
TRIbJI7PI RIVEI4 BASIN 
RESOURCE LIBRARY 

MACROImRTEBRATE ABUNDANCE AND DIVl8SITY 
AS INFLUENCED BY SUBSTRATE SIZE I N  

THE TRINITY RIVER 

Gerald L. Roles 

Environmental Spec ia l i s t  I1 

Department of Water Resources 

Northern D i s t r i c t  

January 1980 



II'ITRODUCTION 

Salmonid spawning i n  t h e  T r i n i t y  River i n  Northern Ca l i fo rn ia  

has been se r ious ly  impaired by physica l  a l t e r a t i o n s  of  t h e  h a b i t a t .  Occa- 

s i o n a l  high flows have f lushed g rave l s  from t h e  r i f f l e s  without replacement 

from upstream due t o  blockage by dams, Between f lush ing  flows, decomposed 

g r a n i t e  sediment has accumulated i n  r i f f l e s  and pools,  followed by vegeta- 

t i v e  encroachment o f  t h e  stream channel. These f a c t o r s  have contr ibuted 

t o  t h e  dec l ine  of  t h e  f i s h  resources i n  t h e  T r i n i t y  River. 

Severa l  mi t iga t ion  measures have been employed i n  an e f f o r t  t o  

reverse  t h e  h a b i t a t  degradation. Sediment sources a r e  being i d e n t i f i e d  

and c o r r e c t i v e  measures i n i t i a t e d .  Former pools aze being reexcavated, 

while former r i f f l e s  a r e  being res to red  by removing present  ma te r i a l  and 

restocking with c lean gravels  o f  a s i z e  s u i t a b l e  f o r  salmonid spawning. 

'The e f f e c t s  o f  t h i s  r i f f l e  r e s t o r a t i o n  on t h e  aqua t i c  macroinvertebrate 

cor;ur,~u~ity was exanincd by Boles (1979). The purpose of  t h i s  present  study 

w a s  t o  f u r t h e r  e luc ida te  t h e  r e l a t i o n s h i p  between s u b s t r a t e  s i z e  and mac- 

ro invs r tebra te  densi ty  and d i v e r s i t y  i n  t h e  T r i n i t y  River. 



A res to red  r i f f l e  loca ted  5.0 km ( 3 . 1  m i )  below Lewiston Dam 

on t h e  T r i n i t y  River was chosen a s  t h e  study area .  The replaced g rave l s  
I 

ranged i n  s i z e  from 2.5 t o  10 crn (1 t o  4 i n ) .  On Apri l  17, 1979,; gravels  
I 

were removed t o  a depth of  about 15 cm ( 6  i n )  from an a r e a  of about 21 m 
2 

2 
(225 f t  ) and  replaced. by medium cobbles of  from 15 t o  20 cm ( 6  t o  8 i n )  

diameter. A con t ro l  s i t e  of  s i m i l a r  a e r i a l  ex ten t  and water depth and vel-  

o c i t y  was raked over t o  dislodge any organisms t h a t  may have been present .  

Seven weeks l a t e r ,  on June 5 ,  1979, f i v e  benthic samples were taken from 

each a rea  with a modified Surber sampler, employing s a i l c o t h  s i d e  cur- 

t a i n  extensions and 363-micron mesh ne t t ing .  Addit ional  samples were col- 

l e c t e d  i n  t h e  same manner on August 6 ,  1979, and September 11, 1979. A l l  

samples were preserved i n  a 10 percent  formalin solut ion u n t i l  organisms 

could be i d e n t i f i e d .  Biomass of ind iv idua l '  t a x a  was measured by volume 

displacenent  . ?'he Jaccard coef f i k i e n t  of s i m i l a r i t y  was used t o  compare 

species d i s t r i b u t i o n  between t h e  two sampling a reas  ( ~ l l e n  and Knight 

1?74 1. 



IlESULTS AND DISCUSSION 

Population es t imates  were Lenst accura te  during t h e  ea r ly  smp-  
+ 

l i n g  per iod,  but  improved t o  t o l e r a b l e  limi$s (within 30% - a t  90% C .I. ) 

during t h e  l a t t e r  samplinc per iods   able 1 ) .  This  was l i k e l y  due t o  

h i ~ h l y  clumped d i s t r i b u t i o n s  from l i m i t e d  food sources ( d e t r i t u s )  re-  

s u l t i n g  i n  poor u t i l i z a t i o n  of a v a i l a b l e  h a b i t a t  during t h e  e a r l y  coloni- 

za t ion of t h e  study a r e a s ,  with increased organism dispers ion l a t e r  i n  t h e  

s t u d y  per iod due t o  competition and more uniform food sources ( ~ e r i p h y t o n )  

t h r o u ~ h o u t  the  h n t i  Lat . 
TAELE 1 

ACCURACY ( $  Deviat ion) I N  DESCRIBING THE MEAN 
( 908 C. I .  ) FOR SAMPLES COLLECTED FROM THE TRINITY RIVER 

Sample date:  JlJ.ne 5, 1979 August 6,  1979 September 11, 1979 

small gravels :  44.6 23.2 30.2 

l a r g e  gravels:  53.8 28.6 27.2 

Averege nuabers and biomasses of species  of organisms co l l ec ted  

Corn t h e  a r e a  of  a Surber sampler (0.0929 m;') a r e  shown i n  Tables 2 and 3 

f o r  t h e  l a r g e r  and smaller  g rave l s ,  respect ively .  Nearly t h r e e  times as  

mnrty organisms wcr-c co l l ec ted  i n  t h e  June and August sanlples and over I 
twice as niuny i n  t h e  September samples i n  t h e  l a r g e r  g rave l s  as compared I 
t o  t h e  smal ler  gravels  ( ~ i ~ u r e  1). The biomass o f  organisms was twice 

a s  ~nllch i n  t h e  l a r g e r  gravels  f o r  t h e  June and September per iods ,  and two 

and one-half times as n~uch f o r  t h e  August period.  The di f ferences  f o r  I 
1.01.:1 1. 1111.mbl: r:; 111.1(1 I l i  ot~l:~:::; L ~ c  LWCL'YI L ~ I C  larcer and s~nal.lcr- graveled "Up- I 

The dominant organisms a t  both study a reas  included t h e  may- I 
f l i e s  - Iron and Baet is ,  t h e  cuddisf ly  IIydropsyche, and t h e  d ipterans  

Siml~lium and members of t h e  Chironominae. I ron ,  Simulium, and t h e  Chir- 

ono~ninae exhibi ted  decl ines  i n  populat ion during t h e  progression of t h e  I 
study,  which i s  probably due t o  fall emergence of these  organisms. Bae t i s  

populat ions showed a decl ine  during t h e  middle o f  summer, probably due 

t o  emergence, and an increase  toward t h e  end o f  summer, which is l i k e l y  I 
due t o  progeny of t h e  spr ing hatch becoming l a r g e  enough t o  capture i n  



Figure I 

Colonization trends of 'benthic organisms in 
larger and smaller gravels in the Trinity River. 

Time (Days) 



TABLE 2 

AVERAGE NUMBER AND VOLUME 
OF BENTHIC ORGANISMS FROM A SURBER SAMPLER 

( 0.0929 rn2 ) FROM SMALLER GRAVELS ON THE TRINITY RIVER 

6/5 /79  8/6 /79 9/11/79 
No. Vol. (ml) No. Vol. (ml) No. Vol. (ml) 

Ephemeroptern 
Iron 
Rhithrogena 
Baetis 
Ephernerella levis 
E. heterocaudata 
E. micheneri 
E. proserpina 
Paraleptophlebia 

Plecoptera 
Isoperla bilineata 
Hastzperla 
Amphinemura 

Coleoptera 
Brychius 

Trichoptera 
IIydropsyc he 
Hydropt i la 
Rhiyncophiln 
Brachycentrus americanus 
Amiocentl~us 
Lepidostoma 

Diptera 
Chirononinae 
Calopsectra 
Sinulium 
Arl tocha 
Atherix 
IvIus c i dae 

Mollusca 
Gyraulus deflectus 

Anneli da 
Lumbri cnli dae 
Dina 

Platyhelminthes 
Dugesia 

Arachnida 
Hydracarina 

Nuunber of Or(:twiir,~ns (N) 233.8 09.5 81.4 
Biomass ( m l )  of Or~anisms 0.4 0.2 0.2 
Number of T a m  13 13 ' 21 



TABLE 3 

AVERAGE NUMBER AND VOLUME 
OF BENTHIC ORGANISMS FROM A SURBER SAMPLER 

(0.0929 m2) FROM LARGER GRAVELS OH THE TRINITY RIVER 

6/5/79 - 8/6/79 9/11/79 
No. Vol. (Id) No. Vol. (Id) No. Vol. (ml) 

Ephemeroptera 
Iron 50.4 
Rhithrogena 
Raetis 106. 0 ' 
Ephemerella levis 0.2 
E. heterocaudata 1.0 
E. micheneri 1.4 
E. proserpina 
Paraleptophlebi~ 

Plecoptera 
Isoperla bilineata 1.2 
Ilastaperla 
Amphinenura 

Coleoptera 
Brychius 

Trichoptera 
Hydropsyche 0.8 
Hydroptila 
Rhyacophi 1.a 
Brachycentruc americanus 0.6 
Aniocentrus 0.2 
Lepidostoma 

Dipl.~?r.n 
Chironominae G1.L 
C l f r  1opsectl.a 
Simulium 412.0 
Antocha 0.2 
At-herix 
bluscidae 

Mollusca 
Gyraulus def lectus 

Annelida 
IJunbriculi dae 1.0 
nina 0.2 

Flatyhelminthes 
Dugesia 0.6 

~rachnida 
Hydracarina 

Number of Organisms (N) 637.2 255 0 174.0 
Biomass ( m l )  of Organisms 0.8 0.5 0.4 
Nuzber of Taxa 15 20 19 



t h e  samples. Ilydropsyche genera l ly  increased i n  numbers as  t h e  summer 

progressed, probably due t o  growth and h a b i t a t  se lec t ion  by progehy of 

t h e  spr ing hatch.  Other or[r,anisms commonly col lec ted  from both sampling 

areas  included t h e  s tonef ly  I s o p e r l a  b i l i n e a t a ,  t h e  caddisf ly  Brachycentrus 

americanus, t h e  mollusc Gyraulus de f lec tus ,  and t h e  flatworm Dugesia. Org- 

anisms col lec ted  only from t h e  smaller  gravels  include t h e  mayfly Ephemer- 

e l l a  proserpina ,  t h e  b e e t l e  i3rychius, a d ip teran of t h e  Muscidae family, - 
and t h e  water mite (order  ~ y d r a c a r i n a )  . Organisms co l l ec ted  only from 

t h e  l a r g e r  gravels  include t h e  s t o n e f l y  Hastaperla,  t h e  caddisf ly  Amio- 

cen t rus ,  and members o f  t h e  annel id  family Lumbriculidae. Populations of 

a l l  of t h e  common and most of  t h e  l e s s  common organisms were more abundant 

i n  t h e  l a r g e r  gravels  than i n  t h e  smaller  gravels .  Only a few r a r e  organ- 

isms ( ~ y d r a c a r i n a ,  LCphemerella heterocaudata, - E . micheneri , %. proserpina  , 
Brychius, Antocha, and Muscidae) were more common i n  t h e  smaller g rave l s .  , 

The l e s s  common species  tended t o  have s p e c i f i c  h a b i t a t  prefer-  

ences, r e s u l t i n g  i n  s i g n i f i c a n t  species  d i f ferences  between t h e  two study 

arees .  This was most prevalent  i n  t h e  June and August samples ( ~ a c c a r d  

c o e f f i c i e n t  = 0.65 and 0.52, r e spec t ive ly ) .  By September, though, t h e r e  

WIL:; r r . ~ c u t e r  over.J:q~ 01' ugecics between tllc two a reas  (J.c. = 0.77). 

C'Ii:11i~:cl; 1 1 1  sl~ccies  compositl.on wcro s i ~ n i f i c n n t  from t h e  J u n e  

t o  Aueust sampling periods i n  both t h e  l a r g e r  and smaller  gravel  areas  

(J. C. = 0.42 and 0.63 respec t ive ly ) .  From August t o  September, s i g n i f i -  

cant c h n n ~ e s  i n  t h e  species  composition were s t i l l  occurring i n  t h e  smal ler  

gravels  (J. C. . = 0.142), but only moderate changes were occurring i n  t h e  

l a r g e r  gravels  (J.c. = 0.76). This ind ica tes  t h a t  t h e  macroinvertebrate 

cornunity i n  t h e  l a r g e r  gravels  a r e  more s t a b l e  and not a s  subject  t o  

r a d i c a l  changes i n  species  composition. 



CONCLUSION 

Abundance and types of  aquntic nlacroinvertebrates present  i o  

l a r g e l y  dependent on t h e  nature  of  t h e  subs t ra te .  Complex subs t ra tes  

~ e n e r a l l y  contain t h e  g r e a t e s t  d i v e r s i t y  ( v a r i e t y )  and abundance of  aqua- 

t i c  organisms ( ~ y n e s  1970, Allan 1975).  Subst ra tes  become more complex 

:L:; t h e  maxilnum s i z e  of the  l a r g e s t  s tones  i n  a mixturr. of  subs t ra te  s i z e s  

increases ,  which lends t o  ~ q r e a t e r  h a b i t a t  d i v e r s i t y  (IIynes 1970, Reice 

1 ) .  Ecosystems exhibi t ing  l a c k  of' species d i v e r s i t y  may be unstable  

( c a i r n s  1974 ) . 
The s i z e  d i s t r i b u t i o n  of  t h e  gravels  p resen t ly  being used f o r  

r i f f l e  r e s t o r a t i o n  i n  t h e  T r i n i t y  River does not form very complex sub- 

s t r a t e s .  Habitat  d i v e r s i t y  i s  g r e a t l y  reduced, which r e s u l t s  i n  r e l a -  

t i v e l y  low abundance and d i v e r s i t y  o f  aquat ic  organisms. Such a system 

i s  unstable,  with minor f luc tua t ions  i n  any component of t h e  ecosystem 

result in^ i n  r a d i c a l  changes i n  t h e  b i o t i c  component. Such a system can- 

not provide an adequate o r  r e l i a b l e  source of food organisms f o r  maximum 

f i s h  consumption and survival .  

It i s  recomended t h a t  f u t u r e  r i f f l e  r e s t o r a t i o n  p r o j e c t s  o r  

modificat ions o f  e x i s t i n g  p r o j e c t s  incorporate buf fe r  areas  of  complex 

s u b s t r a t e  composed of gravel  s i z e s  up t o  those  normally found i n  t h e  

T r i n i t y  liiver. Sucll subs t ra tes  should favor d i v e r s i f i c a t i o n  of t h e  nat-  

u r a l  fauna o f  t h e  Tririity River and provide important r ea r ing  a reas  f o r  

juveni le  salmonids. Studies should be i n i t i a t e d  t o  determine t h e  optimum 

mixture of g rave l  s i z e s  necessary t o  produce t h e  most favorable h a b i t a t .  



REFERENCES 

Allan, J. D.. 1975. The Dis t r ibu t iona l  Ecology and Divers i ty  of Benthic 
I n sec t s  i n  Cement Creek, Colorado. Ecol. 56 : 1040-1053. 

Allen, J. T., and A. W. Knight. 1974. The Use of  Benthic Assemblages 
t o  Assess Stream Perturbation Effects :  Data Analysis Methods. 
Tahoe Basin S i l t a t  ion Evaluation Program. 114  p . 

I3oles, G. L. 1979. Macroinvertebrate colonization of Replacement Sub- 
t r a t e  below a k l ~ o l i r n n i a l  Release Reservoir. Dept. of Water Resources 
Report. 46 p. 

Cairns, J.,  Jr. 1974. Indicator  Species vs. t h e  Concept of Community 
S t ruc tu re  as  an Index of Pol lu t ion.  Wat. Res. Bull .  10:338-348. 

I I~nes ,  H. B. N. 1970. The Ecology of Running Waters. Univ. Toronto 
Press ,Toronto .  5 5 5 ~ .  

Reice, S. R .  1974. Environmental Patchiness and t h e  Breakdown of Leaf 
L i t t e r  i n  a Woodland Stream. ~ c o l .  55:1271-1282. 


