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Overview of the Limnology of Crater Lake

Abstract
Cralcr L.tke occupic\ lhe collrts!'d caldeft of r'olcanic Nlouni lllalalnr in Cfatcr I-rke \ational prrk. Ofegon. Il is the deepcsl
lxkc i589 lnl in the Ljnllcd Strle'i and thc 7th deep.st lrke ir the rorld. The !1 ater colunn mixes to a depih of abour 200 ; jn
$ rrler and \prmg fr oJn rind enefg) and coolirg. The dccp l.rke i\ mi\.d in \iintef rnd carl,,- spfing each ) e.rr lvhen rctrli!eh cotd
\rrrer ncar lhc surfirce siiks trnd e\changcs positl(nrs $irh \-rtter in thc dc.p brLsins oi lhc take. the tale beco'nes thcnna \
s imt i f ied in \unmef rnd crr l )  I i r l1 .  Th€ lncl r l innion exrc.d!  lo . r  deprh ol  about 100 n] :  thus ln i , \ r  of  r t ru \ \  Jrer . :o lurrn A u uul ;
h l  pol inrnion.  Secchi  d isk c lat \  mersurcD)cnts r \ f ical l !  r rc in the uppcr l0 n r rnge to lhe l$ i - - :0 m ruge in \ummcr rnLl  er f l )
fx ]L,conccnt |a l ionsofLl l r ients l |e]o$. l ] lhoU3hcondUctni t ! is |e]a1i !c] } l igho$jng|0theinf |o\r |hyf0 iherf ]a]1]Ukis 'ToI ; l
chloroph)ll is lo]|' jn corcentr.rtion. bul l\pic.rll! a\im.rl .rt .r deprlr 01 120 m dun g periods ofrhcrmLrl strariticadon. primar!
producli|)n aho is lo$, \\ith the ma\irnuln le\els occLrrrin! bet$'ecn rhc depth of ,10 .rnd 80 nl. phyloplankron ra\.r are splria !
segrcgrLed liom each olhcr $ ithin thc $rler colulnn !o r depth of 200 m in sumnrer a.d curl) frll. thc s.rne Senerali/arion appties
to thc /ooPLrnkton ta\a. $'atef lelel. clarit,"'- concenlrations of rotai chlorophyll. primrr) production. amt atrunaanccs oi zoo
planktoandiNroducedko|aneesl ln lo.c\h iL] i t longtcrmJ.] t lc t t l . l t ions 'B
hke is  con\ idcrcd to be pr in i rc.  except for  lhc con\equenccs 01 t ish i r r roducl ions.

Tr\UI-Fl I Nloffhonrchic chaf.rcreri!lics olCrarer I.ake.

Morph0logical Arlribute

Introduction

Crater Lake is located in Crater Lahc Nrtional
Palk it the southern Cascade Moultlains of Or
egon. USA. It is thc cleepest lake in the Unitcd
States and the 7th decpesr lake in the u'orld
(Hutchinson 19571. The lake basin (caldertl) \\ 'as
tonncd by catastrophic collapsc of the sides of
Mount Mazama lbllo*'ing a violenl cmption about
6.800 vears a-{:o (Bacon ancl Lanpherc 1990). The
present caldera hrs steep rvalls and is bctween 8
and 10 km it diamcter. The lakc occupies 78clr
ofits ou,n drainage basin. Crater-Lalie is the deepest
caldcra lake in thc uorld, as uell as one of the
highest in elevation and largest in surtlce area
(Larson 1989; Table I ). No surlace outlet exists.
but over:+0 pcrmiinent and cphemelal inlct streuns
drain into the lakc.

The objectivc olthis papcr is to snnntarize the
general lirrnological characteristics of the pelagic
zone of Cnter Lake, based on unpublished srudies
conducted bet*een 1983 and 1992 (I-u-son et a].
l993) or as otherrvisc cited. Copies ofunpublishcd
rcpolls mry be obtained fft)m the author Measure
ments occurcd primalilv in the deepcst brsin of
thc lake at a sitc dcsignared as Starion 13 (Fig. l l .

Lake Characteristics

LAKC LCVE

Lake lcvel has exhibited considcrable long lcrnr
\,ariation since rhe lale l lJ90's. Fronr l9l0 to l9:12

the lake dropped about.l m in elcvatiol. but re-
tumed to the 1910 level bv the late 1950's. The
lake fluctuated by I m above and belo$'thc bench
miuk levcl of 1882 m tiom 1958 to 198-5. Be-
twccn 1986 and 199.1. the lcvel dropped ro abour
3.5 n below the long-tcrm bench mark ele!ation.

Water Temperature

Thc surface ol Crater Lake selclom freczes over,
orvi|rg 1() the heat content ofthe ntassive lake vol
ume;nd wind mixing. The only known occurences
oficc and snow cover occurred in 19,18 and 1985.
In 1986 thc lake u'as nearly colcred by icc at
r,arious times in Jtrnuary and March.

In wintcr and spring the u'ater mass in Crater
Lakc circulates to a depth of between 200 and
250 m bv u'ird action and cooling. The dcep lrke
is mixed in rvinter and etuJl sprilg each year whcn
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I-'igurc L Crid s] steln of Cratef Lake station\ cslablishod b,,- Hoffrran ( I 969). The main monitoring station ( 1 I ) is 5 89 n1 dcep.

relatively cold water near thc surface sinks and
exchangcs positions with $'ater in the deep basins
of the lake (McManus ct al. 1993). Inlate spdng
or early summcr the temperature of the lake llear
the surface incleases and a thcrmocline torms
between July and September. The depth of the
epiJimnion is between 5 m and 20 m and is usu
ll11 ,Jeepest in lull becausc of coolcr r ir rempera-
tures and an increase in mixing generated by
storms. Maxinrum near-surtace tenperatures
Ianged from 14.6 to 19.2'C from June or carly
July to mid-September l iom l982 through 1990
(Larson, et al.. in press). The metalinrnion ex-
teDds to a depth of about I 00 rn: thus. most of the
water volume is a cold hypolimnion. Annually

\\,ate[ temperatures do not vary by more than I oC

below a depth of 100 m. The temperature at the
bottom of the watercolumn is about 3.5'C (Larson
el al.. In pressJ.

Water Chemistry

The average pH of the entire water column ofCra
ter lake is 7.5.Average near-surface pH ranges fiom
about 7.6 to 7.7, whereas the pH decreases wlth
increased lake depth and is about 7.3 at a dcpth of
550 m. The average total alkalinity and specific
conductance are 27 mg/l and l[5 Umnos/cm. rc-
spcctively. Both variables increase slightly with
in(rearinF lrke Llepth. The l\cmgr concentrulion
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\irralc N (!g/1)

Ammorir N (!S/l)

Kteldahl  N (LLg/ l )

Othophosphatc P (!g/l)

Tot,tl phosphorus (pg/l)

10.6t 6.98

2.3.1 ).11

11 .55  1 ,1 .08

13.88 t3.21

29.59 29.09

of dissolvcd oxyget is relatively uniform in the
water column in spring. but decreases to about
907. saturation rt 550 n during the period ofther-
rn l l  . t ru t i l i c : r t  ion .  N i r ra le -n i t rogcn.  lmmoni l  n i .
trogen. Kjeldahl-nitrogen. total phosphorus and
ofihophosphate phosphorus occur in iow concen
tratrons (Table 2). Nitrate-nitrogen is virtually
undetectable in the upper 200 n ofthe water col-
umn; however. the concentration increases to
maxlmurn with increased dcpth. Kieldahl-nitro-
gcn  rn . l  ummonia-n i t r , 'gen  decrc rsc  in  cnncen
tration with increased lake depth, whereas ortho-
phosphate-phosphorus increases. Total phosphorus
is nearly unifornr in concentation throughout the
water colunn (Larson et al.. in press).

TABLE 2. N{e.rn conccntrdions of selected chcnical vafi-
rbles for all samplcs obtamed from rhc indicrred
dcplh inter\,rls in Cratcr Lake. 1982-1990.

DepttrhreryallLetefs)
0 200 100 550 0 550

0 .6 l

2.55

r8 .52

1 2 . 1 1

18.21

Secch D sk  C lar i t y  and Depth  o f  1  Per
Cent  Inc  dent  L  gh t

During the period tiom l982to 1992. waterclar-
ity measurements obtained with a Secchi disk
generally fluctutrted between readings in the up-
per-20 n range to the low-30-m range from June
to Septcmber The deepest reading recordcd since
1969 was .10.8 m in August 199,1; the shallou'est
August reading of 22.9 occuned in 199 | (Larson
ct al.. in press). Sccchi disk clarity was shallow
in late winter and early spring, apparcntly in re
lation to input of particJes l iom avalanches and
snow-melt. Clarity typically incrcased in June and
early July. and then declined in Augusr when rhe
Iake was therrnally stratified and then incrcased
in 1a11: in some years rcduced clarity in fall has
been associated with slonns (Larson et al., in press).

The depth of 1 pcr cent of the incident sun
light penetrating the surlace ofthe lakc, measured
by a photometer with a white filtet illustrates the
grcat clarity of the lake. In July the I per cent

depth ranged between 90.3 and 99.5 m between
1986 and 1989. whereas inAugust, rhe I per cent
depth ranged between 86.1 and 103.,1m(Larson
et ar., ln press).

Phytop ankton

During the period fronr 1983 to 1990, a total of
157 phytoplankton taxa were identit ied, includ-
ing 55 diatoms,53 chrysophytes, I xanrhophyte,
2l chlorophytes, l2 dinot' lagellates. 6 crypto
monads, 7 cyanobacteria, and 2 unknown taxa.
In winter the flora was uniformly distributed to
the depth of nrixing . Steplutnocliscus huntlchii,
Ankistrodesmus spiralls, and a small unidentitred
chrysophyte were the doninate taxa during this
period of the year During thc period of thermal
stratification, phytoplankton are spatially segre
gated within the water column to a dcpth of 200
m. Nita.schie grzcllis u'as the dominant taxa in
lhc upper 40 m of the water column. An&i-rtrude.r-
mus spira[is. Dinobryon sertulariu, Tribonena
sp.. Rhodamon(ts lacustis and Gymnodinium
irrer.flllr were the dominant taxa from 60 to 100
n. From 120 to 200 m the dominant taxa were
the same as during winter (Mclntire et al.. in press).

Concentrationsof totalchlorophyll were maxi-
mum usually at 120 m during periods of thermal
stratificalion tiom 198,1 to 1990. Peak concen-
trations of total chlorophyll wefe always less than
2 pg/l however Total chlorophylJ integrated b a
depth of200 m exhibited cyclic changes between
1979 k) 1990. For example, peak concentmtions
in Au-qust occuned in I980 ( 120 mg/mr) and 1986
and 1987 (l00 mg/nr']). Primary pnrducrion was
low between 1986 and 1990. using the carbon-
i - l  as r i rn i l . . r t ion  mcthoL l .  M l \ imurn  pr imr r l  p ro
duction occuned between 40 and 80 m during
pedods ofthermal stratification from 1986 b 1990,
although relatively high production values occa
sionally were obsened in near surface samples
(Mclntire et al.. in press). Primary production in
August exhibited a similar cyclic partem as did
total chlorophyll. Between 1980 and 1990, peak
assimilations in August integrated to a depth of
180 n occuncd in 1980 (30 mg C/mr/hr) and 1987
(58 mg C/mr,4rr).

Zooplan kton

During the period from I985 to 1990, two crus-
tacean taxa and ll rotifer laxa were collected in
Crater Lake (Table 3). In winter. most ofthe taxa

Orer r ieu  o t  rhe  L i rnn , '1 , 'g1  o fCrarc rLuke l l



Cladocera

Rotilefr

were distdbuted from the lake surface to the depth
of mixing (200 250 m). During pcriods of ther-
mal stratification the taxa were spatially segre
gated within the u'ater column. Poltartltra w.rs
the dominant taron in thc upper:10 m ofthe lake.
bul i1 occurred in low density. Bet$,een rl0 m and
80 the donrinant tax twere Bosnina. Polyorthtt.
Kellicottitt utd Asplondltw. Frorr lJO to 120 m
the dominant taxa were Duphnia. Keratella,
Slnchaeta, Filinia anci Poh arllrc. The dominant
taxa from 120 to 200 rr"i \\ere PhilodinLt.
Cottochilus. Karate[1rr and Collorleca (Llrson et
al.. in prcss).

Some ltrxa wcfg not present ever:v )ear from
1985 to 1990. P/rilodird was present betweeo 1985
and 1988. Cono<:hilus was present in 1985, rnd
Asp[tutt: ltrn was present in 1990. l)rrpfti i ir l  rvas

TABLF 3. Zooplankton species found in sampl.s iiorn Clra
rer  Lake.  1985 1990.

PhI luJn  o f

Oder

lcclcd from the lake between 1986 and 199;1.
Kokanee salmon rvere cyclic in abundance. Rain-
bo\ trout i lppenred to be less cyclic in abuncluce
than were kokancc salmon.

Kokanee salmon prinaril l  l ivc in the pelagic
zone of the lakc lrom the sudace to a deplh of
about 100 m. They prey on srrrll emerging benthic
macroinvertebrate pupae ald larvac and tenes
trial insects landing on the lake suface. Thcv also
prel' on Dophtrio. Rainbow trout l ive in the
nearshore arca of the lake. The-v prel' on largc
bocliccl terrestlial insects from the lakc surtiice
and bentlic n]rcroinvcrtebrates. Rainbo* trout
also prey on kokanee salmon.

Discussion

Crater Lakc is a ciynamic and complex s!slcm as
illustrated by long temr fluctuations of $,rter Ieve I,
cl;uity. chlolophyll. primary production, zooplank-
ton and kokanee salmon. and thc spatial segrega
tion ol thc water column by phytoplankLon and
zooplankton. Long-term changes in lake level
rcsults lrom shifts in the water budgct. Changes
in the amolrnt of chlorophlll and prinary pro
J l r ( l i , ,n  r f le r f  t , '  he  re l l ted  lo  deep $r rc r  mi \ -
ing ofthe water column during winter and spring.
This upwcll in-q phenomenon moves nutricnt-rich
waters in the deep lakc to the upper 200 to 250 m
of the water colunm (McManus ct al. 1993). Daph
rla abundances appear l inked with periods of in-
creasedprinaryploductivitl: however. predation
b.v kokancc salmon probably impacts their abun-
dance and may be the reason for its recluced abun
dance in  l , )90  rn , l  d i . r l feur . 'nce  in  quanr i ta t i re
s rmples  by  1993.

Chemical ard physical propefties of Crater Lake
that arc nrost consistent with typical oligotrophic
characteristics of lakcs include high transparency.
an ofthograde nitr-ate-N depth prolile. and lo\\'
concenl.atious of nitrate-N in the epil irnnion.
Specil'ic conductance in Cnter Lake often excccds
those of eutrophic. mcsotrophic and oligotropltic
lakes in the Cascade Mountains ofOrcgon (Table
,+). Thc rclatively high conductivit ies of Crater
Lake and the other two calclcra lakes included in
lub lc . l  (L r . t  L r r le  . rn , l  P : ru l in r  L rke  r  r re  l ' . , ' c i -
rted $'ith inputs fron hydrothcrnral f luids. In
cornpanson to ll're lan_qc ofconductivities ofcaldera
lakcs worldwide, however. the conductivit ies of
caldcra lakes in Oregon are low (Larson 1989).
Furthermore, the rclatively high concentrations

Duph i t io  pu l i td r td  i  For l )s ) t t t  e t l l .H f i& .k )
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Col I.tl tt cL1 te ldgk u I Ra u\ \ ( | | r )

not present l1l quantilalivc subsamples in 19E5.
and was in lorv densitl ir 1986. The population
reached its maximum abundance it 1988, declined
to low density by 1990, and u'as absent in 1993
(Robcrt Truitt. personal commulication).

F  s h

Crater Lake rvas naturallv barrcn ol fish. Several
salmonid spccics were introduced into the lake
between 1888 and 1941. Kokanee salmolr and
rainbow trout were the only specics of f ish col-

l l Larst,rt



TABLE ,1. Concentr.rtions ofselected chemicalvariables in nater samplcs l;om near surface waters ofeutrophic (ti). mcsolrophic
(M), and oligotrophic (O) lakes in the Cascade N4ountains of Orcgon. Data lbr the State of Oregon were obiaincd
i iorr  Johnson c la l .  (1985).

Elevat ion

0n)
Depth

('n)
T Phos
(pg/ l )

AlkaLmil) Cond
(mgn) ($nhos/cnt pH

Diannnrd
Sutt le
East
G0ld
Nlarion
Odel l
Pauha
Blg
Blue
Brei ienbush
Cbaflron
Crescent
Deer
D e \ i l s
Doris
Haricllc
l -ost

Olal l ie
Summit

Crater
Cralcr

1579 .8
1011.9
l9. l  L6
l,16l.0
1258.8
1,t59.1
t929.1
1,115.5
1052.5
l616.,l
173,1.9
1111.9
1.192.3
1658 .1
t 6 l u . 5
2057..1
958.0
150.1.5
1692.6
r650.2
l88l. , l
1882.,1

1300.7
101.1
:111.5
38 .9

105 .6
1,1,19.6
6 r9 .6
16.9
2 1  9
26.3
63 .1

r8.10.2
l l . 0
9 .3

21.9
16.2
9 3 5
76  I

195 .1
28,tE.8
5317 . ,1
5317  , l

l 5
l 5

103
t6
t 8
l : l

3,10

< l
2

1 1
3

l 0

2

< l
< l
:10

26 30

)9
50

3 1 0
33
37
32

560
.t

5{)
6
6

26
1 2
25
1
3

12.
3
6
l

108
80 121

E
E
\f
\{
\,1
\,1
\I

o
o
o
o
o
o
o

o
o
o
o
o

l5. i l
22.9
5,1.9
l3 .  t
56.1
86.0
16.2
23.5
95.7
1 .6

29.0
80.8
1.9
3 .0

29.0
21.1
5 l . l
1 l . l
19.2

128.0
589.0
589.0

9.5 6l
8.,1 21
7 .9  t 6
1.3 11
8 .8  l 3
9.3 28
E.3 ,15
'7.2 )
6.9 )9
1.6
6 .8  I
1.6 6)
6 . 5  t l

1)
3

6 .6  6
8

6 .1  9
6 .1  9
'/.). 

1',7
1 . t - 1 .9  l 3 -43

;

rDatr  l io ln 0 to 550 m, l98l-1990 (Larson et  a l .  In press).

of total phosphorus in Cratcr lake is in the range
usually associated with mesotrophic lakes (Wetzel
1983). Theretirre, some of the chemical proper
ties of Crater lake do not contbrm to the entire
range of criteria usually associated with olig-
otophic status.

Limnological studics ofCrater Lake conducted
b"v the National Park Service between 1982 and
1992 were in response to an apparent decline in
lake clarity. Congress passed Public La$'97 250
in the fall of 1982. which authorized and directed
the Secretary ofthe Interior to conduct a lo-year
limnological study of the lake. At the end of the
study, researchers concluded that CraterLake was
pristine except for the consequencas ofintroduced
fish. Although fish affected the fbod web of the
lake. no other changes caused by human activi-
ties specitically could be identified or separated
fiom those caused by natural phenomena.

Results of the limnological study of Crater Lake
between 1982 and 1992 revealed many of the
components and processes inportrurt to lake clarity
and to the dvnamics of the lake ecosystem as a

whole (Table 5). Although the relative impofiance
ofthese components and processes was well docu-
mented in many instances, the level of knowl
edge of them was generally low to modcrate be-
cause they could not be addressed in sufficient
detail within the scope ofthe program. This short-
fall posed a problem because several human-re-
latedactivities and conditions were identified which
may have negative impacts on the lake (Table 6).
Although our level of knowledge of the magni
lude o l  lhe  impacts  on  thc  hke  uu .  lou  in  mor l
cascs. suspected contamination of an intra-caldera
spring, commonly referred to as Spring,+2, from
a sewage septic-drainfield on the caldcra rim in
the vicinity of Station 28 (Fig. 1) received con-
siderable attention during the limnological study
because ofits potential impact on lake productivity.
Results from studies of parlicle t'lux in the lake
c le r r l )  , lemon ' l r l led  tha t  any  n i t ra t r  con tuminr -
tion in Spring 42 from the sewage system would
not have a significant affect on lake clarity and
produ( l i \ i l ) .  Nonethe le . . .  a5  a  p recaut ionar )
measurc. park management disconngctedthe sew-
age system in I 99 I and removed it from the caldera

Overvie* of the Limnology of Crater Lake 43



' I , \BLI_-  
5.  Aral i rgol theimportanceolsclcc lcdprocessesorcomtonentsof f icCrarerLlLkeecosvsreminrc lat iontokno$1,

cdgc of lake clafit! and rhe lake slslcrn. A ruting of the lelel of knowlcdge of the pn)cesses and components is
incl  ded (a l icr  Ltr rson et  rLt .  l99i r .

Conrponent or Proccs\

Relati\e Importance
!o Ul1dcIsrtrrdin:

Lakc Cllarit!

Rel ti\,e Imponance
lo Undcrst.rnding I-c\c l  0f

Kno\\,lcdgc

L.rke le\e l

\\irer budget

Deprh of surracc nrixing in $inter

Thef mal stralificalio.

Deprh of  sul t ice mix ing in l l l l

Abid ic lar t ic lest  mudsl idcs.
.rvalanches. runofl & stoml e\ents

\u i r ienr budgcL

H\drolhcrntrl inputs

Organic derritus

Benthic

\Lr t r ient  upwel l i l lg
1i0ln the deet lxke

Spr ing.12 ni tJate N

Armosphcric dcp0!iti|)lr
\Lrll.ienls

Pa(rclc llur

Bort . rnd rutonobi le
Ernissiors/Petroleunl r\ astes

Ph) rophnkton production d--nrmics

Zooplankton produclion dln.rlnic\

Benthic llofa
(product ion & nunient  d lnamics)

Bcnlhic laum (producl ion d\na ics l

Fish producl ion di  namics

Nlodcralc

N,lodcralc

l l i g h

l l i g h

High

High

Nloderrte

Lou

Lo$

High

Nl0derat.
?

?

Nloderate Hjgh

Lo$, \{odcralc

Lo$

Lo$.\foderatc

llodcratc High

l l igh

I I i g h

I l i -g l

High

HiSh

High
Hieh

High

High
Lo$'N{oder.Lte

High

I

High

High

H i g h  ( l )

Modefare

High

Niodcralc

Nlodcrute

\foderate

\foderatc

High

Moderate
L0\\

NI0deraie

Lo$'

Nloderate

Low-l\,loderalc

Low

Lorv-\,loderatc

t. im in 1992. Sewagc from the rin no* is piped
bv gravity to settl ing ponds on the flanks ofMount
Mazama about 300 m in clevation below the
caldcra rim.

C| l t . ' r  L . r le  i . . r  un ique l . rke  l iom ln  in te rnr -
tional perspectivc. and it is highly valued both
nationally and locally. Responsibil i ty tor man
agenent ol such r systen is a priority lor thc
National Park Service. Fufihenrorc, the long-teror
dr t r .e t  th r t  nou c ' , i s t .  l ' , , r  the  l r l ' e  ha .  g le . r t  .e i -
cntific value tbr understanding proccsscs that are
common to all aquatic !ystems. Few pdslinc lake
have received such cxtcnsive and intensive stud

ies. The National Park Service recognizes that
maintaining the pristine conditions ofthe lake wili
rcquire regulatior ofhuman activit ies within the
context of existing inlbrnation and regulations,
while simultaneously supporting the collection
o i  ldJ r t i , ' na l  in to rmat ion .  Long- rerm mon i ro r ing
of selected ftatures of the lake system coupled
with special short term studies are needed for
additional inlbnnation fbr management and sci-
entif ic purposes. In 1994, the National Park Ser
vice provided funding to continue long temt lim-
nological studies of the lake.

11 Larson



TABLE 6. ,A.cri\irics or cordirions rhar may impact Cnter Lake and a rrling of thc lcvcl of understxnding of the polential

r r r r p . r ( r \  ' -  l c r  I  J  . n _  / l  J l .  I n i l  .

P,o . :e$e. , ' f  C , ,  p i  ner r \  I  nprd( i l

Le\,el ol Undehtrrdiig
of  t le lJnpact

AtJnospher ic deposi tx)n

Aukr (Jbi le and boat  emissions

Contaminarion of Spfing ,l:

Road and pafking lol rurofT

Globalc l imrte change

Introduced species:
Cfr \ i ish

Rrinbo$ rroul

Crrbon parricles

Chemical \

l \ * i r r  e N concentf r t ion

Rsleise ol  petro leum pnrducN

Depth of rface mixing
Ann)unt of deep hkc circul.rlion
Amount 0f prcciptrlion

Prinarl lrnd sccondaD productioll

Benthir ibod $eb

Predrlion |)n:
Bcnthic macroinvedebfales
Tefre\ t r i r l  in \ects
Alnphibians

Benthic rl1d pclagic food \\ebs

Bentlic macr0ilr!c(cbralcr
Tcrcslrial rnsecrs
Duthnlu tuli.dria

Pelagic food trcb

Lotr

Lo$

I I igh

l - o s

Lott
Lo\i
Lor

Lo$

Lou
Nloderale

Lo\r
l ,o!v
H i g h

l,loderale

The long-term limnological monitoriog pro-
gran at Crater Lake will tircus on lhe collectior
of meaningful infbrmation about thc status and
fends of the lake. The program will provide a
mininum set of standards by which the slalus of
the system can be evaluated as well as baseline
data needed to suppofi specific investigations into
lake processcs fiat we do not lllly understand.
Understandin-q thosc processes that atlect lake
cladty \\"ill be the highest priorily ofthe monitor'
ing program. An array of variablcs will be noni
tored (Table 7) f ir l lo*' ing methods developed
dudng the initirl stud)' and described in various
chapters ofthe linal report liom thc study (La$on.
et al. 1993). The lake wil l be sampled at monlhly
intervals bctween June and September. when the
lake is accessiblc by foot and when boats can be
moorcd on the lakc. Although weather conditions
jn the park arc not predictable from year to year.
sampling also will be attemp(ed each year in Janu-
ary and April to match the "off season' sanpling
conducted dudng the init ial study. January and
April samples pro\ide estinrates ol thc amount

ol deep-rvrter circulation. concentrations of nu
t | rcn t . .  p I i r rnD produc t i r  i t r .  and  ch l r i rc le r i \ l i c .
of the phytoplankton and zooplankton commu-
nitics. Sampling from June through September
provides i ntbrmation on l imnological conditions
of the lake during the period of thermal strrtifi-
cation. With fe*,exceptions, samples will be taken
r l  S l i r l i t \n  L r  Io  b r  con . i . ten t  u  i th  the  ml io r  . . r rn -
pling site used in the initial study.
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TABLE 7. Nlonitoring rariables at Crater Lake and ai intra-caldera springs of thc lake.

Prccipitatior, wind speed a.d direction, tcmlpeanure. humidit\,, and sol.rr radiation

Lakc temperaturc and conducti!ir\,
Clonducti|it]'. lcmpenture. and depth probc (CTD) fron surface io a dcprh of 550 m.

Optical propenies ol rhc lake
20 cm Secchidisk
Photomctcr (t0 150 m)
Transmissomcrcr (to 550 r)

Abiotic properlics of the lakc

Chemical properties of the lake
Total alkalinily. pH. specific coDductance, and concentralions ofdissolvcd oxygen, tolal phosphorus. ofihophosphare-phos
phorus. nrtfaie nitrogen. total Kjcldahl-nitrogcn ammonia nitrogen. silica. and trace clenents at sclected depths iiom thc
fol lo\L ing depth sequence: 0.  5.  I0,  20 60.  100.  200.  300.400.  5U0. and 550 ln.

Biological pfoperrics ()1 the lake
Chloroph)ll a conccnrrarion

/t firrc chloroph,vll concentralion accofding to the following depth sequcnce: 5-m inlcrlals from 0 ro l0 m, 20 m
rntervals iron 20 to 200m. and 25 1lt intervals fron 200to 300m. including conlribution from picopiankron co ecled
thfough difterential illrcring.
C-l'l primar] produciion al the chlorophyll sampling depths to 180 m i.cluding contribLrrion from picoplankron
. r l l e . . e d  r L - c r  r h  J : f ' e r e l  d t  t r t r e - i n p

Phvtoplankron
Specic\. densit],. md biovotumes at all chlorothyli sampling dcplhs to a maxinum depth o1.200 nr

Zooplankt(nr

Spccies, densily. and biomass in s,tmples obrained by a verlicrl tow of a.5 m dianretcr, number 25 closing ncl
Fish

Specics. abundance. bionass, spalial distribulion. a!e. sex. growth. and food habits. Samples collecied with gill ncls,
hook and line, and down rigger. petagic distriburions estimared using an echo sounder.

Bulk aftnospheric detosilion to rhe lakc

Spr ings 20.  38,  19.  41. ,18
Tempcrrlure. pH. conductivit\'. alkalinity. nutrienls. trace elemcnrs. and bacrcria (otal coli1brm. fecal colifonn. and fecal
srreprococcusl .
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