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Microbial Ecology of Olympic Hot Springs

Abstract
Thg ecglggy of Olympic Hor Springs in Olympic National Park was studied through laboratory
and field_observarions from Seprember 1972 throush October 1973. Olympic Hot Splings was
foufld ro be a mereoric-Iow saliniry hot sprirg with a temperature ma-timum of 47"C and, a pH
of 9.1. The watm, aLkaline wateri supported a biological- community similar to those of otier
xrkarrne hot  sprrngs,

lntroduction

The hot spring environment provided an interesting system for study since it probably
had existed throughout the time that life had been evolving on earh. The otganisms
found growing under these thermal conditions helped to reveal the extent to which
evolutioo had been pushed. From an ecological point of view, studies were simplified
by the limited speciatioo and short food chains found in these sites. Possible beoeficial
applications of hot spring research include potential for plediction and control of the
effects of rhermal pollurion in aguaric mvjronmenrs.

The role of tempefarule as an environmmtal factor and the uniqueness of the hot
springs ecosystem has been reviewed by Castenholz (1969) ar'd, Brock (1!70). The
limnology of Ohanapecosch Hot Springs in Mount Rainier National Park has been de-
scribed by Stockner (1968). The studies described herein resulted frcm the monitoring
of cenain of the physical, chemical, and biological properties of Olympic Hot Spriogs
from September 7972 thtologh October 1973.

Olympic Hot Springs is located in the nonh-central portion (48. N) of Olympic
Natiooal Park at an elwatioo of 900 m. The study area ( Fig. 1) covered 50 me and
was isolated from the main hot springs area vrhgre human activiry had had m,inimal
effect on the ecosystem. The site was located on a north-facing slope and consisted of
a nattow main steam 3) cm wide by 20 cm deep, fed by two springs (sires 1& 2),
arrd a pool located on the east side of a small islaod separating rhe pool from rhe sream.
The pool was fed by a spriog qrhich flowed up flom the bottom (site 5). The source
at site 1 flowed fron the hillside, falling 1 m to the head of the stream channel (site
3): the sueam at site 2 flowed down a rocky slope for 3 m to the head o{ rhe chanoel.
The stream and pool joined 8 m downsream ftom the hillside sources forming a cir-
culating out-flow pool (site 10) which drained over a steep slope to the !,lwah River.
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Figure 1. Olympic Hot Springs srudy arca (rumerals refer to sampliog sites). The arrow in-

dicates the location of the pipe used to divert the source water ifl the manipulation ex-
Pefrmenr.

Methods and Malerials

Field observations aod samples were takeo monthly at designated sites marked by nurn-

bered woodeo strkes. Temperature and dissolved msasufements wefe made using a por-

table temperature, saliniry, altirude compensated/oxygen meter (YSI model 51 A, Yel-

low Springs Instrument Co., Yellow Springs, Ohio). A Taylor pH comparator (V\trR

Scienrif ic) w.rs used for pH dererminarions.

Vater samples for chemical analyses were collected in sterile 1 liter polyerhylene
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botles. One liter of water from each of sites 1, 2, and 10 was collected, fixed with
chloroform, and stored on ice for phosphate aoalysis. One liter of water: from the same
sites was collected and placed on ice for use in the remaioder of the chemical analyses.

Biological samples from selected sites were collected and stored in sterile glass jars
and transponed to rhe lab for cultuml studies at ambieor temperatufe.

The blue-greens from the algal mat were isolated in uni-algal culrure for taxonomic
classification on Allen's medium (1968) and Castenholz's Medium D (1969). The or_
ganisms were isolated and maintained ar 40.C under 7)0 ft candles illumination.

A photosynthetic bacterium from site 5 and two filamentous bacterial types (one
from site 2 and the other frorn site 11) were maintained in the laboratory by means of
a modified "N(/inogradsky 

column" (Castenholz, 1972) wirh a thermal gradient ftom
l2 'C ro  45"C.

In an effort to determifle the in situ relationship between the algal mar and the
filamentous bacterium on the slope betweeo sites 2 and 3, a manip,ularion experimenr
was attempted. The source wates at site 2 were divened L,y inserting a short length of
PVC pipe into the source and channeling the water for approximately 0.5 m before it
flowed from site 2 to site l. This manipulation caused the water lemFeranue oo rhe
slope between site 2 and j to decrease by several degrees.

Resulls and Discussion
Chemical and physical limnological data from Olympic Hot Springs are summarized in
Table 1. The motthly temperaturq pH, and dissolved o*yg.., *... corrsrant rhrough-
out the observarion period with only minor seasonal fluctuations occurring in temper_

11t. 
( * 1'C) and dissolved orygen ( ! 1 mg 1r). The data indicate that Olympic

Hot Springs was a rnereoric-low saliniry hot spring according to rhe classification of
Castenholz (1969). This chamcterization is consistenr with the meteonc rarher thao
volcanic origin of rhe thermal waters (N. Anderson, pers. comm.).

The temperatures of the source waters at sites 1 and 2 were 42.C aaA 47.C, rc-
speccively. The vrater at site 5 flowed up from a spdng at the bottom of the poo . with

'I'ABLE 1 Chemical compositioD ol Olympic Hoi Sprinss waters
otherwise indicated).

Site 1

aa l l  \a lues  A iven in  ppm un less

Sile 2 S i tc  10

turbidily (JTU)
NH.
NO,
P O ,

Cd
C r
Cu
Ni
r'b
zn
Ca
i\'tg
pH

tempera ture  ( 'C)

290
0 . 4 9
0 . 5 3
0 . 1 2
0.10

3 2
0 . 0 0 4
0 . 0 0 6
0 . 0 l
0 . 0 0 8
0 . 1 0
0.001
1 . 2 0
0 . 0  ?
9 , 2

1 2

1 0 0
1 . 5  0
0 .  ? t
0 . 1 2
0 . 1 1

2 5
0.0 0.1
0 . 0 0 6
0 . 0 1
0.008
0 . 1 0
0 . 0 1 9
1  E 0
0 _ 0 6
, . 2

4',l

290
0 . 6 8
0.55
0 . 1 6
0 . 1 1

3 0
0 _ 0 0 4
0 . 0 0 6
0.01
0 . 0 1 ?
0 _ 1 0
0 . 0  0 1
1 . 4 4
0 . 0  6
9 . 2

4 1
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temperarure me4sured at 47"C ar'd a dissolved olrlgen content of 0.5 mg 1-1. The con-
ditioq of the pool was anoxic.

The microbial flola of Olympic Hot Springs was fould ro be simila! to previously
described alkaline hot sptings (Stoclner, 1968; Castenholz, 1969; Brock, 1970). The
stream supported a mar of blue-green algae ( also known as cyanobacteria {Stanier,
197 4\) 3-4 cm thick which was made vp of Phormid;/rm laminasum, Otcillatoria tr,e-
briform , aod Synechc'ccus litidus,'fhe underside of the mat lacked the haerotophic
flexibacteria found in algal mats of hot springs of higher temperatures (J. Bauld. pers.
comm.). The rocky slope from site 2 to rhe head of the stream was covered 6y Sphaerc-
tilu natant, a unicellular, rod-shaped baccerium enclosed in a sheath which gives the
colony a white filanr,eotous form.

In the pool area the algal mat was limited to rhe top centimeter of rhe pool's sur-
face because of the anoxic conditions belovr. At rhe bottom of the pool, in areas not
shaded by the algal mat, deep red patches of the photosynthetic purple sulfur bacterium
Chromatiutn oiolatcent were observed. The filamentous bacterium Thiothix nic'ea
vras found along the margins of the pool where rhe water temperatures were cooler
( 3 0 - 1 5 ' C ) .

DLrring April and May of 1913 ir was noted rhat rhe flow from a cold spring which
fed into the pool along its margin had diminished. This change resulted in a tempe!-
aflrre increase from ll'C to 43'C. Accompanying this increase was a steady decline in
the Thiothrix population until a level of approximately 40oC vras reached; at this point,
the organism disappeared from the system. Its thermal maximrim had apparently been
exceeded.

As a result of the manipulation of the source at site 2 the water temperarure de-
creased from 47"C to 43"C with little effect on the overall flow rate. Accompanying
the decrease io temperanrre was a change in the community structure between site 2
aod the head of the stream channel. \ ithin a molth of the manip rlation, the algal
mat had spread up ro rhe diversion point while S. natanr had disappeared. Within a
mooth after the flow pattern was restored ro normal and the temperature increased to
47'C, the algal mat had receded to its original posirion in rhe stteam and S. natans rc-
colonized the slope below site 2.

These results suggest several aftemarive hypotheses: 1) growth of the algal mat
was limited to remperatures below 47'C while that of S, natau is optimal at about
47'C; 2) increased competition by the blue-green algae may have lead to the demise
of S. aatant ar rhe lowef temperalure; ot 3) S. natdat may excrete inhibircry factors
which limit the growth of the blue-green algae, and it is only when S. nataxs 

'ts 
limited

by the lower remperature that the blue-green can spread unchecked.
Apart from the microbial communiry described above, rhe otly orher major con-

tribntor to the hot springs community which was observed was the g:azlng fly Para-
coenia t*bid,a ( Diptera: Ephyridae ) which is commoo ir hot springs with tempera-
tures of 30-40'C (Brock, i970; Coll ins er al., 1976). These grazers contribute to the
ecosystem through their feeding and excretory processes and their mechanical effects
on the algal mat which allow greater gas and nutrient exchangc (Brock, 1970).

These observations indicated that a biological communiry had developed which was
typical of an ecosysrem with the chemical and physical propefiies of Olympic Hot
Springs. The members of the hot springs conmuniry were found to be living very near
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rheir thermal limits so that small changes in temperature led to rapid changes in the
species diversity of rhe ecosys'tem. Community stability seemed to be depeldent upon
the co{rstant physical ard chemical properties found there.
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