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• Endemic to Colorado 
River system
‒ Formerly very abundant 

in main channels 
throughout the drainage

• Focus here on:
– Lake Mohave
– Reach 3 (Lake Havasu)
– Lake Mead

Razorback sucker (RASU)

Marsh et al. 2015, Copeia



Objective
• Use molecular markers (microsatellites, mtDNA) 

to monitor levels of genetic diversity
• Monitoring has 

been ongoing 
from 1997 – 2019

• Summary of 
results



Lake Mohave - regions sampled



• 23 years worth of 
data (1997 – 2019)

• Genetic diversity 
has been 
maintained (or 
increased) by 
using wild-caught 
larvae

Lake Mohave

R2 = 0.31, P = 0.0006

R2 = 0.52, P = 0.0001



Haplotypes 2014 -2019



Distribution of mtDNA variation within 
and among regions

FST = total contribution 
differences among 
samples

FCT = differences 
among four regions

FSC = among samples 
within regions



Include region above Willow Beach
(since ca. 2014)

Jeff Lantow, Layne Huber, and the MSCP staff



Similar to main basin of L Mohave

• 2014-2019 larval 
samples

• Proportional to 
sample sizes

• MB = 2756
• AWB = 1136

• Some differences 
for moderate 
alleles

• P and Q



AWB similar to main basin of L Mohave



Conclusions:
Lake Mohave

• All measures of genetic variation consistent among 
samples of larvae, repatriates, and source wild fish

• Levels of mtDNA variation increased and appear to be 
stable

• Samples from above Willow Beach similar to main 
basin and have increased estimated population size 



• Mixed stock
• HAV also diverse

‒ Similar # of 
haplotypes to 
Lake Mohave

‒ Different 
frequencies of 
haplotypes

Lake Havasu region (Reach 3)

Sample Sizes
MB = 2756
AWB = 1136
HAV = 1630



Clustering of all samples

Main basin Mohave
Above Willow Beach
Havasu



Conclusions – Reach 3
• Samples from Reach 3 show similar levels 

of genetic variation to Lake Mohave
• Larval and adult samples from Reach 3 

genetically distinct from those found in 
Lake Mohave

• Likely reflects different sources of this 
population
– Early stockings from the hatchery
– Recently augmented with fish from Lake 

Mohave or backwaters



Lake Mead
• RASU thought to be 

extirpated in the 1970s
• Re-appeared in late 1980s 

to early 1990s
‒ Unlike other locations 

subadults have been found

• Bottleneck
‒ Significantly less genetic 

diversity than Lake Mohave

Location N Nh diversity
Lake Mead
Adults
1988 16 2* 0.13 +/-  0.11*
2002 29 5 0.66 +/-  0.07
2011 15 2* 0.25 +/-  0.13*
2012 61 3* 0.51 +/-  0.04
2013 51 4* 0.55 +/-  0.04
2014 61 4* 0.46 +/-  0.06*
2015 24 5 0.63 +/-  0.07
2016 60 5* 0.50 +/-  0.06
2017 39 3* 0.47 +/- 0.06
2018 50 5* 0.35 +/- 0.08*
2019 40 6* 0.63 +/- 0.07
Larvae
1997 25 3* 0.61 +/-  0.06
2002 57 6* 0.76 +/-  0.03
2012 50 2* 0.15 +/-  0.06*
2013 78 5* 0.53 +/-  0.04
2014 47 3* 0.44 +/-  0.06
2015 77 4* 0.47 +/-  0.06*
2016 81 4* 0.50 +/-  0.04*
2017 85 4* 0.54 +/- 0.05
2018 309 4* 0.54 +/- 0.03
2019 333 8* 0.45 +/- 0.03*
Lake Mohave
Adults - 2000 49 11 0.64 +/-  0.08
Larvae - 2011 120 14 0.60 +/-  0.05
* statistically significant (P < 0.05) by resampling

mtDNA


Table 1

				Main Basin																												Above Willow Beach

				2014				2015				2016				2017				2018				2019				Total				2014				2015				2016				2017				2018				2019				Total

		Haplotype		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae

		a		5		10		5		12		6		14		7		22		2		14		6		9		31		81		2		7		1						6				23		1		3		2		8		6		47

		b		13		34		5		31		13		41		14		24		10		26		3		22		58		178		10		9				10				11		1		26		7		15		6		4		24		75

		c		2		4		5		6		1		5		2		10		2		7				10		12		42		1		1				1				4		1		6		1		5		1		1		4		18

		d				1				1						1				1						9		2		11												1								3				2		0		6

		e		89		222		93		264		64		307		113		333		95		246		42		253		496		1625		69		69		11		73		6		63		20		174		38		138		51		117		195		634

		f		3		6		2		5		5		11		2		4		3		14		2		10		17		50		3		2		1		1				1		1		11				7		3		7		8		29

		g		4		6		2		8		2		5		3		13				17				6		11		55		1										5				4		2		1				3		3		13

		h		2		7		3		9		2		5		1		5		1		10		1		4		10		40		1		3				1				1						1		2		1		1		3		8

		i				2		1						4		1		2		1		1		1				4		9								1																		0		1

		j		2		3		3		1				5		2		2				1				1		7		13		1						2				4		1		2				1		1		2		3		11

		k				2				1				2		1		4				4				1		1		14		1						5								2				2				2		1		11

		l																																								1				1										0		2								A				81		,		47		,		0

		m		1		5		1		2				1		1		5				3						3		16		1		1				1								2						1		3		2		7								B				178		,		75		,		0

		n		5				1				2				8				2								18						2												4		1		4						1		10								C				42		,		18		,		0

		o										1				3				2								6								1										1		2		2						3		3								D				11		,		6		,		0

		p		13		5		10		6		13		2		13		3		14		6		1		4		64		26				10		3		4		2		10		5		56		3		26		2		1		15		107								E				1625		,		634		,		0

		q		5		7		15		3		8		0		15		3		10						2		53		15				11		3		10		1		17		4		25		7		12		1		1		16		76								F				50		,		29		,		0

		r				35		1		29				48		2		24		1		26		6		61		10		223		7						2				1				3		1		2		5		18		13		26								G				55		,		13		,		0

		s				12				40		3		27				34		2		50		10		40		15		203		16						2				2				1				2		10		24		26		31								H				40		,		8		,		0

		t												0				0																																																I				9		,		1		,		0

		u				2		1		2		3		8		4		6		4		5				6		12		29		1		1				1				1						1		4				4		2		11								J				13		,		11		,		0

		v		16		1		6		1		4		2		2				1						1		29		5								2				1								1				1				5								K				14		,		11		,		0

		w										1																1										1																				1								L						,		2		,		0

		x																																																1								1								M				16		,		7		,		0

		y														1												1																		1												1								N						,		10		,		0

		z				1																				1				2				1																		1				1		1								O						,		3		,		0

		aa																																																																P				26		,		107		,		0

		bb				10				1				10				3				3		1		9		1		36		3																				2				5										Q				15		,		76		,		0

		cc								6				5				3				3		5		10		5		27		1																						1		1		1								R				223		,		26		,		0

		dd								2				1				1												4																																				S				203		,		31		,		0

		ee																						1		1		1		1																																				T						,		0		,		1

		ff																																																																U				29		,		11		,		0

		gg																																																																V				5		,		5		,		0

		hh																																																																W						,		1		,		0

		ii																																																																X						,		1		,		0

		missing								2				44				3				1				1				51																						5				5										Y						,		1		,		0

		Total		160		375		154		432		128		547		196		504		151		437		79		461		868		2756		118		117		20		117		9		129		33		342		65		231		92		200		337		1136				Sampling 				Z				2		,		1		,		0

		# of haplotypes		13		20		16		20		15		19		20		19		16		17		12		20		25		23		15		12		6		16		3		16		7		17		12		19		14		18		20		26								AA						,		0		,		1

		gene diversity		0.67+/-0.04		0.63+/-0.03		0.62+/-0.04		0.61+/-0.03		0.72+/-0.04		0.61+/-0.02		0.65+/-0.04		0.55+/-0.03		0.59+/-0.05		0.66+/-0.02		0.69+/-0.05		0.67+/-0.02		0.66 +/- 0.02		0.62+/-0.01		0.63+/-0.05		0.63+/-0.05		0.68+/-0.10		0.60+/-0.05		0.56+/-0.17		0.73+/-0.04		0.61+/-0.09		0.70+/-0.02		0.64+/-0.06		0.62+/-0.04		0.64+/-0.06		0.63+/-0.04		0.63+/-0.03		0.67+/-0.02								BB				36		,		0		,		1

		nucleotide diversity		0.006+/-0.004		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.004+/-0.003		0.005+/-0.003		0.006+/-0.004		0.005+/-0.003		0.005+/-0.003		0.004+/-0.003		0.004+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.004+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.005+/-0.003								CC				27		,		1		,		0

																																																																		DD				4		,		0		,		1

																																																																		EE				1		,		0		,		1

																																																																		FF						,		0		,		1

																																																																		GG						,		0		,		1

																																																																		HH						,		0		,		1

																																																																		II						,		0		,		1





Table 5

				Above Willow Beach

				2014				2015				2016				2017				2018				2019				Total

		Haplotype		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae

		a		2		7		1						6				23		1		3		2		8		6		47

		b		10		9				10				11		1		26		7		15		6		4		24		75

		c		1		1				1				4		1		6		1		5		1		1		4		18

		d												1								3				2		0		6

		e		69		69		11		73		6		63		20		174		38		138		51		117		195		634

		f		3		2		1		1				1		1		11				7		3		7		8		29

		g		1										5				4		2		1				3		3		13

		h		1		3				1				1						1		2		1		1		3		8

		i								1																		0		1

		j		1						2				4		1		2				1		1		2		3		11

		k		1						5								2				2				2		1		11

		l												1				1										0		2

		m		1		1				1								2						1		3		2		7

		n				2												4		1		4						1		10

		o						1										1		2		2						3		3

		p				10		3		4		2		10		5		56		3		26		2		1		15		107

		q				11		3		10		1		17		4		25		7		12		1		1		16		76

		r		7						2				1				3		1		2		5		18		13		26

		s		16						2				2				1				2		10		24		26		31

		t

		u		1		1				1				1						1		4				4		2		11

		v								2				1								1				1				5

		w								1																				1

		x																				1								1

		y																1												1

		z				1																		1				1		1

		aa

		bb		3																				2				5

		cc		1																						1		1		1

		dd

		ee

		ff

		gg

		hh

		ii

		missing																						5				5

		Total		118		117		20		117		9		129		33		342		65		231		92		200		337		1136

		# of haplotypes		15		12		6		16		3		16		7		17		12		19		14		18		20		26

		gene diversity		0.63+/-0.05		0.63+/-0.05		0.68+/-0.10		0.60+/-0.05		0.56+/-0.17		0.73+/-0.04		0.61+/-0.09		0.70+/-0.02		0.64+/-0.06		0.62+/-0.04		0.64+/-0.06		0.63+/-0.04		0.63+/-0.03		0.67+/-0.02

		nucleotide diversity		0.004+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.004+/-0.003		0.004+/-0.003		0.005+/-0.003		0.004+/-0.003		0.005+/-0.003





mead haps

				2014				2015				2016				2017				2018				2019				Total

		Haplotype		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae

		A		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		B		0		0		0		1		0		0		0		0		3		0		2		4		5		5

		C		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		D		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		E		46		38		15		60		39		53		26		53		40		213		23		242		189		659

		F		0		0		1		6		1		1		0		7		0		20		0		7		2		41

		G		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		H		0		0		0		0		0		0		0		0		0		0		0		4		0		4

		I		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		J		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		K		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		L		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		M		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		N		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		O		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		P		16		13		10		11		15		24		12		12		5		55		8		31		66		146

		Q		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		R		1		0		1		0		3		0		1		0		1		0		5		1		12		1

		S		3		1		1		8		1		4		0		11		1		34		1		45		7		103

		T		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		U		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		V		0		0		0		0		0		0		0		0		0		0		0		1		0		1

		W		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		X		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Y		0		0		0		0		0		0		0		0		0		0		1		0		1		0

		Z		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		AA		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		BB		0		0		0		0		1		0		0		0		0		0		0		2		1		2

		CC		0		0		0		0		0		0		0		0		0		0		0		1		0		1

		DD		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		EE		0		0		0		0		0		0		0		0		0		0		0		6		0		6

		FF		0		0		0		0		0		0		0		0		0		0		0		1		0		1

		GG		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		HH		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		II		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		FMS		1		0		1		1		2		0		0		0		5		1		2		0		11		2

		BHS		0		0		0		4		0		0		0		0		0		0		0		0		0		4

		Total		67		52		29		91		62		82		39		83		55		323		42		345		294		976





mead summary pooled samples

				mtDNA						microsatellites

		Location		N		Nh		diversity		N		Na		diversity

		Lake Mead

		Adults

		1988		16		2*		0.13 +/-  0.11*		15		8.6		0.729 +/- 0.154

		2002		29		5		0.66 +/-  0.07		29		10.8		0.735 +/- 0.143

		2011		15		2*		0.25 +/-  0.13*		15		8.1		0.745 +/- 0.132

		2012		61		3*		0.51 +/-  0.04		61		10.1		0.707 +/- 0.126

		2013		51		4*		0.55 +/-  0.04		50		10.6		0.721 +/- 0.124

		2014		61		4*		0.46 +/-  0.06*		61		11.1		0.730 +/- 0.132

		2015		24		5		0.63 +/-  0.07		26		10.1		0.734 +/- 0.132

		2016		60		5*		0.50 +/-  0.06		60		13.4		0.742 +/- 0.132

		2017		39		3*		0.47 +/- 0.06		39		12.1		0.749 +/- 0.125

		2018		50		5*		0.35 +/- 0.08*		NA

		2019		40		6*		0.63 +/- 0.07		NA

		Larvae

		1997		25		3*		0.61 +/-  0.06		25		7.7		0.668 +/- 0.169

		2002		57		6*		0.76 +/-  0.03		57		11.5		0.706 +/- 0.166

		2012		50		2*		0.15 +/-  0.06*		50		10.3		0.718 +/- 0.143

		2013		78		5*		0.53 +/-  0.04		77		11.0		0.736 +/- 0.124

		2014		47		3*		0.44 +/-  0.06		51		11.7		0.722 +/- 0.143

		2015		77		4*		0.47 +/-  0.06*		71		13.0		0.752 +/- 0.137

		2016		81		4*		0.50 +/-  0.04*		82		10.9		0.711 +/- 0.139

		2017		85		4*		0.54 +/- 0.05		80		11.8		0.724 +/- 0.149

		2018		309		4*		0.54 +/- 0.03		NA

		2019		333		8*		0.45 +/- 0.03*		NA

		Lake Mohave

		Adults - 2000		49		11		0.64 +/-  0.08		50		13.2		0.748 +/- 0.158

		Larvae - 2011		120		14		0.60 +/-  0.05		120		16.1		0.740 +/- 0.153

		* statistically significant (P < 0.05) by resampling

		Nh = number of haplotypes

		* = statistically significant as indicated by resampling (Dowling et al. 2005)



		for usats 95% CI on gene diversity





mead fstats

				mtDNA						microsatellites

		comparison		% of variation		estimate		P		% of variation		estimate		P

		between lakes

		FCT		6.68		0.067		0.053		0.46		0.005		0.126

		FSC		5.99		0.064		< 0.001		2.58		0.026		< 0.001



		between adults and larvae

		FCT		1.15		0.012		0.147		0.11		0.001		0.216

		FSC		7.71		0.089		< 0.001		2.66		0.027		< 0.001



		between years (pre and post 2003)

		FCT		10.15		0.102		< 0.001		1.09		0.110		< 0.001

		FSC		3.41		0.038		< 0.001		2.22		0.023		< 0.001





mead structure

		Location		Year		Mead (A)		Mohave (B)		A+B		hybrid		fms		total

		adults

		unknown		1988				11		4						15				MOH

				2016		4		1		1						6				MEAD

		CRI		2011				1		1				2		4				MOH

				2012		12		2		1		1				16				MEAD

				2013						1		2				3				MEAD

				2014				1				3		3		7				MOH

				2015		2		1		1		1		2		7				MEAD

				2016		2						7		5		14				MEAD

				2017		4		1		1		4		6		16				MEAD

		subtotal				20		6		5		18		18		67				MEAD

		EB		2002		1		7		3						11				MOH

				2011		5		1		1		1				8				MEAD

				2012		31		11		3						45				MEAD

				2013		1		4		1						6				MOH

				2014		4		8		2						14				MOH

				2016		6		5		3						14				MEAD

				2017		3		2								5				MEAD

		subtotal				51		38		13		1		0		103				MEAD

		LVB		2002				15		3						18				MOH

				2013				3								3				MOH

				2014		1		6		1						8				MOH

				2015		1		9								10				MOH

				2016				3								3				MOH

				2017				6								6				MOH

		subtotal				2		42		4		0		0		48				MOH

		OA		2011		2				1						3				MEAD

				2013		33		2		1		2				38				MEAD

				2014		26		5		1						32				MEAD

				2015		5		1		3						9				MEAD

				2016		6		3		1						10				MEAD

				2017		13		2		2						17				MEAD

		subtotal				85		13		9		2		0		109				MEAD

		Mohave						47		2		1				50				MOH

		totals				158		146		33		22		18		377



		larvae

		CRI		2014		1				2		2		3		8				MEAD

				2015								4		2		6				MEAD

		subtotal				1		0		2		6		5		14				MEAD

		EB		1997				24		1						25				MOH

				2002				26		4						30				MOH

				2012		5		16		4						25				MOH

				2013		1		3		3						7				MOH

				2014		4		3		3						10				MEAD

				2015		6		20		10						36				MOH

				2016		14		6		5						25				MEAD

				2017		5		9		4						18				MOH

		subtotal				35		107		34		0		0		176				MOH

		LVB		2002				27								27				MOH

				2012		2		20		3						25				MOH

				2013		3		26		11						40				MOH

				2014		1		18		4						23				MOH

				2015				22		7						29				MOH

				2016		10		1		6		1				18				MEAD

				2017		1		53		3						57				MOH

		subtotal				17		167		34		1		0		219				MOH

		OA		2013		26		1		3						30				MEAD

				2014		8		1		1						10				MEAD

				2016		28		1		10						39				MEAD

				2017		2				1						3				MEAD

		subtotal				64		3		15		0		0		82				MEAD

		Mohave						108		9		3				120				MOH

		totals				117		385		94		10		5		611				MOH





Hav haps summary

				2015				2016				2017				2018				2019				total

				adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae

		a		2		4		0		3		0		5		0		9		0		7		2		28

		b		13		4		10		3		0		3		7		13		5		13		35		36

		c		6		11		1		4		0		23		2		14		1		6		10		58

		d		0		0		0		0		0		1		0		0		0		1		0		2

		e		70		106		42		151		4		201		26		162		46		188		188		808

		f		0		7		0		14		2		20		2		13		2		23		6		77

		g		4		13		6		20		1		49		0		33		0		33		11		148

		h		6		0		0		2		0		0		0		1		0		0		6		3

		i		0		0		0		0		0		0		0		0		0		0		0		0

		j		0		4		1		1		0		1		0		1		0		1		1		8

		k		0		0		2		1		2		1		1		3		0		1		5		6

		l		0		0		0		0		0		0		0		0		0		0		0		0

		m		0		0		1		2		0		2		1		1		1		2		3		7

		n		0		0		0		0		0		0		0		0		0		0		0		0

		o		0		0		0		0		0		0		0		0		0		0		0		0

		p		4		17		4		8		0		11		0		15		1		17		9		68

		q		0		0		0		0		0		3		1		1		0		0		1		4

		r		18		39		20		38		5		29		11		43		3		44		57		193

		s		8		13		13		11		1		13		3		10		2		21		27		68

		t		0		0		0		0		0		0		0		0		0		0		0		0

		u		8		3		4		9		0		12		1		12		1		9		14		45

		v		0		4		0		2		0		1		0		4		0		2		0		13

		w		0		0		0		0		0		0		0		0		0		0		0		0

		x		0		0		0		0		0		0		0		0		0		0		0		0

		y		0		0		0		0		0		0		1		0		3		0		4		0

		z		0		4		1		2		0		3		1		1		0		1		2		11

		aa		0		0		0		0		0		0		0		0		0		0		0		0

		bb		9		8		7		8		0		8		0		8		2		5		18		37

		cc		0		0		0		4		0		0		0		4		0		2		0		10

		dd		0		0		0		0		0		0		0		0		0		0		0		0

		ee		0		0		0		0		0		0		0		0		0		0		0		0

		ff		0		0		0		0		0		0		0		0		0		0		0		0

		gg		0		0		0		0		0		0		0		0		0		0		0		0

		hh		0		0		0		0		0		0		0		0		0		0		0		0

		ii		0		0		0		0		0		0		0		0		0		0		0		0

		total		148		237		112		283		15		386		57		348		67		376		399		1630

		# of haplotypes		11		14		13		18		6		18		12		19		11		18		18		20

		gene diversity		0.74 +/- 0.03		0.76 +/- 0.02		0.80 +/- 0.03		0.69 +/- 0.03		0.83 +/- 0.06		0.71 +/- 0.02		0.75 +/- 0.05		0.52 +/- 0.07		0.75 +/- 0.02		0.72 +/- 0.02		0.74 +/- 0.02		0.73 +/- 0.01

		nucleotide diversity		0.005 +/- 0.003		0.006 +/- 0.004		0.005 +/- 0.004		0.005 +/- 0.003		0.009 +/- 0.005		0.005 +/- 0.004		0.005 +/- 0.003		0.006 +/- 0.004		0.003 +/- 0.003		0.005 +/- 0.003		0.005 +/- 0.003		0.006 +/- 0.004





Nb estimates

				Main Basin						Above Willow Beach																		uncorrected						corrected (Nbf*C/G)

		Year		Nbf		LB		UB		Nbf		LB		UB						Mohave		S1		S2		h		Nbf		LB_Nbf		UB_Nbf		Nbf		LB_Nbf		UB_Nbf

		2012v2013		750		268		2155												12v13		550		491		23		168		60		482		750		268		2155

		2013v2014		1239		399		20998												13v14		491		374		21		277		89		4697		1239		399		20998

		2014v2015		1559		410		inf		493		158		inf						14v15		374		404		22		349		92		inf		1559		410		inf

		2015v2016		1858		516		inf		467		145		inf						15v16		404		503		21		416		115		inf		1858		516		inf

		2016v2017		986		388		4461		685		201		inf						16v17		503		501		20		221		87		998		986		388		4461

		2017v2018		1578		599		inf		829		264		19210						17v18		501		433		19		353		134		inf		1578		599		inf

		2018v2019		751		273		2530		930		273		inf						18v19		433		460		22		168		61		566		751		273		2530



																				Willow		S1		S2		h		Nbf		LB_Nbf		UB_Nbf		Nbf		LB_Nbf		UB_Nbf

																				14v15		114		117		19		110		35		inf		493		158		inf

																				15v16		117		129		20		104		32		inf		467		145		inf

																				16v17		129		342		21		153		45		inf		685		201		inf

																				17v18		342		231		21		185		59		4297		829		264		19210

																				18v19		231		200		20		208		61		inf		930		273		inf





adult mtDNA usat stats

		mtDNA												usats

		Area		N		Nh		gene diversity						Stocking cohort		AR		gene diversity

		Lake Mohave												1992-94		9.9		0.717

		Main basin - 2014		160		13		0.66 +/-  0.04						1995		10.8		0.741

		Main basin - 2015		154		16		0.62 +/-  0.04						1996		10.9		0.753

		Main basin - 2016		128		15		0.72 +/-  0.04+						1997		11.1		0.755

		Main basin - 2017		196		20+		0.65 +/-  0.04						1998		11.1		0.748

		Main basin - 2018		151		16		0.59 +/-  0.05						1999		10.6		0.743

		Main basin - 2019		79		12		0.69 +/- 0.05						2000		11.1		0.754

		Above Willow Beach - 2014		118		15		0.63 +/- 0.05						2001		11.0		0.742

		Above Willow Beach - 2015		20		6		0.68 +/- 0.10						2002		10.5		0.735

		Above Willow Beach - 2016		9		3		0.56 +/- 0.17						2003		11.1		0.740

		Above Willow Beach - 2017		33		7		0.61 +/- 0.09						2004		10.8		0.750

		Above Willow Beach - 2018		65		12		0.64 +/- 0.07						2005		10.8		0.739

		Above Willow Beach - 2019		92		14		0.64 +/- 0.06						2006		10.8		0.728

		Reach 3												2007		10.9		0.753

		2015		148		11		0.74 +/-  0.03+						2008		10.6		0.752

		2016		112		13		0.80 +/-  0.03+						2009		10.7		0.743

		2017		15		6		0.83 +/-  0.06						2010		10.7		0.737

		2018		57		12		0.75 +/-  0.05						2011		10.5		0.730

		2019		67		11		0.75 +/- 0.02+						2012		11.0		0.747

				2 fms in 2019										2013		10.7		0.731

														2014		10.9		0.730

														2015		11.0		0.734

														2016-17		10.6		0.744

														Wild		10.9		0.745

																9.9		0.717

																11.1		0.755



AR	1992-94	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016-17	Wild	9.8797857142857151	10.79992857142857	10.929714285714285	11.146142857142859	11.102714285714285	10.647357142857144	11.145285714285714	11.030714285714287	10.506642857142856	11.110571428571429	10.787642857142856	10.826571428571429	10.754500000000002	10.932285714285712	10.591285714285714	10.729285714285712	10.672071428571428	10.459714285714284	10.971285714285713	10.687642857142857	10.879	10.978285714285715	10.627142857142857	10.875714285714285	





gene diversity	1992-94	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016-17	Wild	0.71721428571428592	0.74142857142857133	0.75335714285714295	0.75457142857142867	0.74807142857142861	0.7430000000000001	0.75371428571428578	0.74171428571428577	0.73485714285714288	0.73957142857142866	0.75014285714285711	0.73942857142857132	0.72799999999999998	0.75335714285714273	0.75228571428571434	0.74328571428571433	0.73699999999999988	0.73007142857142848	0.74650000000000005	0.73121428571428571	0.72964285714285704	0.73378571428571415	0.74392857142857138	0.7449285714285715	







larval usats

						AR				gene diversity

		Year		N		mean		SE		mean		SE

		Main basin

		1997		120		15.52		2.39		0.744		0.070

		1998		120		15.17		2.43		0.730		0.073

		1999		120		15.21		2.48		0.734		0.073

		2000		120		15.38		2.64		0.707		0.080

		2001		120		15.62		2.49		0.731		0.078

		2002		120		15.22		2.53		0.735		0.074

		2003		120		15.35		2.55		0.741		0.072

		2004		120		14.80		2.46		0.714		0.079

		2005		120		15.25		2.51		0.721		0.078

		2006		120		15.18		2.42		0.721		0.079

		2007		120		15.00		2.57		0.730		0.073

		2008		120		15.71		2.52		0.733		0.078

		2009		120		15.23		2.50		0.744		0.068

		2010		120		14.70		2.31		0.739		0.070

		2011		120		15.66		2.51		0.740		0.071

		2012		120		15.07		2.46		0.740		0.071

		2013		119		15.17		2.51		0.743		0.069

		2014		120		15.03		2.32		0.731		0.071		120		15.23		2.36		0.752		0.067

		2015		119		15.40		2.52		0.739		0.073		119		15.40		2.51		0.735		0.068

		2016		117		14.89		2.39		0.728		0.074		117		15.50		2.46		0.748		0.070

		2017		117		15.08		2.50		0.730		0.075		117		14.62		2.31		0.731		0.070

		Above Willow Beach

		2014		120		15.23		2.36		0.752		0.067

		2015		119		15.40		2.51		0.735		0.068

		2016		117		15.50		2.46		0.748		0.070

		2017		117		14.62		2.31		0.731		0.070

		Reach 3

		2015		120		13.96		2.22		0.722		0.067

		2016		120		14.48		2.32		0.729		0.069

		2017		116		14.44		2.39		0.719		0.074



main basin	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	15.523857142857143	15.171214285714285	15.212142857142856	15.382571428571433	15.619714285714284	15.221928571428569	15.348571428571431	14.797714285714287	15.247428571428571	15.179	15.00242857142857	15.714642857142858	15.231285714285715	14.700928571428571	15.664928571428572	15.073142857142855	15.173714285714285	15.028642857142856	15.399285714285714	14.892214285714285	15.0825	AWB	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	15.228428571428571	15.400999999999998	15.495571428571427	14.618642857142857	







Sheet1

				Main Basin																						Above Willow Beach

				2014				2015				2016				2017				2018						2014				2015				2016				2017				2018

		Haplotype		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		Total		adults		larvae		adults		larvae		adults		larvae		adults		larvae		adults		larvae		Total

		a		5		10		5		12		6		14		7		22		2		14		97		2		7		1						6				23		1		3		43

		b		13		34		5		29		13		41		14		24		10		26		173		9		9				10				11		1		26		7		15		88

		c		2		4		5		6		1		5		2		10		2		7		35				1				1				4		1		6		1		5		19

		d				1				1						1				1		0		2												1								3		4

		e		89		222		92		250		64		307		113		333		91		245		1470		61		67		11		73		5		63		20		174		38		138		650

		f		3		6		2		5		5		11		2		4		3		14		38		3		2		1		1				1		1		11				7		27

		g		4		6		2		8		2		5		3		13				17		43		1										5				4		2		1		13

		h		2		6		3		9		2		5		1		5		1		10		33		1		2				1				1						1		2		8

		i				2		1						4		1		2		1		1		10								1														1

		j		2		3		3		1				5		2		2				1		18		1						2				4		1		2				1		11

		k				2				1				2		1		4				4		10								5								2				2		9

		l																						0												1				1						2

		m		1		5		1		2				1		1		5				3		16		1		1				1								2						5

		p		5		5		1		6		2		2		8		3		2		6		32				2												4		1		4		11

		q				7				3		1				3		3		2		2		17						1										1		2		2		6

		r		13		35		10		29		13		48		13		24		14		26		185		6		10		3		4		2		10		5		56		3		26		125

		s		5		12		15		30		8		27		15		34		10		46		146		14		11		3		10		1		17		4		25		7		12		104

		u				2		1		2				8		2		6				5		21		1						2				1				3		1		2		10

		v				1				1		3		2										7								2				2				1				2		7

		z				1																		1																						0

		bb				10		1		1		3		10		4		3		4		3		32		1		1				1				1						1		4		9

		cc		16				6		6		4		5		2		3		1		3		42		1						2				1								1		5

		dd								2		1		1				1						4								1														1

		ff																						0																				1		1

		gg														1								0																1						1

		ii																						0				1																		1

		Total		160		374		153		404		128		503		196		501		144		433		1722		102		114		20		117		8		129		33		342		65		231		1161





Mohave fstats

		Year		# of collections		FST		P		FCT		P		FSC		P

		1997		13		0.088		<0.0001		-0.021		0.845		0.110		<0.0001

		1998		19		0.043		<0.0001		-0.002		0.512		0.045		<0.0001

		1999		13		0.039		<0.0001		-0.012		0.715		0.050		0.001

		2000		16		0.049		<0.0001		-0.009		0.758		0.058		<0.0001

		2001		10		0.102		<0.0001		-0.001		0.522		0.103		0.001

		2002		14		0.020		0.015		-0.004		0.651		0.024		0.016

		2003		14		0.060		<0.0001		0.023		0.069		0.037		0.004

		2004		24		0.147		<0.0001		0.010		0.240		0.138		<0.0001

		2005		17		0.059		<0.0001		0.001		0.380		0.058		<0.0001

		2006		23		0.062		<0.0001		-0.000		0.430		0.063		<0.0001

		2007		13		0.043		<0.0001		-0.012		0.740		0.054		<0.0001

		2008		24		0.057		<0.0001		0.004		0.275		0.053		<0.0001

		2009		21		0.097		<0.0001		-0.019		0.994		0.113		<0.0001

		2010		19		0.042		<0.0001		-0.006		0.761		0.047		<0.0001

		2011		19		0.011		0.059		0.000		0.510		0.011		0.074

		2012		21		0.033		<0.0001		0.006		0.163		0.027		<0.0001

		2013		20		0.045		<0.0001		-0.001		0.514		0.046		<0.0001

		2014		15		0.022		0.007		0.002		0.372		0.020		0.014

		2015		16		0.031		<0.0001		0.008		0.101		0.023		<0.0001

		2016		22		0.022		<0.0001		0.003		0.233		0.019		<0.0001

		2017		23		0.060		<0.0001		0.007		0.226		0.053		<0.0001

		2018		18		0.050		<0.0001		0.001		0.371		0.049		<0.0001

		2019		18		0.057		<0.0001		0.003		0.283		0.054		<0.0001



FST	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	8.7999999999999995E-2	4.2999999999999997E-2	3.9E-2	4.9000000000000002E-2	0.10199999999999999	0.02	0.06	0.14699999999999999	5.8999999999999997E-2	6.2E-2	4.2999999999999997E-2	5.6680000000000001E-2	9.6500000000000002E-2	4.1540000000000001E-2	1.0999999999999999E-2	3.3000000000000002E-2	4.4999999999999998E-2	2.1999999999999999E-2	3.1E-2	2.1999999999999999E-2	0.06	0.05	5.7000000000000002E-2	FCT	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	-2.1000000000000001E-2	-2E-3	-1.2E-2	-8.9999999999999993E-3	-1E-3	-4.0000000000000001E-3	2.3E-2	0.01	1E-3	-4.0000000000000002E-4	-1.2E-2	4.0200000000000001E-3	-1.8960000000000001E-2	-5.7000000000000002E-3	0	6.0000000000000001E-3	-1E-3	2E-3	8.0000000000000002E-3	3.0000000000000001E-3	7.0000000000000001E-3	1E-3	3.0000000000000001E-3	FSC	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	0.11	4.4999999999999998E-2	0.05	5.80	00000000000003E-2	0.10299999999999999	2.4E-2	3.6999999999999998E-2	0.13800000000000001	5.8000000000000003E-2	6.3E-2	5.3999999999999999E-2	5.2880000000000003E-2	0.1133	4.6969999999999998E-2	1.0999999999999999E-2	2.7E-2	4.5999999999999999E-2	0.02	2.3E-2	1.9E-2	5.2999999999999999E-2	4.9000000000000002E-2	5.3999999999999999E-2	









mt variation over time

		Year		HR		gene diversity

		1997		4.66		0.57

		1998		4.60		0.51

		1999		4.37		0.50

		2000		4.82		0.57

		2001		4.54		0.57

		2002		4.37		0.51

		2003		4.70		0.59

		2004		4.61		0.52

		2005		5.11		0.58

		2006		4.95		0.56

		2007		5.81		0.63

		2008		5.11		0.57

		2009		5.10		0.63

		2010		5.17		0.55

		2011		5.71		0.59

		2012		5.71		0.63								SUMMARY OUTPUT										allelic richness												SUMMARY OUTPUT										gene diversity

		2013		5.66		0.64

		2014		5.62		0.61								Regression Statistics																						Regression Statistics

		2015		4.99		0.58								Multiple R		0.7193149038																				Multiple R		0.5564703955

		2016		5.49		0.58								R Square		0.5174139308																				R Square		0.309659301

		2017		4.87		0.53								Adjusted R Square		0.4944336417																				Adjusted R Square		0.2767859344

		2018		5.21		0.63								Standard Error		0.3493884577																				Standard Error		0.0367794454

		2019		6.06		0.63								Observations		23																				Observations		23



														ANOVA																						ANOVA

																df		SS		MS		F		Significance F														df		SS		MS		F		Significance F

														Regression		1		2.7485252964		2.7485252964		22.5155536772		0.0001096628												Regression		1		0.0127423725		0.0127423725		9.4197623452		0.0058218103

														Residual		21		2.5635181818		0.1220722944																Residual		21		0.0284072796		0.0013527276

														Total		22		5.3120434783																		Total		22		0.0411496522



																Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

														Intercept		-99.5487747036		22.0538479232		-4.5138959446		0.000190205		-145.4122621741		-53.685287233		-145.4122621741		-53.685287233						Intercept		-6.5477905138		2.321565802		-2.8204199546		0.0102489894		-11.3757508971		-1.7198301306		-11.3757508971		-1.7198301306

														X Variable 1		0.0521146245		0.0109829321		4.7450557085		0.0001096628		0.0292743669		0.0749548821		0.0292743669		0.0749548821						X Variable 1		0.003548419		0.001156152		3.0691631343		0.0058218103		0.0011440694		0.0059527686		0.0011440694		0.0059527686









HR	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	4.66	4.5999999999999996	4.37	4.82	4.54	4.37	4.7	4.6100000000000003	5.1100000000000003	4.95	5.81	5.1100000000000003	5.0999999999999996	5.17	5.71	5.71	5.66	5.62	4.99	5.49	4.87	5.21	6.06	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	4.66	4.5999999999999996	4.37	4.82	4.54	4.37	4.7	4.6100000000000003	5.1100000000000003	4.95	5.81	5.1100000000000003	5.0999999999999996	5.17	5.71	5.71	5.66	5.62	4.99	5.49	4.87	5.21	6.06	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	4.66	4.5999999999999996	4.37	4.82	4.54	4.37	4.7	4.6100000000000003	5.1100000000000003	4.95	5.81	5.1100000000000003	5.0999999999999996	5.17	5.71	5.71	5.66	5.62	4.99	5.49	4.87	5.21	6.06	



0.57	0.51	0.50	0.57	0.57	0.51	0.59	0.52	0.58	0.56	0.63	0.57	0.63	0.55	0.59	0.63	0.64	0.61	0.58	0.58	0.53	0.63	0.63	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	0.56999999999999995	0.51	0.5	0.56999999999999995	0.56999999999999995	0.51	0.59	0.52	0.57999999999999996	0.56000000000000005	0.63	0.56999999999999995	0.63	0.55000000000000004	0.59	0.63	0.64	0.61	0.57999999999999996	0.57999999999999996	0.53	0.63	0.63100000000000001	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	0.56999999999999995	0.51	0.5	0.56999999999999995	0.56999999999999995	0.51	0.59	0.52	0.57999999999999996	0.56000000000000005	0.63	0.56999999999999995	0.63	0.55000000000000004	0.59	0.63	0.64	0.61	0.57999999999999996	0.57999999999999996	0.53	0.63	0.63100000000000001	





Appendix 1 - pop stats

		Year		Area		Date		N		Nh		HR		gene diversity

		2014		Above Owl Point		25-Mar		25		6		5.2		0.58 +/-  0.11

		2014		Nine Mile area		25-Feb		24		9		8.1		0.78 +/-  0.08

		2014		Nine Mile area		13-Mar		25		7		6.4		0.74 +/-  0.08						Nh = number of haplotypes

		2014		Nine Mile area		24-Mar		25		7		6.0		0.67 +/-  0.09						HR = number of haplotypes corrected by rarefaction

		2014		Nine Mile area		28-Jan		25		6		5.0		0.48 +/-  0.12						* = statistically significant as indicated by resampling (Dowling et al. 2005)

		2014		Tequila Cove		28-Jan		25		4		3.5		0.36 +/-  0.12*

		2014		Tequila Cove		11-Feb		19		5		5.0		0.59 +/-  0.12								main basin - low														main basin - high

		2014		Tequila Cove		25-Feb		23		8		7.3		0.72 +/-  0.09								hr		div		# samples										hr		div		# samples

		2014		Tequila Cove		11-Mar		25		6		5.2		0.48 +/-  0.12						2014		0		1		15								2014		0		0		15

		2014		Tequila Cove		25-Mar		25		5		4.3		0.51 +/-  0.10						2015		1		1		16								2015		1		1		16

		2014		Yuma Cove		29-Jan		25		6		5.2		0.53 +/-  0.11						2016		2		3		22				0.1026785714				2016		0		0		22

		2014		Yuma Cove		13-Feb		25		5		4.8		0.78 +/-  0.04						2017		4		5		23								2017		0		0		23

		2014		Yuma Cove		25-Feb		33		7		5.2		0.67 +/-  0.07						2018		1		1		18								2018		1		1		18

		2014		Yuma Cove		13-Mar		25		8		7.1		0.72 +/-  0.09						2019		1		3		18								2019		0		0		18

		2015		Nine Mile area		7-Apr		25		7		6.0		0.59 +/-  0.11								9		14		112										2		2		112

		2015		Nine Mile area		3-Feb		24		9		7.7		0.80 +/-  0.07

		2015		Nine Mile area		17-Feb		25		6		5.1		0.67 +/-  0.08

		2015		Nine Mile area		4-Mar		25		10		8.0		0.79 +/-  0.08

		2015		Nine Mile area		16-Mar		24		7		5.7		0.56 +/-  0.12								ABW - low														ABW - high

		2015		Tequila Cove		15-Jan		26		4		3.1		0.22 +/-  0.11*								hr		div		# samples										hr		div		# samples

		2015		Tequila Cove		3-Feb		20		7		6.9		0.86 +/-  0.04+						2014		0		0		1								2014		0		0		1

		2015		Tequila Cove		17-Feb		18		4		4.0		0.54 +/-  0.12						2015		0		0		1								2015		0		1		1

		2015		Tequila Cove		4-Mar		22		2*		2.0		0.37 +/-  0.10						2016		0		0		6								2016		0		1		6

		2015		Tequila Cove		16-Mar		30		6		4.4		0.46 +/-  0.11						2017		1		0		13								2017		0		0		13

		2015		Yuma Cove		15-Jan		31		5		4.3		0.49 +/-  0.10						2018		1		0		10								2018		0		0		10

		2015		Yuma Cove		5-Feb		29		6		4.6		0.43 +/-  0.11						2019		0		0		7								2019		0		0		7

		2015		Yuma Cove		17-Feb		31		6		4.3		0.55 +/-  0.09								2		0		38										0		2		38

		2015		Yuma Cove		4-Mar		23		6		5.7		0.78 +/-  0.06

		2015		Yuma Cove		16-Mar		25		5		4.6		0.61 +/-  0.09

		2015		Yuma Cove		31-Mar		25		6		5.3		0.63 +/-  0.10

		2015		Yuma Cove		1-Apr		25		5		4.2		0.51 +/-  0.10

		2016		Above Owl Point		29-Mar		24		6		5.4		0.60 +/- 0.11

		2016		Above Owl Point		30-Mar		26		6		5.3		0.65 +/- 0.09

		2016		Above Owl Point		12-Apr		7		4		NA		0.81 +/- 0.13

		2016		Above Owl Point		12-Apr		25		4		3.4		0.30 +/- 0.12*

		2016		Nine Mile area		27-Jan		25		6		4.8		0.43 +/- 0.12

		2016		Nine Mile area		16-Feb		19		9		8.8		0.85 +/- 0.07+

		2016		Nine Mile area		2-Mar		25		7		7.5		0.78 +/- 0.06

		2016		Nine Mile area		15-Mar		25		9		6.1		0.76 +/- 0.08

		2016		Nine Mile area		13-Apr		22		6		5.6		0.59 +/- 0.12

		2016		Tequila Cove		27-Jan		25		3*		2.7		0.29 +/- 0.11*

		2016		Tequila Cove		2-Feb		30		7		5.0		0.63 +/- 0.09

		2016		Tequila Cove		16-Feb		27		6		5.6		0.67 +/- 0.07

		2016		Tequila Cove		1-Mar		18		4		4.0		0.48 +/- 0.13

		2016		Tequila Cove		15-Mar		26		4		3.6		0.50 +/- 0.10

		2016		Tequila Cove		29-Mar		30		6		4.4		0.46 +/- 0.11				Nh = number of haplotypes

		2016		Tequila Cove		13-Apr		25		8		6.5		0.64 +/- 0.11				HR = number of haplotypes corrected by rarefaction

		2016		Yuma Cove		25-Jan		25		5		4.6		0.70 +/- 0.07				* = statistically significant as indicated by resampling (Dowling et al. 2005)

		2016		Yuma Cove		2-Feb		25		8		6.3		0.69 +/- 0.08				na = sample size too small to calculate

		2016		Yuma Cove		16-Feb		11		7		NA		0.82 +/- 0.12

		2016		Yuma Cove		29-Feb		14		2*		NA		0.14 +/- 0.12*

		2016		Yuma Cove		15-Mar		25		6		5.1		0.53 +/- 0.11

		2016		Yuma Cove		11-Apr		24		12+		9.7		0.82 +/- 0.07+

		2017		Above Owl Point		20-Mar		26		7		6.1		0.42 +/- 0.12

		2017		Above Owl Point		12-Apr		25		7		5.5		0.43 +/- 0.12

		2017		Nine Mile area		8-Feb		28		8		7.3		0.81 +/- 0.05

		2017		Nine Mile area		21-Feb		27		7		6.4		0.67 +/- 0.09

		2017		Nine Mile area		6-Mar		32		6		5.3		0.63 +/- 0.09

		2017		Nine Mile area		21-Mar		25		5		4.9		0.62 +/- 0.10

		2017		Nine Mile area		4-Apr		22		8		8.0		0.70 +/- 0.10

		2017		Nine Mile area		26-Apr		12		1*		na		0.00 +/- 0.00*

		2017		Tequila Cove		8-Feb		25		4		3.9		0.51 +/- 0.10

		2017		Tequila Cove		21-Feb		23		4		3.9		0.38 +/- 0.12

		2017		Tequila Cove		7-Mar		25		2*		2.0		0.45 +/- 0.07

		2017		Tequila Cove		21-Mar		27		6		5.6		0.68 +/- 0.08

		2017		Tequila Cove		26-Apr		6		3		na		0.60 +/- 0.22

		2017		Tequila Cove		1-May		3		2		na		0.67 +/- 0.31

		2017		Tequila Cove		12&24-Jan		25		4		3.8		0.30 +/- 0.12*

		2017		Yuma Cove		11-Jan		11		3		na		0.47 +/- 0.16

		2017		Yuma Cove		25-Jan		24		5		4.8		0.58 +/- 0.10

		2017		Yuma Cove		7-Feb		26		7		6.5		0.62 +/- 0.10

		2017		Yuma Cove		21-Feb		24		3*		2.9		0.41 +/- 0.10*

		2017		Yuma Cove		6-Mar		25		6		5.9		0.63 +/- 0.10

		2017		Yuma Cove		26-Apr		25		2*		2.0		0.28 +/- 0.10*

		2017		Yuma Cove		8-May		10		2		na		0.20 +/- 0.15*

		2017		Yuma Cove		4&5-Apr		25		5		4.8		0.48 +/- 0.12

		2018		AOP		10-Apr		23		5		4.1		0.50 +/-  0.11

		2018		Nine Mile area		30-Jan		10		3		NA		0.64 +/-  0.10

		2018		Nine Mile area		12-Feb		26		12+		9.0		0.85 +/-  0.06+

		2018		Nine Mile area		12-Mar		25		5		4.3		0.61 +/-  0.09

		2018		Nine Mile area		27-Mar		25		8		6.4		0.68 +/-  0.10

		2018		Nine Mile area		10-Apr		25		10		7.3		0.73 +/-  0.09

		2018		Tequila Cove		30-Jan		24		6		5.2		0.76 +/-  0.06

		2018		Tequila Cove		12-Feb		29		3*		2.4		0.20 +/-  0.10*

		2018		Tequila Cove		28-Feb		30		5		4.1		0.54 +/-  0.10

		2018		Tequila Cove		13-Mar		25		6		5.0		0.66 +/-  0.09

		2018		Tequila Cove		27-Mar		16		7		7.0		0.79 +/-  0.096

		2018		Tequila Cove		10-Apr		25		5		3.8		0.36 +/-  0.12*

		2018		Yuma Cove		25-Jan		25		5		4.6		0.74 +/-  0.05

		2018		Yuma Cove		29-Jan		25		6		4.8		0.58 +/-  0.11

		2018		Yuma Cove		12-Feb		25		7		5.6		0.77 +/-  0.06

		2018		Yuma Cove		28-Feb		25		8		6.2		0.74 +/-  0.08

		2018		Yuma Cove		19-Mar		25		6		4.6		0.53 +/-  0.11

		2018		Yuma Cove		10-Apr		25		5		4.3		0.61 +/-  0.09

		2019		AOP		16-May		41		11		7.9		0.69 +/-  0.07

		2019		AOP - Emerald		4-Apr		24		3*		3.0		0.24 +/-  0.11*

		2019		AOP - Redtail		4-Apr		26		4		4.0		0.54 +/-  0.10

		2019		Nine Mile area		22-Jan		26		5		4.9		0.51 +/-  0.11

		2019		Nine Mile area		7-Feb		7		4		NA		0.81 +/-  0.13				HR was calculated separately for each of the three regions (N = 16, 18, and 21, respectively)

		2019		Nine Mile area		4-Mar		25		8		7.9		0.83 +/-  0.05+

		2019		Nine Mile area		18-Mar		24		7		7.0		0.76 +/-  0.06

		2019		Nine Mile area		1-Apr		30		10		9.1		0.77 +/-  0.07

		2019		Tequila Cove		5-Feb		25		5		4.9		0.62 +/-  0.07

		2019		Tequila Cove		20-Feb		28		7		6.4		0.61 +/-  0.10

		2019		Tequila Cove		6-Mar		29		6		5.8		0.60 +/-  0.10

		2019		Tequila Cove		18-Mar		25		4		4.0		0.42 +/-  0.12*

		2019		Tequila Cove		4-Apr		25		6		6.0		0.71 +/-  0.09

		2019		Yuma Cove		6-Feb		25		8		7.8		0.80 +/-  0.06

		2019		Yuma Cove		19-Feb		26		7		6.7		0.52 +/-  0.12

		2019		Yuma Cove		5-Mar		24		5		5.0		0.49 +/-  0.12

		2019		Yuma Cove		19-Mar		25		6		6.0		0.70 +/-  0.08

		2019		Yuma Cove		1-Apr		25		7		6.8		0.73 +/-  0.07



		Year		Area		Date		N		Nh		HR		gene diversity

		2014		Above Willow Beach		multiple		114		12		na		0.63 +/- 0.05

		2015		Above Willow Beach		multiple		117		16+		na		0.60 +/- 0.05

		2016		Above Willow Beach		20-Jan		15		6		5.8		0.79 +/-  0.08

		2016		Above Willow Beach		1-Feb		32		7		4.4		0.48 +/-  0.11

		2016		Above Willow Beach		16-Feb		25		6		4.7		0.58 +/-  0.11

		2016		Above Willow Beach		21-Mar		25		8		6.5		0.81 +/-  0.06

		2016		Above Willow Beach		25-Apr		7		5		NA		0.86 +/-  0.14

		2016		Above Willow Beach		29-Feb		25		9		7.0		0.84 +/-  0.06+

		2017		Above Willow Beach		9-Jan		28		8		7.2		0.67 +/-  0.10

		2017		Above Willow Beach		23-Jan		25		6		5.5		0.58 +/-  0.11

		2017		Above Willow Beach		6-Feb		24		9		8.1		0.66 +/-  0.11

		2017		Above Willow Beach		23-Feb		26		8		7.2		0.75 +/-  0.07

		2017		Above Willow Beach		8-Mar		25		8		7.5		0.78 +/-  0.07

		2017		Above Willow Beach		6-Apr		28		8		6.7		0.62 +/-  0.10

		2017		Above Willow Beach		24-Apr		25		6		5.4		0.60 +/-  0.09

		2017		Above Willow Beach		9-May		28		6		5.4		0.70 +/-  0.06

		2017		Above Willow Beach		22-May		24		8		7.6		0.79 +/-  0.07

		2017		Above Willow Beach		1-Jun		28		3*		3.0		0.60 +/-  0.07

		2017		Above Willow Beach		7-Jun		33		6		5.5		0.67 +/-  0.08

		2017		Above Willow Beach		12-Jun		27		7		6.3		0.77 +/-  0.05

		2017		Above Willow Beach		20-Jun		21		6		6.0		0.77 +/-  0.06

		2018		Above Willow Beach		11-Jan		25		9		7.7		0.79 +/-  0.07

		2018		Above Willow Beach		22-Jan		25		5		4.6		0.53 +/-  0.11

		2018		Above Willow Beach		4-Feb		21		9		8.1		0.73 +/-  0.10

		2018		Above Willow Beach		12-Feb		19		7		6.8		0.67 +/-  0.12

		2018		Above Willow Beach		26-Feb		18		7		7.0		0.57 +/-  0.14

		2018		Above Willow Beach		10-Apr		25		8		6.5		0.67 +/-  0.10

		2018		Above Willow Beach		23-Apr		25		7		6.0		0.67 +/-  0.09

		2018		Above Willow Beach		9-May		25		3*		2.9		0.49 +/-  0.09

		2018		Above Willow Beach		31-May		23		6		5.5		0.57 +/-  0.12

		2018		Above Willow Beach		15&16-May		25		5		4.6		0.57 +/-  0.10

		2019		Above Willow Beach		9-Jan		25		5		5.0		0.53 +/- 0.11

		2019		Above Willow Beach		22-Jan		25		5		5.0		0.48 +/- 0.12

		2019		Above Willow Beach		5-Feb		25		6		6.0		0.58 +/- 0.11

		2019		Above Willow Beach		20-Feb		28		9		8.5		0.73 +/- 0.08

		2019		Above Willow Beach		7-Mar		26		6		5.9		0.56 +/- 0.11

		2019		Above Willow Beach		18-Mar		25		10		10.0		0.72 +/- 0.09

		2019		Above Willow Beach		8-May		46		10		7.9		0.74 +/- 0.06



		Year		Area		Date		N		Nh		HR		gene diversity

		2006		A-10 backwater		10-Mar		51		6		5.2		0.73 +/- 0.04

		2006		Lake Havasu		3-Apr		28		3*		2.4		0.14 +/- 0.09*

		2009		Blankenship Bend		10-Feb		26		5		4.7		0.46 +/-  0.12

		2009		Davis Cove		1-Apr		25		4		4.0		0.56 +/- 0.10								Havasu - low														Havasu  - high

		2009		Davis Cove		2-Apr		25		4		3.8		0.41 +/- 0.11*								hr		div		# samples										hr		div		# samples

		2009		Pulpit Rock		11-Feb		25		5		4.6		0.42 +/- 0.12						2015		0		0		10								2015		0		0		10

		2010		Davis Cove				23		6		6.0		0.71 +/- 0.09						2016		1		0		9								2016		0		0		9

		2012		Lake Havasu		mix		54		8		5.4		0.51 +/- 0.08						2017		0		0		18								2017		0		1		18

		2015		Blankenship Bend		24-Mar		25		8		6.6		0.75 +/- 0.08						2018		0		0		15								2018		0		3		15

		2015		Dredge		28-Mar		24		6		5.2		0.71 +/- 0.08						2019		0		0		15								2019		0		1		15

		2015		Jack Smith		13-Jan		25		8		6.4		0.77 +/- 0.07								1		0		67										0		5		67

		2015		Jack Smith		5-Feb		24		6		5.4		0.72 +/- 0.08

		2015		Jack Smith		3-Mar		25		6		5.3		0.67 +/- 0.09

		2015		Park Moabi 		15-Jan		16		6		6.0		0.82 +/- 0.07

		2015		Park Moabi 		9-Feb		23		6		5.2		0.62 +/- 0.11

		2015		Park Moabi 		27-Mar		25		7		5.5		0.70 +/- 0.08

		2015		Pulpit		26-Mar		25		8		6.4		0.77 +/- 0.07

		2015		Sand Dunes		26-Mar		25		8		6.8		0.84 +/- 0.05

		2016		Jack Smith		19-Feb		25		8		6.7		0.68 +/-  0.10

		2016		Jack Smith		20-Apr		25		3*		2.7		0.55 +/-  0.05

		2016		Mesquite Bay		2-Mar		29		7		5.4		0.60 +/-  0.10

		2016		Park Moabi		16-Mar		71		14		7.3		0.70 +/-  0.06

		2016		Park Moabi 		1-Mar		32		7		5.7		0.63 +/-  0.09

		2016		Park Moabi 		19-Apr		26		6		5.5		0.76 +/-  0.05

		2016		Park Moabi 		17&21-Feb		18		7		7.0		0.63 +/-  0.13

		2016		Pulpit		1-Mar		32		9		6.6		0.70 +/-  0.08

		2016		Sand Dunes		1-Mar		25		8		6.7		0.68 +/-  0.10

		2017		Big Bend/Boyscout		18-Jan		4		2		NA		0.50 +/- 0.27

		2017		Big Bend/Boyscout		8-Mar		5		5		NA		1.00 +/- 0.13

		2017		Big Bend/Boyscout		13&14-Feb		3		2		NA		0.67 +/- 0.31

		2017		Jack Smith		18-Jan		25		5		4.8		0.42 +/- 0.12

		2017		Jack Smith		9-Feb		25		10		9.5		0.79 +/- 0.07

		2017		Jack Smith		21-Feb		25		7		6.8		0.71 +/- 0.09

		2017		Jack Smith		27-Feb		25		6		5.8		0.69 +/- 0.08

		2017		Jack Smith		13-Mar		25		7		6.7		0.69 +/- 0.08

		2017		Park Moabi		20-Jan		23		4		4.0		0.58 +/- 0.09

		2017		Park Moabi		8-Feb		28		9		8.2		0.71 +/- 0.09

		2017		Park Moabi		21-Feb		25		7		6.8		0.75 +/- 0.07

		2017		Park Moabi		27-Feb		25		9		8.8		0.84 +/- 0.06+

		2017		Park Moabi		13-Mar		25		7		6.8		0.71 +/- 0.09

		2017		Pulpit		19-Jan		23		8		8.0		0.78 +/- 0.07

		2017		Pulpit		9-Feb		25		9		8.6		0.76 +/- 0.08

		2017		Pulpit		21-Feb		25		7		6.8		0.78 +/- 0.06

		2017		Pulpit		27-Feb		25		9		8.8		0.68 +/- 0.10

		2017		Sand Dunes		14-Mar		25		8		7.7		0.68 +/- 0.10

		2018		Big Bend/Boyscout		26-Mar		4		1		NA		0.00 +/- 0.00

		2018		Jack Smith		15-Jan		25		8		7.8		0.76 +/-  0.07

		2018		Jack Smith		19-Feb		25		9		8.8		0.75 +/-  0.08

		2018		Jack Smith		5-Mar		25		7		6.8		0.59 +/-  0.11

		2018		Jack Smith		21-Mar		25		7		7.0		0.54 +/-  0.12

		2018		Jack Smith		5-Apr		25		10		9.8		0.82 +/-  0.07+

		2018		Park Moabi		16-Jan		25		9		8.9		0.87 +/-  0.04+

		2018		Park Moabi		21-Feb		25		7		6.8		0.71 +/-  0.07

		2018		Park Moabi		6-Mar		24		6		6.0		0.67 +/-  0.09

		2018		Park Moabi		20-Mar		24		9		9.0		0.71 +/-  0.10

		2018		Park Moabi		5-Apr		25		6		5.9		0.76 +/-  0.05

		2018		Pulpit		17-Jan		26		10		9.8		0.89 +/-  0.04+

		2018		Pulpit		6-Mar		24		6		6.0		0.76 +/-  0.07

		2018		Pulpit		21-Mar		25		7		6.9		0.63 +/-  0.10

		2018		Pulpit		5-Apr		25		7		6.8		0.62 +/-  0.10

		2019		Jack Smith		28-Jan		25		6		6.0		0.75 +/- 0.06

		2019		Jack Smith		18-Feb		25		6		5.9		0.53 +/- 0.11

		2019		Jack Smith		4-Mar		25		8		7.0		0.68 +/- 0.10

		2019		Jack Smith		20-Mar		25		5		5.0		0.65 +/- 0.09

		2019		Jack Smith		9-Apr		26		8		7.7		0.78 +/- 0.06

		2019		Park Moabi		28-Jan		25		8		7.8		0.75 +/- 0.08

		2019		Park Moabi		18-Feb		25		7		6.9		0.76 +/- 0.07

		2019		Park Moabi		5-Mar		25		8		7.8		0.71 +/- 0.09

		2019		Park Moabi		19-Mar		25		8		7.8		0.71 +/- 0.09

		2019		Park Moabi		9-Apr		26		8		7.8		0.79 +/- 0.05

		2019		Pulpit		30-Jan		25		8		7.8		0.84 +/- 0.04+

		2019		Pulpit		18-Feb		25		4		4.0		0.52 +/- 0.10

		2019		Pulpit		5-Mar		25		8		7.8		0.68 +/- 0.10

		2019		Pulpit		19-Mar		25		9		8.8		0.72 +/- 0.09

		2019		Pulpit		9-Apr		25		9		8.8		0.72 +/- 0.09







Distribution of haplotypes - 2019

Sample Sizes
Mohave = 460
Mead = 333

• Fewer 
haplotypes than 
Lake Mohave

• Different 
frequencies of 
haplotypes
– P and S



Variation among annual samples
Lake 
Mohave
Pre-2010

Post-2010



Conclusions
Lake Mead (Reach 1)

• RASU in Lake Mead have 
diverged from Lake 
Mohave
– Impact of drift due to 

small population size?
– We have seen most 

flannelmouth-razorback 
sucker hybrids at the 
Colorado River inflow, 
increased influx from 
Grand Canyon?

– Other geographic effects?
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