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Zooplankton Grazing Activity and Assimilation
in the Presence of Mount St. Helens Ash

Abstract

Exper imenls nere conductcd to dctcrminc thc el fects of  the pr . l icuhLe f ract ion of  ) l r .  Sr .  Helens ash or  ingesr ior  rate.  l i l t ra-
tion rate, and assirrilarion ellicicnc.r ol Diopronus os oall Marsh and l)apnnia paler Levdig. S hen ted Ctptatu'ns t.,ectl\cl
wi th ash,  grazing act iv i ry by both zooplankters,  was not  af lected.  Whcr lcd Crr lo le l lo r iLh smal l  anounts of  ash,  Dophnnt
ingested more algae wbereas DiaptonLus did nor. Ash interfered r;th thc assi ilal io r oJ ca rbor.l,l bt Daplnia irgesring CycLotelLa.

Introduction

The volcanic eruption of Mt. St. Helens on lB
May l9B0 produced tons of ash and debris to be
carried eastward by prevai l ing r inds. More than
30 lakes in the immediate vicinitv of the erup'
t ion sustained altered physical,  chemical, and
biological charactcrist ics bccausc of ash deposi-
t ion (Dion and Embrey l9B0). The ash vas de-
posited in various arnounts over Washington,
Idaho, 0regon, and Montana (Sarna-Wojcicki er
al l9B0), suggesting that surlace waters of the
Pacif ic Northwest wi l l  contain suspendcd ash par-
t icles for many years to come. Seasonai runofl
and sediment mixing are primary factors dctcr-
mining the amount of ash that wi l l  be present
in the $ater column, and part icles less than 20
pm in diameter are l ikely to remain suspended
for long periods.

Frutcher et al (1980) har.e characterized both
the part icul ir le and solublc fract ions of the ash,
uhe rea -  Pe re i ra  p t  o l . l l q92 t  f o , "used  on  o rgan i c
c o n t a m  i n a 0  t s .  O f  c o u r s c ,  f i l t e r - f e e d i n g
zooplankton may be dircct l--r 'affected by the par-
t iculates because of the nature of their feeding
mechanism. Furtherrnore, increases jn the ash-
p h \ l o p l J l | k l u n  r i r l i u  n r . L r  e l t " r  l h .  i n g e : l i r r n  r a l "
through selectivi tv, as rvel l  as the assimilat ion ef-
f icienc"r '  by changilg ph. '-sical and chcmical prop-
ert ios of gut contents. Nlan\ '  inr.est igators have
studied zooplankton preference for both large
cel ls (Burns 1968, 1969a; Hargis 197?; Arnold
l 97 l )  and  sma l l  ce l l s  (Hadas  1982 ,  Bu rns  1969b ,
Vanderploeg 198l) in order to clari f l  the com-
plex patterl  of part iclc size seiccl ion, a pattern
that could be altered in the presence of ash par-
t icles. Although dissolved conlponenls are man1,

virtual ly al l  of the ash is insoluble in \ !ater. In
this studJ ve exarnined the part iculatc f iact ion
of Mourrt St. Hclcns ash for i ts effects on f i l t ra-
t ion rate, ingestion rate, and assimilat ion eff ici-
ency of two f i l ter-feeding zooplankters, Diop-
tomus oshlandi March antl Daphnia pulet Ley dig,
'*hg CyloteLla meneghiniana Kiltz, a 500 4rn'
centr ic diatom, ancl Cryptomonas otata Ehr.,  a
1000 pmr ovoid f lagel late as food sources.

Methods

Mount St. Helens ash, collcctcd lB NIav l9B0 at
Pullman, Washington, was used in experimelts
after l0 g I  '  was al lowed to sctt lc undisturbed
in deionized dist i l led waler at 20oC for ?2 h, The
ash suspension ryas then remored from sett led
material by siphoning and f i l tered through a 0.2
pm - 24 mm membrane. The ash/f i i ter cake was
washed copiouslv $ith dist i l led $ater and con-
centratcd by back{lushing the ash with slnthetic
m .d ium (R" . .  l aTQ) .  {  r nean  co r r - cn t r r l i un  has
deterrnined bt vacuum drying f ive l-ml samples
at 65oC for threc h thcn weighing. The concen-
trated suspension ( - 1.9 mg ml ')  was stored at
5oC in the dark for approximately one week
before using.

CycloteLLa meneghiniona Kti tz (clone CyOH2
ohtained fronr S.S. Ki lham) anc) Cryptomonas
ooclo Ehr. (Texas Culture Collect ion UTIJX #358)
were maintained in Rees's medium at 20oC rvith
a  pho tope r i od  o f  l 5L :9D  unde r  0 .35  l v  h - '
of cool white f luorcscent l ight. Algal cel l  cul-
tures $ere accl imatized to the appropriate l ight
temperature coDdil ions for 24 h prior to erperi-
nlcnts.
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Daphnia pulex I'eyrlig and Di4ttomas ashkndi

Marsh rvere col lccted from Rock Lake, Washing-

ton, and naintaincd irr Rees's nrediurn ir t  l ' loC

u i t h  a  l i g l r r  f l u , ,  r , l  0 . , 0  I '  h ' . . { l l  e r p . r i m , r r t .

concerning the ash-zooplankton intcraction r!erc

carried out under 0.?0 11 h '  at B',  l ' io, and 20o

C unless noted overt ise. Experimental animals

r . ' r '  a c c l i n r . r t i z o J  l n  l h " i f  r e . p " ,  l i \ .  t c ' l

tempcratures for l , l  dars to al lo$ stabi l izat ion of

metabolic act ivi t l  (Hargis I97?). CycLotelLa t;as

supplied ucekly as a pri tnarl  food source, but bac'

teria and othcr algal contaminants l ikelv were also

present. N{ale and linrale (grarid or non'gavid) ani-

m . r l s  s ' r '  . '  l '  r - t e r t  a r  r r nJ . rn  f o r  r l l  , ' r l , . r i n r . n t .

Algal cel ls vere labeled radioactivel,v b;- add-

ing 50 rni of I  pCi ml- '  ' 'C-NaHCO3 to 100 ml

o f  cu l t u re .  The  cu l t u res  r re re  p l acec l  unde r  con -

t inuous 1.,10 ly h '  i l lumination for 48 h at 20oC,

thcn harvested by centr i fugal ion, washed three

times, and resuspcldcd in Recs's medium The

ce l l s  r l e re  i ncuba ted  ove rn igh t  a t  t he  t es t

temperalures prior to erperiments. Tripl icate

20-ml -.amplcs were f i l teret l ,  digcsted, and

counted to detcrrnine rnean specif ic act ivi t l .

1-or f)ioptonus or Duphnia, the effects of par-

t iculate ash on ingcstion rate, f i l t rat ion rato, and

assini lat ion rale were testL'd using lour concen-

irat ions of ash (0, 10, 50, and 250 rng 1- ')  mired

with labeled unialgal su-spcnsions of Cnplomonas

or CyclotelLa. ' Ihe four grazirtg experimcnts (2

zoop lank ton  spec ies  x  2  phy top lank ton  spec i cs )

$cre repl icatcd six t inres. The procedure involved

p lacemen t  o l  20  d iap tom i t l s  o r  10  daphn ids  i n

125'ml Erlenrne,ver f lasks containing 25 rnl Rces's

medium fo. 15 h prior to experiments No food

was pror. ided during this period. Then 20 ml ol

thc labeled algal suspension rere addcd lhi le

simultancousl- l  adrl ing concentraled ash. Rt 'cs's

medium also uas added to bring the f inal volume

to 60 nrl .  Each repl icate consisted of l2 f lasks
(4 ash concentral ioirs \  3 tcmperatures)

The feeding t imes i l  labeled'cel l  suspensions

werc cri t ical. ' Icst periods should be shorter than

the t inl( j  to f irst cgcstion of labeled ccl ls
(Richman 1966, Schindlcr 1968, and Kibby l9?1).

Hargis (1977) pror. iderJ a t i lne-course siud] lor

Diaplornus aslLLondi sho\r i  g 30 min lo f irst egcs-

t ion. In our- erperimenls, the anrmil ls $ere

allcrved to feed for l0 rrrin as suggested b,-r Krylov
(l98l).  0ne hal l  of the number of animals pres-

ent in cach f la-.k ras then removed hl pipctte

and f i l teret l  orto CFiC glass f iber f i l tcrs. Each

fi l ter was placed in a scint i l lat ion vial to which

I ml of t issue solubl izer was imnrediateh added.

After 24 h digestion, the samplcs were countcd

to estimatc ingestion. The remaining animals

$ere plarcd into unlalreled cel l  suspensions o[

the sanre concenlrat ion. After feeding for 5 h,

thev were rcnroved b-v l i l ter ing rr i th Nitex mesh,

digestcd, and counted. Thc assimilat iort eff i '

c iency was estirnated bv caltulat ing the rat io of

anirnal radioactivi t l  aftcr 5 h of gut clearance

to the total radioactivi ty ingested i I  l0 min.

F i l t r . r t i o r r  r a t ' -  s r r e  e s l i m r l r " l  1 ' r  t l r  ,  q u u t i n n :

d p m  m g '  6 0  r n i n  h '
ETt __ ,

d p t n  m l  I  n l l n

whc re  FR  i s  f i l t r a t i on  ra l e  ( r r r l  mg 'h ' )  and  T

is duration of the labelcd leeding pcriod. The in-

gestion rate (ccl ls mg '  h- ')  is the product of food

density (cel ls ml ' )  and FR. Food density (cel ls

nl 'determirted by avcraging 10 haemocltometcr

counts) was kept between 25,000-500,000 lhich

i -  r epo r t ' d  l L '  p ro r l uce  r  con . l an l  i ng r - - l i on  ra t '

(Richman 1966). Livc and dead ani al controls

for self-absorption of radioactivi t ;-  !rere con-

sidered to bc insignif icanl as reported in siori lar

feedirg experimcnts (Richman 1966).

Results and Discussion

Ash Character zat on

The composit ion of ash used in experintents and

characterizcd by x'ra,v fract ionization (Ceologl

Dcpartment, Washington State Univelsity) was

S i0 ' - 67 .0 ,  A l .O . - l ? .1 ,  T i0 ' 'O .6 ,  Fe ,O . ' 1 .9 ,

FcO-2 .1 ,  MnO-0 .1 ,  CaO 4 .3 ,  MgO '1 .6 ,  K , : 0 - l  6 ,

Na,0 3.6, P:0r0.2 pcrcent. Sett l i r lg reduced thc

suspended part iculate fract ion to approximatelY

30 mg l- ' ,96 percent of the part iclcs rvith volumcs

less than 9pm. Microscopic examinal ion of ater

sarrrples from earb,t lakes rerealed thc presence

of many part icles larger than those left  in labo-

ratorl  suspensions, suggesting that re-suspenslon

caused br: wind and currents is comrnon.

Graz ng by Zoop ankton
'1 'ablc 

I  presents mean f i l t rat ion, ingestion, and

assimilat ion rates oler al l  treatments (ash levcl,

l c D r f c r a l u r '  ) l o r . a , " h  r ,  p l i r a r .  h \  '  \  l ,  ' '  r  i  |  |  |  e  I  I  |  .

Although chemical artd phvsical condit ions wcre

virtual ly conslant among repl icates, variabi l i ty

within experiments st i l l  was very high. Clearly,
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TABLE l .  Mean r i l t fat io i  (ml  s 
'  h ' ) ,  inselr io i  (105 celk

dg '  h- ' ) ,  and a$in i lat ioD percentage lbr  each
repl icate.

Repl ica te

3 , 1

TABLE 3.  Analysis of  var iance (F ra lues) for  ieeding ex '
pe.imenrs: Fl riaprDr,es Cryronrorc (See Table
4), F2 Daphnia Crypknonas, c3 Diaptomus
ClLloteLla (see latrle s), :1 Dnphnh q.t:loklk'
(see Table 6) .  Error  tern has s6 desrees of
i reedorn,E r p e r i m e n t

Fi l t rat ion 17.6 l8. l  6.2
Ingest ion 5.4 5.6 2.4
Eff ic iencv 20.1 28.8 27.1

d . f . t 2 3
5.1 5.2 2.9
2.2 2.0 Ll

36.2 30..1 53.0

6.4 5.6
64.8 56.6
20.s 2i.6

.2 .:l

38.1 30.2

Fi l t rar ion 1:J.1 12-3
Ingcst ion 9.8 8.9
Efficicncv 63.0 in.4

. ;  13.3 1,1.9

.2 6.P, i .6
79.3 31.,1 31.9

Filtraln t ar lngenion

rsh (A)
Tempe.r tufe (T)

Ash (.{)
Temperature (T)
r \ r T

1.34 3..19*
2.91 1.28.
1.03 r.2,r

.93 3.46*
3 .18 .  . ?0
1.83 .?3

3 2.62 .11
2 .71 . i3
6 .19 .611 .0

6 l . 9 3  . 32  t . t g
2  1 .69  . 51
6 .?6 .69

r0.5 9.0
,1.6 3.9

51.0 55.5

I

I

a

I i l t rat ion

EtTic ien.v

CrcLotPlLl
Fi l t ra l ion
Ingest ion
Efficiencr

33.7 60.6
1520.0 27,1.0.0

29.r 26.2

l0.fr I L.l
,t1..1 ,1.1.5

21.5 2S.3

1.3 1.6
6t.8 66.0
,t4.3 30.7

condit ion of thc algal fbod, as well  as irnimal agc
and size, nray affect grazing activi ty. For exam-
ple, daphnids feeding on cryptomonads in
repl icates 3 and 4 r!ere rnuch smaller than those
uti l ized in othcr rcpl icatcs (Tablc 2), and there
are substantial dif ferences in f i l t rat ion and inges-
t ion rates. Thcsc rcsults arc contrary lo those

TABLE 2. NIean anin,al dri  $eisht (fs) b! feeding erperi
mcnt  lo r  ca(  h  rcp l i fa tc .

1.1.0 3.I 6.r
t950.0 10.9 94.0

1.1.0 3.1 5.2
t;.5 2,1.1 5.0

* P < . 0 5

pcriment, only onc l ight f lux (0.70 ly h ')  rvas uscd
at each of the three experimental temperatures.
Conscqucntly, 56 dcgrces of frccdom \r 'ere
available for the error terrn in analysis of variance
(ANOVA) tests of signif icance.

Diaptomus Cryptomonas (Experiment t 1)

Since food concentrat ion was the sarne for al l
l r l . a lm ' . n l .  r ' i t h i r r  l . a ,  h  r cp l i ,  a r c .  i ngc . l i un  r r l p
is alwals a constant t imes f i l t rat ion rate and
ANOVA rcsults arc thc samc for both. No con-
sistent effect of part iculate ash rvas detected for
f i l t rat ion/ingestion nor rvas a signif iciant effect
found for assimilat ion (Table 3) There is the sug'
gestion of a temperature effect on f i l t rat ioni in-
gestion (Table 4), perhaps highest at l4oC
(P - .06) .

TABLE 4. Relatire filtrarion, ingestion. and assimilation of
Cryt tonnnns b. \  Du+nnus in the pr .senc.  o l
part iculate ash Qneans for  s i r  repl icates).

E r p e c r n r e r  t

Rep l ica te

1,2 3,,1 5,6

Di ap r ont us C ryptomo aas
Dapltnia Cryptononas
Diaphnus CrtloklLa
Daphnia Cyclotella

o f  Bu rn .  { l 9nB .  l ohgh ) .  A l . o .  r he .ma l l  cop .pnds  : : l ' r d  
141

u : ' d  t u  t p i t  l i r  e f i p r t .  u l  p r r l i r u l r l p  a .h  ! t h .n  r , " , -  i " "
fed CycloteLln were considerablv more active than
thc largcr animals uscd in repl icates I ald 2
(Tablc l) .  N{can

fc)
Panicu la te  Lere l  Qng I  

' )

0 l0 50 2s0

g  1 .02  . ; 8  1 .15  . ?8
14  l . l 9  1 .33  | . 22  . 98
20 1.00 .89 .91 .90

r.50 .9r .90
.77 .93 r.09
.88 .Bl .93

l 4
20

.93 1 . 0 9

Replicate variabi l i ty 1!as remored by making
all  observations lor a given repl icaic rclat ive to
the mean for that repl icate. The subsequent
analyses of variance are summarized in Tabic 3.
Although there l 'ere six repl icates for each ex-

t. . l ;
L l i
.70

1 .09 r.05
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D aphrtia C ryp to no nos (E xp e rint e n t i2)

No evidcnce for an effecl of ash on crvptomonad

g ruz ing  h1  Do1 'hn in  va .  l ou r r , l  . r nJ  n "n '  i s  suP-

ported by ANOVA (Table 3). Apparentl ,v the

prescnce of ash did not inf luence the lceding

beha,tior of Daphnta.

D iap lo nu s - Cyt Lo t elkt (Erp e r ime nt i3)

Tenperalure apparentl l  affected assimilat ion

rate, $ith hi€lhest values ir t  l4oC (Tablcs 3 and

5). There was also the suggestiorl  of a tem-

perature elfect on [ l ] trat icrr irrgestiotr,  but as !! i th

experiment 2, ash part icles did not alter grazrng

acl lvrtv.

TABLE 5. Relari ! .  r i l t tar ion, ingestion, and rssinri lat ion rn
cfcbtcLhb,\ I) i .qtontus in rhe prcsen.e ol par
t i cuh l .  ash  (n rcdns  fo .  s i \  rep l i ca tes ] .

fc)
l 'ar t icularc I -evel  (ms 1 ' )

0 10 50 250

Fi l t ra t ion

N{ ia r

. i i
1 . {19
.92

1 . l 9

L  l 0  t . l 3
l . 0 l  1 .89

. 6 I  . t ' 4

. 91

D ap hnia" Cyt lo tella (E xp e rin e nt i4)

F i l t r a r i on / i ngcs t i o t r  was  a f f ec ted  b1  bo th

temperaturc and bJ ash (Tables 3 and 6). The

highest rates occurred at 20o C and at in-

termediate dsh concentrat ion. Assirni lat ion, on

the other hand, was only affected b-v the prescnce

of ash. Here thc ash part icles apparentlY rn-

terfered $ i th assimilat ion in that the rate at thc

highest ash lcvel rvas reduccd to approxrmatelY

half of lhat measured when no ash l las present

(Table 6).
Two addit ional experimcntsi in tr ipl icate,

were run at l4oC using Dcplrnia in an effort to

support these results; one experiment involved

Crlptomonas a the other experinlenl involvcd

CyclotelLa. Ash levcls used were as before. This

t ime, at one temperature, assimilat ion of both

Cryptomonos a:r,d Cyclote[la was adversely

affccted by the ash (Table ?).

TiB l -E  6 .  Rc la t i le  f i l r ra t ion ,  inges t io ! ,  a .d  ass imj la t ion  01

Cyclorcllo by Daptnia iD lle prestrce of par

t i cu la te  ash  (mer rs  fo r  s ix  r .p l i ca tes l

Ten,peraru . f  Pr . l ; c !1are  Lc \e l  ( rDg I  ' )

fc) 0 l0 s0 2s0

l . l 1

.69

.93

.93

.85

8 .8u
14 .b.r
20 .9:l

'82

l . l 5  . 97
.90 .9i

1.28 1.12

Ilear

. 61

.1 t-

.82

.73

{l 1.32 l .3l 1.23
r,r 1.44 .93 .65
20 |.26 .90 .78

1.05

TABLE ?.  Relar ive f i l l rat ion,  i I lgest io! ,  and assimi lat ion bv

Daphnia ar l4"C

Par t i .u la re  I -e !e l  (mg I  ' )

0 t0 50 2;0
t] 1.38 ), .22 1.62 .63

1,1 .?1 .69 .88 . i6
20 .76 .95 1.21 Ll4

.{}7
1 .12
.95

.98

8
l 1
20

Fil trat ion of lngestior

qcbkuo
Fi l ta t ion  or  Inges t ion

1.00 1.23
r.04 .59

1.05 .81
.80 .94

.71
1.29

1.04
l .  t 8

There is a wealth oI l i terature deal ing with

f i l trat ion and associated assimilat ion by micro-

crustaceans feeding on phytoplankton in the

absence of inert part icles (Wetzel l9B3). In

general i  our values fal l  within the range of

reported results, although some extremely high

rates of f i l t rat ion were observed ft tr  Daphnia

feeding on Cyclotel la (Tah\e l)  Closcrtoourob-
ject ives, Edmondson (1984) revicwed broadly the

many possible effects of volcanic ash in lakes,

hence a length,l  discttssion here would be redun-

dant. He does point out, however, that somc

species of Daphnia arc able to ) ive Ibr long

periods in ponds made turbid by si l t  and clay.

Furthermore, crustaceans and rot i fers in Soap

Lake and Lake Lenore, Washington, carr icd on

with their normal seasonal changes fol lowing

heavy ash fal l  ( l idmondson and Lit t  t9B4). I t  is

no t  su rp r i - i ng .  t he rc l r ' rP .  l h r l  g raz ing  l n  ou r

1.06
r.0s

1 . 1  I
1.00
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I

stl:cly by Diaptomus antl Daphnia on Cryp
tomonas was not altered signif icantly by the
presence of part iculate ash, a conclusion that ap-
plies equally to ridptornus feeding on CyclotelLa.

Mechanisms rcsponsible for these l imited ef-
fects have not been identi f icd, although ash par-
t icles ingested with phvtoplankton probablv
would reduce assimilat ion bv l imit ing the amount
of digestible algal material in contact rvi th the
gut wall .  Further speculat ion suggests that in,
termediate ash concentrat ions might increasc
fi l trat ion in response to nretabol ic demand,

rvhereas very large conccntrat ions might cause
Daphnia to avoid these foreign particles, thcreby
o re r r i d i ng  dcmand .
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