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Introduction	

Two	 different	 multi-metric	 fish	 indices	 are	
currently	 used	 to	 assess	 ecological	 status	 in	
Swedish	 lakes	 (EQR8)	 and	 streams	 (VIX),	
respectively	 (Naturvårdsverket	 2007,	 Havs-	 och	
vattenmyndigheten	 2013).	 EQR8	 is	 calculated	
from	 eight	 fish	metrics.	 Each	metric	 is	 a	whole-
lake	 estimate	 from	 standard	 sampling	 with	
Nordic	 multi-mesh	 gillnets	 (CEN	 2015),	 where	
the	 numbers	 of	 gillnets	 set	 in	 a	 standard	 effort	
depends	on	lake	area	and	maximum	depth.	VIX	is	
similarly	calculated	from	seven	fish	metrics,	from	
the	 catch	 in	 a	 standard	 electrofishing	 sample	
(CEN	 2003)	 at	 a	 defined	 stream	 reach,	 i.e.	 an	
electrofishing	site.		

Guidance	 on	 uncertainty	 of	 EQR8	 and	 VIX	 in	
single	 year	 samples	 was	 already	 given	 in	 the	
reports	 describing	 the	 index	 development.	 For	
lakes	 sampled	 in	 multiple	 years,	 the	 median	
standard	deviation	(SD)	of	EQR8	was	0.077,	and	
this	value	was	suggested	as	a	general	estimate	of	
uncertainty	 (Holmgren	 et	 al.	 2007).	 The	
corresponding	SD	of	VIX	varied	significantly	with	
the	 proportion	 of	 lakes	 in	 the	 catchment,	
altitude,	minimum	distance	to	lake,	sampled	area	
and	 catchment	 area	 for	 the	 electrofishing	 sites	
(Beier	 et	 al.	 2007).	 Therefore	 a	 function	 was	
suggested	 for	 estimation	 of	 site-specific	
uncertainty	of	VIX-values	from	single	years.	

Within	 the	 WATERS	 project	 uncertainty	
associated	with	 status	 assessment	of	 inland	 fish	
was	 further	 explored	 in	 two	 separate	 studies.	
The	 first	 study	 is	 a	 general	 contribution	 to	 a	

library	of	variance	components	 for	all	biological	
indicators	 used	 in	 Swedish	 inland	 and	 coastal	
waters	 (Bergström	 &	 Lindegarth	 2016),	
including	 the	 inland	 fish	 indices	 EQR8	 and	 VIX.	
The	 second	 study	 focused	 specifically	 on	
uncertainty	in	two	metrics	of	lake	fish	abundance	
(Balsby	&	Holmgren	manuscript).	This	extended	
summary	 gives	 a	 short	 review	 of	 the	 datasets	
and	the	main	results	concerning	inland	fish	from	
both	of	those	studies.	

Uncertainty	of	EQR8	and	its	metrics	

The	 lake	 fish	 dataset	 for	 this	 study	 consisted	 of	
772	 whole-lake	 estimates	 of	 EQR8	 and	 its	
metrics	 from	 396	 non-limed	 lakes	 sampled	 in	
one	 or	 more	 years	 during	 2002-2013,	 each	
sample	 with	 lake-specific	 standard	 efforts	 of	 8-
72	 benthic	 gillnets	 (depending	 on	 lake	 size).	 In	
addition	to	the	index	EQR8	(value	between	0	and	
1),	observed	or	log-transformed	values	were	also	
provided	 for	 the	 3-8	 metrics	 that	 could	 be	
calculated	 from	 the	 catch	 at	 each	 sampling	
occasion	(see	Holmgren	et	al.	2007).	The	metrics	
were	 1)	 number	 of	 native	 species	 (Niart),	 2)	
Simpson’s	Dn	(SDn),	3)	Simpson’s	Dw	(SDw),	4)	
relative	 biomass	 of	 native	 species	 (lgWiart),	 5)	
relative	 number	 of	 individuals	 of	 native	 species	
(lgNiind),	6)	mean	 individual	weight	 in	 the	 total	
catch	 (lgMeanW),	 7)	 proportion	 of	 potentially	
piscivorous	 percids	 (Andpis)	 and	 8)	 biomass	
ratio	percids/cyprinids.			

With	this	dataset	it	was	only	possible	to	count	for	
variability	among	samples	within	lakes	(S2e)	and	
among	years	within	 a	6-year	 assessment	period	
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(S2Y),	 i.e.	 either	 2002-2007	 or	 2008-2013.	 The	
most	 important	 component	 was	 the	 variability	
among	 samples	 within	 a	 lake.	 It	 was	 several	
orders	 of	 magnitude	 larger	 than	 the	 variability	
among	 years	 within	 an	 assessment	 period,	 for	
EQR8	 as	 well	 as	 for	 each	 of	 its	 metrics.	 The	
estimated	 S2e	 (0.006)	 corresponds	 to	 a	 SY	 =	
0.077.	Because	of	 the	 insignificant	S2Y	 (<	0.001),	
the	 overall	 uncertainty	 (SE)	 of	 EQR8	 for	 a	 lake	
sampled	 once	 per	 6-year	 assessment	 period	 is	
also	 0.077.	 	 Interestingly,	 this	 is	 the	 same	 value	
as	 the	median	 SD	 of	 EQR8	 in	 the	 smaller	 set	 of	
113	 lakes	 sampled	 for	 3-5	 years	 during	 a	
previous	time	frame	(Holmgren	et	al.	2007).	This	
study	 showed	 that	 for	 a	 6-year	 assessment	 of	
EQR8	 and	 its	 metrics	 the	 uncertainty	 will	 be	
slightly	reduced	by	fish	sampling	in	two	or	more	
years.				

Uncertainty	of	VIX	and	side	indices	

The	 stream	 fish	 data	 set	 consisted	 of	 2330	
estimates	 of	 VIX	 at	 247	 electrofishing	 sites	 in	 a	
total	of	66	non-limed	or	 limed	streams	sampled	
in	 4-12	 years	 during	 2003-2014.	 The	 selected	
streams	 were	 sampled	 more	 or	 less	 annually	
within	 two	 national	 monitoring	 programs.	
Estimates	 of	 the	 side	 indices	 VIXsm	 (for	
acidity/morphological	 pressure)	 and	 VIXh	 (for	
hydrological	pressure)	were	included	in	addition	
to	 VIX,	 which	 responds	 more	 generally	 to	
different	 pressures	 (Beier	 et	 al.	 2007).	 VIX,	
VIXsm	and	VIXh	were	all	given	as	values	between	
0	and	1.	

Variance	 was	 estimated	 among	 samples	 within	
streams	 (S2e)	 and	 among	 years	 within	 a	 6-year	
assessment	period	(S2Y),	in	this	case	either	2003-
2008	 or	 2009-2014.	 In	 contrast	 to	 the	 lake	
dataset,	 it	 was	 now	 also	 possible	 to	 estimate	
variance	 among	 electrofishing	 sites	 within	
streams	 (S2S)	 and	 the	 interaction	between	years	
and	sites	(S2Y*S).	The	rank	of	the	most	 important	
variance	 components	 differed	 between	 VIX,	
VIXsm	 and	 VIXh.	 For	 VIX,	 S2e	 was	 highest	
(10.1.10-3)	but	closely	followed	by	S2S	(9.39.10-3).	
For	 VIXsm,	 S2S	 was	 higher	 (9.36.10-3)	 than	 S2e	
(5.54.10-3),	and	with	a	significant	contribution	of	
the	 interaction	 S2Y*S	 (3.21.10-3).	 S2S	 was	 also	
highest	 (6.50.10-3)	 for	 VIXh,	 but	 also	 higher	

(5.29.10-3)	 than	 S2e	 (1.05.10-3).	 If	 sampling	 is	
done	 every	 year	 in	 a	 6-year	 assessment	 period,	
SE	=	0.105	of	VIX	is	lower	than	SE	=	0.140	of	VIX	
estimated	 for	 individual	 years.	 Both	 of	 these	
values	are	somewhat	higher	than	the	median	SD	
of	VIX	(0.088)	in	a	previously	anlalysed	selection	
of	336	sites	with	at	 least	 three	years	data	 in	the	
Swedish	electrofishing	register	SERS	(Beier	et	al.	
2007).	 The	 new	 study	 added	 estimates	 of	
uncertainty	 also	 for	 VIXsm	 och	 VIXh.	 It	
additionally	showed	that	the	precision	of	the	fish	
indices	 increase	more	by	 increasing	 the	number	
of	sites	sampled	 in	 the	stream	than	by	sampling	
more	years	in	the	6-years	assessment	period.	

Uncertainty	of	lake	fish	abundance	metrics	

While	 the	 above	 mentioned	 study	 dealt	 with	
aggregated	 whole-lake	 estimates	 of	 EQR8	 and	
each	 of	 its	 eight	 metrics,	 this	 study	 looked	
further	into	the	two	metrics	used	to	indicate	total	
abundance	 of	 all	 native	 fish	 species	 in	 the	 lakes	
(o	 metrics	 4	 and	 5	 as	 listed	 above).	 They	 are	
commonly	referred	to	as	biomass	and	number	of	
fish	 per	 unit	 of	 effort	 (BPUE	 and	 NPUE,	
respectively),	 where	 one	 effort	 is	 one	 Nordic	
benthic	 gillnet	 set	 at	 approximately	 12	 h	
including	 dusk	 and	 dawn.	 Standard	 sampling	
should	enable	comparisons	between	years	in	the	
same	 lake,	 and	 to	 avoid	 seasonal	 differences	
standard	 sampling	 is	 done	 in	 late	 summer.	 The	
standard	 gives	 guidance	 on	 the	 total	 number	 of	
gillnets	 depending	 on	 lake	 area	 and	 maximum	
depth,	 on	 distribution	 of	 effort	 first	 between	
available	 depth	 strata	 and	 then	 on	 random	
distribution	within	depth	strata	(CEN	2015).			

The	 present	 dataset	 included	 measures	 of	
biomass	and	number	of	fish	caught	in	individual	
gillnets,	 for	 15	 Swedish	 lakes	 sampled	 annually	
and	30	lakes	sampled	at	least	once	during	the	6-
years	 period	 2007-2012.	 In	 contrast	 to	 other	
metrics	 in	EQR8	index,	 fish	BPUE	and	NPUE	can	
be	measured	at	the	replicate	level	of	gillnets,	also	
for	gillnets	with	zero	catch.	As	 in	 the	previously	
described	 study,	 focus	 was	 on	 optimization	 of	
sampling	 effort	 to	 get	 indicator	 values	
representing	 the	 6-years	 period	 rather	 than	
individual	 years.	 The	 dataset	 was	 analyzed	 for	
each	 lake	 separately	and	 for	all	 lakes	 combined.	



	 	

3	
	

Variance	 components	 were	 estimated	 using	 a	
model	with	 for	 lake,	 depth	 stratum	 and	 year	 as	
fixed	 factors,	 and	 year	 nested	 within	 lake	 and	
replicate	 as	 random	 factors.	 	We	 also	 tested	 for	
effects	 of	 lake	 area,	 maximum	 depth	 and	
ecoregion	 on	 replicate	 variation	 for	 BPUE	 and	
NPUE,	by	using	linear	or	exponential	functions.		

In	 the	 total	 dataset,	 both	 BPUE	 and	 NPUE	
differed	 significantly	 between	 lakes,	 as	 well	 as	
between	 depth	 strata,	 but	 there	 was	 no	 overall	
difference	 between	 years.	 Variance	 among	
replicates	was	highest	at	intermediate	BPUE	and	
consequently	lower	within	lakes	with	both	lower	
and	higher	BPUE.	There	was	no	 such	 significant	
density-dependence	 for	 NPUE.	 Replicate	
variation	 for	 BPUE	 increased	 with	 maximum	
depth,	 but	 was	 not	 significantly	 influenced	 by	
lake	area	or	ecoregion,	and	none	of	these	factors	

significantly	 influenced	 replicate	 variation	 for	
NPUE.					

To	 illustrate	 variance	 depending	 on	 fish	 BPUE	
and	NPUE,	 and	how	 sampling	design	 affects	 the	
variance,	 we	 estimated	 the	 total	 variance	 for	 8,	
16,	24,	32,	and	40	gillnets	per	lake,	and	sampling	
for	 1,	 2	 and	 6	 years,	 respectively.	 This	 exercise	
illustrated	 that	 uncertainty	 in	 BPUE	 and	 NPUE	
may	 be	 significantly	 reduced	 by	 sampling	 with	
twice	 the	 currently	 used	 number	 of	 nets	 during	
the	 6-years	 period.	 As	 the	 variation	 between	
years	 was	 much	 lower	 than	 the	 variation	
between	replicates,	there	is	in	statistical	sense	no	
difference	between	using	 twice	as	many	gillnets	
in	 a	 single	 year	 and	 increasing	 the	 sampling	
frequency	 from	 one	 to	 two	 years	 during	 the	 6-
years	period	to	be	assessed.		
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