mac	Nally	et	al.	2010,	Thomson	et	al.	2010,	Miller	et	al.	2012,	Hamilton	and	Murphy	2022).	
The	USFWS	life-cycle	model	found	a	relationship	between	the	position	of	X2	in	the	autumn	
and	recruitment,	but	given	the	results	presented	in	Appendix	B	(in	Hamilton	and	Murphy	
2020),	it	is	possible	that	the	outflow	covariate	was	found	to	be	relevant	because	some	
other	more	relevant	variables	were	not	included	in	the	Service’s	model	or	because	of	the	
specification	of	certain	variables	that	were	included.	For	example,	the	Service	included	
inflow	to	the	Delta	as	a	candidate	covariate.	Hamilton	and	Murphy	(2022)	considered	that	
variable	and	the	magnitude	of	the	first	flush,	finding	the	latter	to	have	a	stronger	
association	with	the	performance	of	delta	smelt.		

USFWS	(2008)	was	also	concerned	about	adverse	modification	of	habitat.	Hutton	et	al.	
(2015)	demonstrated	that	water	projects	have	improved	salinity	conditions	in	the	autumn	
in	the	Delta	and	Suisun	Bay.	Hamilton	et	al.	(2020)	found	that	increased	flows	in	the	
autumn	depleted	food	supplies	for	delta	smelt	throughout	their	range,	making	the	Fall	X2	
Action	itself	an	adverse	modification	of	habitat,	that	is	deleterious	to	habitat	quality.	

In	an	adaptive	management	framework,	it	meets	best	professional	practice	criteria	to	
identify	performance	measures,	set	quantitative	management	targets,	design	monitoring	
programs	to	enable	the	effectiveness	of	management	actions	to	be	evaluated,	and	to	
periodically	review	the	effectiveness	of	those	actions.	The	Fall	X2	Action	has	been	left	
mostly	wanting	in	these	areas.	Adaptive	management	is	a	learning	process,	not	a	judgment	
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Table	2.	Summary	of	the	Review	of	Previous	Studies.	CDFW	(2020)	is	not	included	here	
because	it	did	not	present	new	findings.	

		

Author(s)	 Summary	of	Findings	
Feyrer	et	al.	(2007)	 Found	a	relationship	between	Fall	

X2	and	subsequent	abundance.	
Conclusions	were	incorrect	
because	the	abundance	was	due	
to	subsequent	spring	flows,	not	
Fall	X2	

Feyrer	et	al.	(2011)	 Found	a	relationship	between	Fall	
X2	and	fall	abundance	but	when	
only	post-clam	data	were	used,	
the	relationship	no	longer	existed.	

Mac	Nally	et	al.	
(2010)	

Conducted	a	multivariate	study	
but	did	not	find	that	Fall	X2	was	a	
factor	responsible	for	the	decline	
in	abundance	of	delta	smelt.		

Thompson	et	al.	
(2010)	

Used	Bayesian	model	selection	to	
identify	covariates	with	the	
strongest	associations	with	
abundances.	Fall	X2	was	not	
associated	with	the	FMWT-
derived	autumn	abundance	of	
delta	smelt.		

Maunder	and	
Deriso	(2011)	

Their	state-space	model	did	not	
include	Fall	X2	as	a	candidate	
covariate	

Miller	et	al.	(2012)	 Including	Fall	X2	did	not	add	
explanatory	power	to	their	
empirical	multivariate	model.	

Mount	et	al.	(2013)	 Like	Feyrer	et	al.	(2007),	did	not	
consider	spring	X2	and	
incorrectly	attributed	an	influence	
to	autumn	X2.	

Brown	et	al.	(2014)	 Their	fall	low-salinity	habitat	
investigation	was	“largely	
inconclusive”	as	to	the	benefits	of	
a	fall	outflow	action	to	delta	smelt.	
Their	prediction	of	higher	
recruitment	in	the	next	year	due	
to	higher	outflow	was	not	
supported	by	the	findings	
presented.		
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Castillo	(2019)	 Like	Feyrer	et	al.	(2007),	did	not	
consider	spring	X2	and	
incorrectly	attributed	an	influence	
to	X2	in	the	autumn.	

IEP	MAST	(2015)	 Cited	to	the	2008	Biological	
Opinion,	(which	cited	to	Feyrer	et	
al.	(2007)	and	Mount	(2013)	to	
support	a	relationship	between	
summer	abundance	and	prior	fall	
X2.	The	conclusions	in	those	
studies	become	invalid	when	
more	relevant	covariates	are	
considered.	The	report	asserted	
that	there	was	support	for	a	fall	
X2-fall	abundance	relationship,	
but	it	depended	on	4	data	points.	
When	a	longer	time	period	is	
used,	no	relationship	can	be	
demonstrated.		

Hamilton	and	
Murphy	(2018)	

	 Their	limiting	factor	model	did	
not	include	Fall	X2	as	a	
candidate	covariate.	
	

IEP	FLOAT-MAST	
(2020)	

All	of	their	predictions	regarding	
benefits	of	higher	fall	outflow	to	
delta	smelt	and	food	availability	
were	either	not	supported	by	the	
data	or	the	data	were	insufficient	
to	draw	a	conclusion.	

Polansky	et	al.	
(2021)	

Their	sophisticated	LCM	found	a	
relationship	between	X2	in	the	
autumn	and	subsequent	
recruitment.	

Compass	(2021)	 Under	higher	flows,	the	
Confluence	has	adequate	food	and	
salinity	conditions	more	
frequently	than	any	other	region	
in	the	upper	estuary,	raising	the	
question,	why	try	to	move	delta	
smelt	to	regions	with	poor	
conditions?			

Lewis	et	al	(2021)	 Decreasing	salinity	had	no	effect	
on	growth	rates	of	delta	smelt	in	
the	western	Delta	and	decreased	
growth	rates	in	the	Confluence,	
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lower	Sacramento	and	lower	San	
Joaquin	rivers.		

Hammock	et	al	
(2022)	

Their	study	of	the	condition	of	
1600	delta	smelt	from	multiple	
years	concluded	that	seasonal	and	
interannual	variation	in	body	
condition	corresponded	strongest	
with	pelagic	productivity	and	
water	temperature,	with	little	
correlation	to	freshwater	outflow.	

Hamilton	and	
Murphy	(2022)	

Their	limiting	factor	model	
considered	Fall	X2	but	found	it	
not	to	be	a	factor	limiting	the	
performance	of	delta	smelt.		

	

	

process.	It	is	imperative	that	conservation	managers	learn	from	the	actions	implemented,	
and	adjust	to	make	them	more	effective,	or	if	they	are	not	effective,	to	terminate	the	action	
and	focus	on	management	actions	that	are	effective.		

In	the	IEP	FLOAT-MAST	(2020)	study,	the	authors	made	the	unsubstantiated	finding	“that	
high	fall	outflow	alone	is	not	sufficient	to	provide	favorable	conditions	for	Delta	Smelt”	
when	an	equally	defensible	conclusion	might	have	been	that	“high	fall	outflow	is	not	
necessary	to	provide	favorable	conditions	for	Delta	Smelt.”	An	alternative	conclusion	to	
that	from	the	MAST	report	would	be	supported	by:	

• Studies	showing	spring	outflow,	not	fall	outflow,	influences	the	performance	of	delta	
smelt,	due	its	early-season	contribution	to	turbidity	and	prey	availability	(see	
Appendix	B	in	Hamilton	and	Murphy	2022)	

• Findings	presented	in	the	Compass	dynamic	habitat	tool	that	food	and	salinity	
conditions	for	delta	smelt	in	September	and	October	in	the	Confluence	are	adequate	
in	nearly	all	years	(Box	14),	suggesting	that	higher	outflow	in	the	autumn	to	
preserve	or	enhance	conditions	is	not	necessary	

• The	importance	of	growth	during	the	larval	phase	to	subsequent	delta	smelt	
performance.	Subtle	differences	in	growth	and	subsequent	mortality	in	the	larval	
stage	can	lead	to	large	differences	in	recruitment	and	year-class	strength	(Anderson	
1988,	Houde	1989a,	Leggett	and	Deblois	1994)”46		

• The	finding	of	Hammock	et	al.	(2015),	showing	that	delta	smelt	collected	from	
Suisun	Bay	in	summer	are	nutritionally	stressed,	and	that	conditions	do	not	get	
better	for	delta	smelt	there	in	the	autumn	(see	Box	18)	

	
46	IEP	FLOAT-MAST	(2020)	p.	150	
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• The	finding	that	delta	smelt	collected	from	Suisun	Bay	had	the	highest	lesion	scores	
among	samples	from	the	upper	esturay17		

	
The	rationale	for	increased	outflows	through	the	Delta	to	benefit	delta	smelt	was	first	
presented	by	Moyle	et	al.	(1996)	and	the	influence	of	flows	on	the	estuarine	biota	was	
described	by	Kimmerer	(2002)	.	The	basis	for	using	the	location	of	the	low-salinity	zone,	or	
X2,	as	a	management	metric	was	subsequently	documented	and	entered	into	implicit	
conceptual	ecological	models	for	delta	smelt	(EET	1997,	Kimmerer	2005).	But	as	is	
appropriate	in	science	generally,	and	in	adaptive	management	in	particular,	conceptual	
models	must	be	tested	and	evaluated.	In	2002	Kimmerer	had	concluded	that	“the	current	
state	of	knowledge	about	flow	effects	does	not	provide	adequate	support	to	decision	
making.”47	Many	analyses	using	available	data	on	delta	smelt	and	environmental	factors	
have	been	conducted	since	2002.	The	weight	of	evidence	presented	here	does	not	support	
the	Fall	X2	Action.	It	is	therefore	appropriate	to	revise	the	working	conceptual	models	and	
develop	a	new	suite	of	management	actions	to	benefit	delta	smelt	--	as	is	being	done	within	
the	Compass	Resource	Management	structured	decision-making	process.		
	
In	summary,	the	findings	presented	here	indicate	that	Fall	X2	Action	was	based	on	studies	
that	lacked	a	full	breadth	of	relevant	data	and	approaches	that	can	evaluate	alternative	
hypotheses	relating	delta	smelt	and	its	habitat	to	environmental	stressors	and	stressor	
conditions.	Since	implementation	of	Fall	X2	Actions,	numerous	studies	have	demonstrated	
that	the	action	lacks	empirical	support.	In	this	review,	we	found	no	benefit	of	a	Fall	X2	
Action	to	delta	smelt	growth,	abundance,	survival,	recruitment,	food	supply,	habitat	area,	
nor	evidence	of	habitat	conditions	absent	the	management	action	(Table	3).		Some	studies	
indicate	that	the	Fall	X2	Action	could	adversely	affect	the	food	supply	and	growth	of	delta	
smelt.		

Given	these	findings,	it	is	appropriate	that	the	structured	decision-making	process	in	
CSAMP	evaluate	scenarios	that	do	not	include	a	Fall	X2	Action.	We	encourage	conservation	
managers	at	the	highest	levels	to	consider	the	weight	of	information	presented	in	this	
report	in	deciding	whether	or	not	to	continue	the	Fall	X2	Action	targeting	the	threatened	
delta	smelt.		

	

	

Table	3.	Summary	of	results	from	hypothesis	testing.	

	

Relationship	 Finding	 Supporting	
Information	

	
47	Kimmerer	(2002)	p.	1286	
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Fall	X2	and	growth	 Growth	decreases	with	increased	
outflow	(decreases	in	salinity)	in	
the	areas	of	the	delta	where	most	
delta	smelt	are	usually	located		

Lewis	et	al.	(2021)		
Box	20	(E)	
	

Predictions	of	increased	growth	
were	not	supported	

IEP	FLOAT-MAST	(2020)	

Fall	X2	and	survival	 Not	significant	(P=0.661)	 Appendix	A	
	

Predictions	of	increased	survival	
were	not	supported	

IEP	FLOAT-MAST	(2020)	

Fall	X2	and	recruitment	 Not	significant	(P-0.232)	 Appendix	B	
	

Predictions	of	increased	
recruitment	were	not	supported	

Brown	et	al.	(2014)	

Fall	X2	and	food	 No	significant	relationship	between	
Fall	X2	and	prey	availability	in	fall	
(P=0.828)	

Appendix	C	
	

Predictions	of	increased	feeding	
success	were	not	supported	

IEP	FLOAT-MAST	(2020)	

Food	decreases	through	most	of	
the	delta	in	the	fall	as	outflow	
increases	

Hamilton	et	al.	(2020)	

Fall	X2	and	Habitat	
Area	

Positive	but	not	significant	
relationship	between	Fall	X2	and	
the	number	of	stations	with	
suitable	habitat	

Appendix	D	

Water	projects	and	
Adverse	Modification	of	
Habitat	

Water	projects	have	a	beneficial	
influence	on	salinity	in	the	fall	in	
the	Delta	and	Suisun	Bay	over	pre-
project	conditions	

Hutton	et	al.	(2015)	

Fall	X2	and	Fall	
Abundance	

No	significant	relationship	between	
Fall	X2	and	abundance	of	delta	
smelt	in	the	fall	(P=0.302)	

Appendix	E	
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Appendix	A	--	Analysis	of	the	Fall	X2	and	Survival	Relationship	

Introduction	

One	of	the	implicit	hypotheses	underlying	the	fall	outflow	action	is	that	increased	outflow	
during	the	autumn	increases	survival	rates	of	delta	smelt	through	September	and	October.	
The	analysis	presented	here	reexamines	that	relationship.		

Methods	

Hypothesis:	Fall	X2	has	a	potentially	significant	influence	on	survival	of	delta	smelt	from	
summer	to	fall.		

The	hypothesis	is	tested	by	considering	the	significance	of	the	X2	location	(average	of	
September	through	November)	when	regressed	against	survival	(calculated	as	the	FMWT	
abundance	index	divided	by	the	STN	abundance	index).	The	flow	data	used	to	test	the	
hypothesis	are	drawn	from	Dayflow	and	the	abundance	data	(divided	by	1000)	from	
Polansky	et	al.	(2019).	The	data	used	in	the	analysis	are	provided	in	Table	A-1.	
	

Table	A-1.	Data	for	the	analysis	of	the	relationship	between	average	fall	X2	and	summer-to-
fall	survival,	1990-2014.	
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Results	

A	graphical	presentation	of	the	relationship	between	average	X2	location	in	the	autumn	
and	survival	during	the	same	season	is	presented	in	Figure	A-1.	The	regression	results	are	
presented	in	Table	A-2.	The	P	value	of	the	covariate	was	0.661,	indicating	that	average	Fall	
X2	location	did	not	have	a	significant	influence	on	survival.	

	

Figure	A-1.	Relationship	between	average	X2	location	and	survival	of	delta	smelt	from	
summer	to	autumn.	

	

Table	A-2.	Results	of	the	regression	analysis	estimating	the	relationship	between	average	X2	
location	and	survival	of	delta	smelt	from	summer	to	autumn		
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Appendix	B-1	--	Analysis	of	the	Fall	X2	and	Recruitment	Relationship	

Introduction	

An	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	during	the	fall	is	
hypothesized	to	increases	recruitment	rates.	The	analysis	presented	here	reexamines	that	
relationship	and	is	similar	in	nature	to	that	of	Feyrer	et	al.	(2011).		

Methods	

Hypothesis:	Fall	X2	has	a	significant	influence	on	abundance	in	the	subsequent	summer.		

The	hypothesis	is	tested	by	considering	the	significance	of	the	X2	location	(average	of	
September	through	November)	when	regressed	subsequent	abundance	(the	STN	
abundance	index)	when	the	location	of	X2	in	the	spring	(March)	and	prior	abundance	
(stock)	are	also	included	as	candidate	covariates.	The	flow	data	used	to	test	the	hypothesis	
are	drawn	from	Dayflow	and	the	abundance	data	(divided	by	1000)	from	Polansky	et	al.	
(2019).	The	data	used	in	the	analysis	are	provided	in	Table	B-1.	

Table	B-1.	Data	for	the	analysis	of	the	relationship	between	average	X2	location	in	
September	and	October	and	recruitment	to	summer	1987-2014.	
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Results	

The	regression	results	are	presented	in	Table	B-2.	The	P	value	of	the	Fall	X2	covariate	was	
0.23,	indicating	that	average	Fall	X2	location	did	not	have	a	significant	influence	on	
subsequent	abundance	whereas	prior	abundance	(stock)	and	the	March	X2	both	were	
statistically	significant.	

	

Table	B-2.	Results	of	the	regression	analysis	considering	factors	influencing	abundance	of	
delta	smelt	in	summer.	
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Appendix	B-2	--	Analysis	of	the	Fall	X2	and	Recruitment	Relationship	

Introduction	

An	implicit	hypothesis	underlying	the	action	is	that	increased	outflow	during	the	fall	is	
hypothesized	to	increases	recruitment	rates.	The	analysis	presented	here	reexamines	that	
relationship	and	is	similar	in	nature	to	that	of	Mount	et	al.	(2013).		

Methods	

Hypothesis:	Fall	X2	has	a	significant	influence	on	abundance	in	the	subsequent	summer.		

The	hypothesis	is	tested	by	considering	the	significance	of	the	X2	location	(average	of	
September	through	November)	when	regressed	log	of	subsequent	abundance	(the	STN	
abundance	index)	when	the	location	of	X2	in	the	spring	(March)	and	log	of	prior	abundance	
(stock)	are	also	included	as	candidate	covariates.	The	flow	data	used	to	test	the	hypothesis	
are	drawn	from	Dayflow	and	the	abundance	data	(divided	by	1000)	from	Polansky	et	al.	
(2019).	The	data	used	in	the	analysis	are	provided	in	Table	B-3.	

Table	B-3.	Data	for	the	analysis	of	the	relationship	between	average	X2	location	in	
September	and	October	and	recruitment	to	summer,	1987-2014	using	the	Mount	et	al.	model	
with	March	X2	added	as	a	covariate	
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Results	

The	regression	results	are	presented	in	Table	B-4.	The	P	value	of	the	Fall	X2	covariate	was	
0.0.961,	indicating	that	average	Fall	X2	location	did	not	have	a	significant	influence	on	
subsequent	abundance	whereas	prior	abundance	(stock)	and	the	March	X2	both	were	
statistically	significant.	

	

Table	B-4.	Results	of	the	regression	analysis	considering	factors	influencing	abundance	of	
delta	smelt	in	summer.	
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Appendix	C1	--	Analysis	of	the	Fall	X2	and	Prey-availability	Relationship	

Introduction	

An	implicit	hypothesis	underlying	the	fall	outflow	action	is	that	increased	outflow	during	
the	autumn	increases	prey	availability.	The	analysis	presented	here	reexamines	that	
relationship.	

Methods	

Hypothesis:	Fall	X2	has	a	significant	influence	of	the	availability	of	prey	in	September	and	
October	across	the	regions	where	delta	smelt	are	most	commonly	found.	

The	hypothesis	is	tested	by	considering	the	significance	of	the	X2	location	(average	of	
September	through	October)	when	regressed	on	average	prey	availability	from	the	Lower	
River	area	through	to	Suisun	Bay.	The	flow	data	used	to	test	the	hypothesis	are	drawn	from	
Dayflow	and	the	zooplankton	data	from	the	zooplankton	survey.	The	data	used	in	the	
analysis	are	provided	in	Table	C-1.	

Table	C-1.	Data	for	the	analysis	of	the	relationship	between	average	X2	location	in	
September	and	October	and	prey	availability	1987-2014.	
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Results	

A	graphical	presentation	of	the	relationship	between	average	X2	location	in	the	autumn	
and	prey	availability	during	the	same	season	is	presented	in	Figure	C-1.	The	regression	
results	are	presented	in	Table	C-2.	The	P	value	of	the	covariate	was	0.82	,indicating	that	
average	Fall	X2	location	did	not	have	a	significant	influence	on	prey	availability.	

Figure	C-1.	Relationship	between	average	X2	location	in	September	and	October	and	prey	
availability		

	

Table	C-2.	Results	of	the	regression	analysis	estimating	the	relationship	between	average	X2	
location	and	prey	availability	in	the	autumn.		
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Appendix	C-2	--	Analysis	of	the	Fall	X2	and	Prey-availability	Relationship	

Introduction	

An	implicit	hypothesis	underlying	the	fall	outflow	action	is	that	increased	outflow	during	
the	autumn	increases	prey	availability.	The	analysis	presented	here	reexamines	that	
relationship.	It	is	similar	to	the	analysis	in	Appendix	C-1	but	is	focused	here	only	on	the	
above	normal	and	wet	years.	

Methods	

Hypothesis:	Fall	X2	has	a	potentially	significant	influence	of	the	availability	of	prey	in	
September	and	October	in	above	normal	and	wet	years	across	the	regions	where	delta	
smelt	are	most	commonly	found.	

The	hypothesis	is	tested	by	considering	the	significance	of	the	X2	location	(average	of	
September	through	October)	when	regressed	on	average	prey	availability	from	the	Lower	
River	area	through	to	Suisun	Bay.	The	flow	data	used	to	test	the	hypothesis	are	drawn	from	
Dayflow	and	the	zooplankton	data	from	the	zooplankton	survey.	The	data	used	in	the	
analysis	are	provided	in	Table	C-3.	

Table	C-3.	Data	for	the	analysis	of	the	relationship	between	average	X2	location	in	
September	and	October	and	prey	availability,	1987-2014,	in	above	normal	and	wet	years.	
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Results	

A	graphical	presentation	of	the	relationship	between	average	X2	location	in	the	autumn	
and	prey	availability	during	the	same	season	is	presented	in	Figure	C-2.	The	regression	
results	are	presented	in	Table	C-4.	The	P	value	of	the	covariate	was	0.732,	indicating	that	
average	Fall	X2	location	did	not	have	a	significant	influence	on	prey	availability.	

Figure	C-2.	Relationship	between	average	X2	location	in	September	and	October	and	prey	
availability	in	above	normal	and	wet	years	

	

Table	C-4.	Results	of	the	regression	analysis	estimating	the	relationship	between	average	X2	
location	and	prey	availability	in	the	autumn	in	above	normal	and	wet	years.		
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Appendix	D	--	Analysis	of	the	Habitat	Index	and	Fall	Abundance	
Relationship	

Introduction	

Feyrer	et	al.	(2011)	found	a	relationship	between	a	“habitat	index”	for	delta	smelt	in	the	
autumn	and	abundance	of	Delta	smelt	but	the	study	period	included	both	pre-	and	post-
clam	invasion	periods.	That	analysis	is	repeated	here	just	for	the	post	clam	period.		

The	habitat	index	in	the	post	clam	period	provided	no	explanation	for	the	variation	in	fall	
abundance	(R2=0.05,	P	value	for	the	habitat	index	=	0.310,	Appendix	D).		

Methods	

Hypothesis:	A	larger	area	of	“habitat”	would	support	more	subadult	Delta	Smelt	

The	hypothesis	is	tested	by	considering	the	significance	of	the	habitat	index	covariate	when	
regressed	against	delta	smelt	abundance.	Habitat	index	values	were	derived	from	Feyrer	et	
al.	(2011).	The	FMWT	Index	values	were	obtained	from	the	CDFW	website	Monthly	
Abundance	Indices	(ca.gov).	The	data	used	in	the	analysis	are	provided	in	Table	D-1.	

Table	D-1.	Data	for	the	analysis	of	the	relationship	between	average	fall	X2	and	fall	
abundance.	1987-2008	
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Results	

A	graphical	presentation	of	the	relationship	between	the	habitat	index	and	abundance	of	
delta	smelt	is	presented	in	Figure	D-1.	The	regression	results	are	presented	in	Table	D-2.	
The	P	value	of	the	habitat	index	covariate	was	0.31,	indicating	that	the	habitat	index	(the	
extent	of	“habitat”)	did	not	have	a	significant	influence	on	the	abundance	of	delta	smelt	
since	1987.	

Figure	D-1.	Relationship	between	the	habitat	index	developed	by	Feyrer	et	al	(2011)	and	the	
abundance	of	delta	smelt	in	the	autumn,	1987	–	2008	

	

	

Table	D-2.	Results	of	the	regression	analysis	estimating	the	relationship	between	the	habitat	
index	and	abundance	of	delta	smelt.		
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Appendix	E	--	Analysis	of	the	Fall	X2	and	Fall	Abundance	Relationship	

Introduction	

One	of	the	conclusions	in	the	IEP	MAST	(2015)	report	was	that	“the	data	generally	
supported	the	idea	that	lower	X2	and	greater	area	of	the	low	salinity	zone	(LSZ)	would	
support	more	subadult	Delta	Smelt”	using	just	4	data	points.	We	reexamine	that	finding	
using	the	period	from	1987	to	2008	(the	post	clam	period	from	Feyrer	et	al,	2011).		

Methods	

Hypothesis:	The	abundance	of	delta	smelt	increases	with	the	extent	of	the	LSZ.	

The	hypothesis	is	tested	by	considering	the	significance	of	the	X2	location	covariate	when	
regressed	against	delta	smelt	abundance	index.	The	flow	data	used	to	test	the	hypothesis	
are	drawn	from	Dayflow	and	the	FMWT	Index	values	were	obtained	from	the	CDFW	
website	Monthly	Abundance	Indices	(ca.gov).	The	data	used	in	the	analysis	are	provided	in	
Table	E-1	

Table	E-1.	Data	for	the	analysis	of	the	relationship	between	average	fall	X2	and	fall	
abundance	1987-2008.	
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Results	

A	graphical	presentation	of	the	relationship	between	the	location	of	X2	in	the	autumn	and	
the	abundance	of	delta	smelt	is	presented	in	Figure	E-1.	The	regression	results	are	
presented	in	Table	E-2.	The	P	value	of	the	X2	covariate	was	0.30,	indicating	that	the	X2	
location	has	not	had	a	significant	influence	on	the	abundance	of	delta	smelt	since	1987.	

Figure	E-1.	Relationship	between	the	location	of	X2	in	the	autumn	and	the	abundance	of	
delta	smelt	in	the	autumn	1987–2008.	

	

Table	E-2.	Results	of	the	regression	analysis	estimating	the	relationship	between	the	X2	
location	in	the	autumn	and	the	abundance	of	delta	smelt.		

	


