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in situ bioassays were conducted using native Adirondack brook trout (Salvelinus fontina 1fis) and blacknose dac
{(Rhinichthys atratulus) in four headwater streams, Conducti wity, pH, tem;)emture and stage height were moni-
tored &{;r‘tmuausiv, and water samples for laboratory ana iysis were collected during hydrologic episodes. Fish
survived well during haseflow conditions, but fffrrmg pmm)d, of spifng snowmelt or farge precipitation events,
survival was poor. Blacknose dace were mare sensitive than brook trout, and mortality was best correlated with
the log of median inorganic monomeric aluminum (Al ) concentration. Brook trout mert tality was best correlated
with a tws variable model that included dissolved organic carbon (DOC) and a concentration—duration variahle
tmedian Al during the episode timos the duration of the e;}sxo@e). Brook trout mertality was iﬂvemely corretated
with DOC, Bioassay fish that had been in the streams 15-24 ¢ survived episodes better than fish that had ei?hu
not become acclimatized or recovered from hzmdimg, Duration of exposure o acidic episades was critical,
Extended periods of poor water quality resulted in fish mortality and may be mare important 1o native ;;f)[:mfatmﬂb
than short acidic episodes,

Des dosages biologiques in ‘;\'Eu ont &t réalisés avec des ombles de fontaine (Sahvolinus fontinalist el des naseux
noirs (Rhinichthys atratulus) i ndigénes fi'r‘\dir{)néack dans quatre ruisseaux 'amont. La conductivité, le pH, la
température et le niveau de Feau ont fait Uobjet d'une kurve]flarce continue el des échantillons d'eau ont 88
erlﬂve pour analyse de laboratoire au cours f4ea énisodes ~dm!c>grc ues, Les poissons ont eu une bonne survie
durant les conditions de débit de base, mais durant a | f)me cles nei ges printaniére gl les wam:@f« précipitations,

{a survie a ét¢ médiocre. Le naseux noir g'est fe\fe!e plus sensibie qgue "omble de fontaine et la mortal it ;,reaema;l
la meilleur corrélation avec le log de la concentration médiane d'aluminium monomére i norganique (Al 3 Chez
Fomble de fontaine, la mortaling présentait Ea meiiledre corrdlation avec un modéle 3 deux variables, 3 savoir fa
concentration de carbone organigue dissous (COD) of une variable concentration—durée = (Al médiane au cours
de épisode muizipfié Q rla durée de I'épisede). La mort a'iia’ (1'8 Fomble de fontaine p ;,rewmmt une corélation
inverse avec la COD. Les poissons avant séjourné dans les f‘&tx pendant 15-24 jmz Ont Mielx SUrveécy
aux épisndes que les poissons qui n'avaient pas ey Je temps d{ s‘acclimater ou qui ne &'8lalent pas rétablis de fa
manipulation. La durde de I’ exposition & des épisodes ol Feau est plus acide étalt critig jue. ’39% zériodes pro-
longées oi la qualité de I'eau était médiocre ont entrainé de la mortalité et pourraient avoir plus &importance
peur les populations indigénes gue les courtes périodes ol Vacidils st élevée.

R(‘gJ fe 3 décembre

Received December 3, 1991
Accepté fe 24 novembre

Accepted November 24, 1952
(78315

—r e
WD
WU
SN IECY

oth laboratory and field bioassays have been used (o dem- vater gquality typieally returns 1o conditions acceptable 1o most
 onstrate that fish are sensitive to aczé nd high aluminum n:h fife in al im{ chronically acidified streams. Detailed reviews
oncentrations { Baker and Schotield 1982; Shy rpe of al ~f the effects of acidic episodes have been prepared by Mar-
1983, Johnson et al. 1987, Parkhuorst 1987; Ermcw” et al, morek ef al. {1986} and Wigington e al. (1980).
L 0

F990). Relatively few studies have been conducted to evaluate Episodic acidification in the 2 dirondack region of New York
Wi edfocdn b cpdeend o BHE atbon ia,zi e by pesids S e ben docmnenied i lake ontiets (Driscoll and Newton
i i L GOLUT COth- P8RS Galloway et al. {987, large rivers {(Colqu hour 2t al,

of suowinelt or heavy g
monly in sireams and riv
vary in both infensity ;‘md

1, 1984, and neadwater streams (Colguhoun et al. 1982
G84: Colguhoun and Avlesworth 1983) The most acidic epi-
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sodes of longest duration generally occur during spring snow-
melt, although episodes cgual in acidity and duration may aiso
occur at other times of the vear, depending on the amount of
precipitation.

Fisheries survey data have shown that fish are absent from
many Adirondack streams that become acidie during the spring
sae\nmd period {Colg g shoun ot al. %a) Schofield and Dris-

1E1987) found that in the North Branch of the Moose River,
ac:duv gradients in the war:,rsé‘cd and the acid tolerance of the
fish species were the key determinant s in the species distribu-
tions they observed. jslmsm ct al. (1987) further suggested
that the extent of the watershed that is acici" :, and therefore toxic
to fish, increases during snowmelt and major runetf events,

Studies in Pennsylvania {Gagen and Sharpe 1987, Sharpe
d fish

ef gl, 1987 and in Norway (Hesthagen 1989 demonstrate
mortalities in response 1o audzu episodes. During baseflow

conditions, streams offered suitable fish habitat and water qual
ity, but during spring snowmsl {7 pfoo;‘ sater quality resulted
fish mortalities. Hesthagen (1989 counted dead lish dailv ina
Morweglan river and associated the cause of death with envi-
ronmental acidification during spring snowmelt. He also ob-
served that fish mortality was usually delayed relative o the
onsel of an acidic episode. Gunn { 9%* conchuded that acidic
episodes may 11:1;}&.1& several species of salmonids at different
ge;iam in their life history. He also noted that few {ield swudie

had been conducted on the imp: aus 0{ acidification on mok
fr(:u? {Saivelinus fortinalis) popuiations.

The Adirondack Episodic Resp I,om

address fish response during episodic avid
was part of g larger effort coordinated b
menial Protection Agency with similar ¢

Pennsyl

in

i

esearch wnd&c ted
Ivania and in the Catskill Mountains of New York State.

in

Several objectives of the Adirondack project were o (1} con-

Can. 4 F:

Location of Adirondack stream bicassay sites.

Pz
F el

ams th zsi

tinuously monitor the water chemistry of several st
experience episodic acidification, (2) determine the effects o
acidic episodes on the survival of brook trout and bla %\msu
dace (Rhinichthys arraidusy by conducting i situ bicassays,
and (3) relate the bioassay resulls to fish population responses
observed in the study streams. Additional components of the
Adirondack Episodic Response Project are e discussed in Kretser
ot al, (1991

Kiethods

Four headwater streams were selected as study sites for the
Adirondack Episodic Response Project { 1), The streams
are wcaa@i i the southwestern quoﬂ‘iam region which
receives over 120 cm of precipitation per year. Fly Pond Outlet
and Buld Mountain Bre oi\ are inthe Morth Bmmh of the Moose
River drainage. Seventh Lake Infet and Buck Creek are tribu.
taries of Seventh LLM and are in the Middle Branch of the
Moose River Lmig‘ . The watersheds are coversd by state
forost consisting wood/conifer mixture,

Conductivity,
SIFSQmy Werg measure

Fig.

$
odf

I and stage height of the
ontinuously, An instrument shelter was
conatructed af cach stream to house & U5, Geologieal Survey
;aiimm@mwz‘ a Can pbc%‘é {model CRIV/WP; data ieszg erieon-
troller, an 1SCO (model 2700 automated water sampler, azécl
13-V batteries. ’?‘}L ISCO sampler was programmed o collec
i : necified intervals based on changes in siresn
gmb samples were also collected from the
ysirument sheliors. Water samples wers ana-
2‘0;3@ 'wﬁ parameters: pH, ”"EQ—ZA?,LEMA LLE,;
aﬁd uctance, Ci, NG,, 530,, Na, K,
nic carbon (DGO, dissolved inor-
’mw dissolved aluminum (Al ), total

w-J
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monomeric aluminum (Al,), and organic monomeric alumi-
num (Al ). Inorganic monomeric alumingm {Aiiﬁ"%as cal-
culated by subtracting Al from Al Kretser et al. (1981
presented a more complete discussion of v chemisiry meth-
ods and guality control procedures.

Bioassays were conducted four times during ihe study: fall
1988 (Movember 2 — November 193, spring 1939 (May 8- June

15), fuil 1989 (September 27 — October 31), and spring 1590
{May i —May 29). They were scheduled to coincide with times
when acidic episodes generally vccur and to coincide with con-

current intensive studies on fish movement in response 1o epi-

sodes (Kreiser ot al. 1991

Mative brook trout young-of-the-year and native blacknose
dace adults were used for the fall bioassay experiments. Native
yearling brook trout and blacknose dace aduits were used for
the spring bioassays. In addition, hatchery-reared (New York

epartment of Environmental Conservation, Rome Fist, Hateh-
ery) brook trout fry were also tested during the spring bioas-
says. The native brook trout and blacknose dace were collected
from over 20 Adirondack streams with water chemisiry com-
parablc with that of the study streams. The fish were collected
by electrofishing and held for several days in a large cage in
Fly Pond Outlet prior to being used for the bioassays. At least
20 fish of each speciss were tested at each site during euch
bipassay.

The methods used for fish exposure in the study streams sere
those used by Johnson et al. (1987). The exg erimental fish were
placed in 3.8-L Nalgene containers with two 7 X 12 cm open-
ings screened with fiberglass (1.4-mm mesh) (o ensure adeguate
water exchange. Three or four containers were used at each site
for cach species to ensure the fish were pot crowded. The con-
tainers were then placed inside wood frame cages covered with
6.4-mm mesh plastic screen. The cages served to protect the
bioassay containers during periods of high stream flow. The
cages were placed in pool areas either adjacent (o or near the
instrument shelters. The test fish were not fed during the
bloassays.

The survival of the bioassay fish wag determined by daily
checks at each stream. Fish were considered dead if there was
no response to prodding and no observed movement. Rioassay
experiments were restarted in ail streams if greater than HG%
mortality occurred in the reference stream (Fly Pond Cutlet) or
if more than 90% mortality occurred within T wk in any stream.
As a result of these conditions, three yearling brook frout bioas-
says were conducted during spring 1989, two blacknose dace
bioassays during spring 1989, and two brook trout bioassays
during fall 1989,

Analysis of the bioassay and water chemistry data was done
primarily with the Statistical Analysis System (SAS) Mortality
data were also analyzed as probits (Fisher and Yates 1957)
because they often show a sigmoidal relationship to chemical
data. The aluminum concentrations were converted 1o log val-
ues prior to regression analysis with mortality in order to
improve lingarity. Exploratory multiple regression analysis was
conducted using the SAS Stepwise Maximum R procedure and
the following variables: median field pH, minimum field pH,
log(median Al ), log(median Al ). log(peak Al ). median
DOC, oglmedian DOC), median Ca, tog{median Ca), and &
concentration—duration facter (CONCDUR) defined the
median Al concentration during an episode {period of daily
medizn Al > 100 pg/L)y multiplied by the duration of the
episode in days. Daily Al

values were predicted for each
stream from the minimonitor pH records and the relationship

404

between mhnimonitor oH and the measured Al values. The
water chemistry values used were those obtained while each
specific bioassay was in progress.

Resulis

in order (o better compare the hydrology of the four study
streams, flow data were basgd on stream watershed areas
Stream baseflow conditions were identified as a daily average
flow 040 Les~ -km 7 orless. Significant hydrologic episades
{over 2.5 times baseflow) occurred during three of the four
bicassay periods. The spring 1989 bioassay oceurred just fol-
lowing an episode and durlng a period of gradually decreasing
stream flow. During periods of baseflow conditions, water qual-
ity in all streams usually allowed for the survival of the bioassay
fish. With the exception of Fly Pond Outlet, episodes were gen-
erally associated with acidic conditions, higher concentrations
of Al and higher mortality in the bioassays.

Fly Pond Qutlet (the reference stream) exhibited the best
water guality of the four study streams. Baseflow pH values
averaged 7.1 and during episodes were rarely below 6.0. The
hydralogic episodes that occurred in Fly Pond Outlet were not
usually associated with water chernistry changes severe enough
to cause mortality in the bioassays. Fish mortelity and median
water chemistry values for selected parameters during the
hioassays are presented in Table 1.

Daily Al concentrations were derived from the continuous
record of minimonitor pH using stream-specific predictive
equations. This allowed for an evaluation of gradual or small
changes in Al,,, which could be related to the daily observations
of fish survival. Anaverage of 80 measured Al concentrations
for each stream were regressed with the corresponding mini-
monitor pH value for that day to develop the relationship. The
following stream specific equations were developed:

Bald Mountain Brook:

loglAL ) = 4.84 — 0.55(pID (R? = 0.38)

log(Al,,) = 5.27 — 0.65(pH) (R = (.68)
Seventh Lake Inlet:

log(Al ) = 4.77 — 0.54{pH) (R? = 0.48)
fiach of these equations was significant at £ < 0.00L The
relationship for Fly Pond Outlet, however, was poor
(R? = 0.04) because pH values were all greater than 5.6 and
Al,, concentrations were low. The predicted daily Al con-
centrations for each stream were then plotted against percent
occurrence (Fig. 2). Buck Creck cxhibited the highest Al
levels for the greatest percent of the time and Fly Pond Cutiet
had the lowest Al levels.

The bicassay that began on May 18, 1989, demonstrated that
during periods of low flow, water quality in the study streams
s suitable for the survival of blacknose dace. When the 1989
Bald Mountain Brook and Seventh Lake Inlet bicassays arc
compared with the spring 1990 bioussays for these streams, the
effect of the spring 1999 episodle is evident {Fig. 3 and 4L
Rlacknose dace exposed 10 30-1 10 pg AL /L sxpericnced no
mortality, but when an episode began on May 1, 1990, and
continued for over 10 d the Al concentrations increased to
over 250 wg/L and resulted in 100% mortality. In By Pond
Outlet the Al concentrations remained below 50 pg/l, and
no blacknose dace mortality was observed during either 1989
or 1556,

Car. B Fish. Aguge. Sci, Vol 30, 1993
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The in sifu blosssavs consistently demonstrated that the
b acknose dace were more sensitive than té e brook trout (6 the
pisodes of acidic water. Cumulative mortality was greater and

occurred sooner in blacknose dace than in hrook trout {Fiz 5
and 4). In many cases, all of the blacknose dace died over a
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<. 4. Comulative mortality of blacknose dace and caleulated median
‘miy Al during the spring 1989 and 1990 bioassays in Seventh Lake
niet.

m. C:‘

short length of dme. Brook rout morelity occurred slower and
over a longer time period.

Early uaem lained mortality of brock trout in the reference
stream, Fly Pond Outlet, during the spring 1989 and fall 1989
b;o&sm}s ma}, have been caused by .dﬂd ing stress. These
bioassays were restarted with new fishin all four study streams.
Bicassays were generally considered 1o be a ccepzaﬂic until the
mortality in Fly Pond Outlet exceeded 10%. Because of the
variability in water quality among sireams, the ¢ duration of bio-
assays varied. Buck Creek exhibited the most toxic water
chemistry and therefore the shortest bioassays.

Seventh Lake Inlet was generally more acidic and had higher
Al levels than Bald Mountain Brook both during baseflow
and in response to episodes. The bioassay results (?w 5 and
6) showed that Bald Mountain Brook was Cﬁﬂ‘:_‘if}nﬂ} less toxic
10 blacknose dace than Seventh Lake Inlet. However, Bald
Mountain Brook was more toxic to both brook trout and brook
trout fry than Seventh Lake Inlet. Although a major epsiode
peeurred (Lir%nc‘ the spring 1990 bioassay the brook trout fry in
Seventh Lake infet suffered no moriality whereas the Bald

Mountain an%\ fish experienced 30% mortality. Seventh Lake
Inlet had consistently higher DOC and higher Ca concent rahom
than Bald Mountain Brook. and this difference may explain th

observed bioassay results,

Differences in water chem mistry were observed among the four
bioassay mr;ois{ia‘) e 1), and combining the da;aa Towed fer
full evaluation of the factors causing fish monality, DOC, fo

Can. J Fish Aguar, Sci, Vol 30, 1943
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250 Cunmulative mortality of brook trout and blacknose doce
erved during the fall 1988 bioassavs. FPO. Fly Pond Outlet; BMEB,
4 Mountain Brook; BCK, Buck Creek; BLI, Seventh Lake inlet.

mple, appeared to be somewhat higher in Fly Pond Gutle:
i seventh Lake Inlet during the ‘ak biozssays than during
spring bicassavs. Two years of data, however, were inad-
wie 1o amh 7¢ seasonal variation.

Juring the fall 1989 bioassay, a major episode occurred after
d of bawﬂm conditions {Fig. 7). The episode resulted in
Bigible mortality in both blacknose dace and brook trout in
d ’ﬂommm Brook and Seventh Lake Inlet, even though high
s of Al were reached, Other bicassay tests with both spe-
s indicated that haﬂ this episode occurred at the beginmng
ficant mortality would have occurred. An
blacknose dace (Fig. 7) hegan
r than 100 gw L and resulted in
¢ occurred after
ed from
test

he bioassay, signi
¥ spring 1989 bioassay with
1AL concentrations greaie
1 morialities after 6 d. The i 2 198Y ¢p
fish may have acclimaled to the %‘ium O FeCovere
ciEimz stress. The water guality conditions durmﬂ this

e typical of those under which fish in a stream would sur-
3 The data from these fall 1989 bioassavs showed that
tknose dace in Bald Mi}umam Brook were able to survive

- episode that resulied in o median AL

g/l and median pH of 4.9, Brook youl i -k
erienced only 10% mortality during a 10-d episode that
dted in a median Al - f:;}m:@:ﬁ.im‘ii()n of 199 pe/l, median

of 4.8, and median DOC of 8.3
« slepwisc regression analy : i
ied to determine which were the best pradiciors

Cous

]
sis of key variables was con-
: s of martality
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Fio. 6. Comulative mortality of brook trout and blacknose dace

(}bamwd during the spring 199G bicassays. FP(O, Fly Pond Quilet;
BWME, Bald Mouniain Brook; BCK, Buck Creck: 5LI, Seventh Lake
inlet.

in the bioassay fish. For blacknose duce the log of median Al
was the best predictor of mortality (B* = 0.75). Converting
the mortality data to probits did not result in better correlations.
Figure § demonstrates that for blacknose dace, a median Al
concentration of 100 png/L orless over the entire bicassay period
resulted in good survival., The median Al for the fail 1989
broassay discussed above was 42 pg/l (Table 13,

The length of time blacknose dace were exposed to clevated
Aim concentrations was important and was demonstrated dur-
mg several episodes. Mortality of blacknose dace during the
spring 1990 bicassay did not oceur unti] several days after the

3 and %}. if an episode occurred for

start of the episode {(Fig. 3
. high mortality occurred in the blacknose dace bigas-

b {}Fzg. 8). CONCDUR was also identilied as a key variable

te The data indicate that median A Al
conc bngrmsm\ greater than 100 ng/L and episodic peaks of over
& d resulied in mortality to blacknose dace. When the predicied
Al concentrations for cach siream {Fig. 2) arc examined, i
is e dcm why blacknose dace do not survive well in Buck

e
Cl\
(.':1_

in the stepwise analysis.

Creek, Seventh Lake Inlet, and Bald Mountain Brook. The per-
centage of time the predicted Al was greater than 100 ug/L
was ’;}prmmmséy 76% for Bu E\ {? z ek, 57% for Seventh Lake
iniet, and 25% for Bald Mountain Brook.

Eﬁfézcn a slepwise regression analysis of key variables was
conducted on the brook trout bioassay dala, Q{}’\C UR was
the best ;:e;"aﬁd%s:ia o mortality and resulted in the best one-
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Fie, 7. Cumulative mortality and caloulated median daily Al of
{a) blacknose dace during the spring 1989 bivassays and (b) blacknose
dace (BNDY} and brock trout (ST) during the fall 1989 hicassays in
Bald Mountain Brook.

variable model (B = §.44), As with the blacknose dace, con-
verting the mortality data to probits did not improve the R?
term. The second most important variable of those tested proved
ta be DOC, and when both CONCDUR and DOC were used
to predict mortality the B term increased to (.61, Figure 9
shows the predicted response surface il these two variables are
used to predict brook trout mortality. Increases in DOC result
in decreased predicted mortality to brook trout. The best two-
variable predictive equation for brool trout was therefore as
follows:
40,7 + 0.0 CONCDUR)Y —
5.46(50C).

The brook trout bioassay data were more variable than the
blacknose dace data with morialities ococurring over & greater
range of water chemistry. Although cumulative mortality fig-
yres similar to Fip. 8 were developed for brook trout. they
included 2 number of unexplainable outliers. However, Hisevi-
desnt that brook trout can withstand 2 slightly higher median
Al concentration for a longer duration than blucknose dace.

The hatchery-reared brook trout fry wers treated as a separate
group of fish, and the data from these bioassays were also ana-
Iyzed using the maximum R” procedure. The jog of the median
calciwm concentration proved to be the bost single variable, but
only produced an R* term of .33, The best two-variable model

Percent mortalilty =
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Fig. &, Cumulative moriality of blacknose dace in relation {o {a) the
log of median AL, during the bioassay and (b} the duration of the
episnde. Hach data point represents a separate bionssay in one of the
four streams.

of the brook trout fry data included CONCDUR and the log of
median Al and resulted in an B of 0.71. The brook trout fry

data therefore appear to be consistent with the findings from
the wild brook trout and the blacknose dace bicassays.

Dscussion

The results of the bioassay tests from this study confirm pre-
vious findings that blacknose dace are more sensitive o acidic,
high-Al, waters than are brook trout. Johnson et al. {1987}
presented similar bioassay results, and Kretseret al. (1989} pre-
sented survey data of 1469 Adirondack waters which showed
that blacknose dace occurred at a minimum pH of 5.59 and
hrook trout at a minimumm of 4.64. Schofield and Driscoll (1987}
listed blucknose dace as a species sensitive to acidification and
brook trout as indeterminate in its sensitivity.

Fish population studies were aiso a part of this project {Kret-
ser ot al. 1991y The results of those studies are in general
agresment with the bioassay data and show Buck Creek 1o be
the most toxic of the four study streams. Blacknose dace stocked
in the three most acidic streams suffered poor survival, while
preater numbers of brook trout were able to survive. In some
cases, brook trout and 2 few blacknose dace in the stream werg
able o survive, while in situ bicassay fish died. This may be
due to several factors including stress on caged fish resulting
from handling and confinement. As discussed below, the bioas-
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Fig. §. Predicted mortality of brook trout in terms of DOC and CONCDUR. C\,uu._,i
ngan a,pisoda, u}mocf of daily median Al

as the median Al concentration durin
by the duration of the episode In days. The equatio

49,7 + D.0HCONCDUR)Y — £.46(000C).

fish may not have been acclimated to baseflow conditions
15 long a period as the stream fish, resulting in hz&_%mr mor-
yin the bioassay fish. There is also the possiblity that wild
may encounier small areas under banks with ‘b‘;jgmi}; beiter
rguality.

se bioassay results showed that after the test fish were in
srgam for 15-24 4, they could better withstand cpi-
s. They were able 1o survive swa:: al days of water quality
Htions that would have cause ‘xé’ mortality if they had

acidic

irred early in the bioassay p*ro Although the bioassay
may not have survived a major episode of long < Ur'z%ion—,
appeared 10 become al Ef:agi purtially acc Imm ne
ir quality and/or o recover from the initial stre -;,(E bﬁiag
fied and caged. This acclimation was obser Lﬂ in both
¥ frout mu blacknose dace. Mount ot al a%@)ua alzo
gved simtlar iuhma on i¢ haseflow conditions in iabo-
ry ex;m ments with brock trout. Fish that they exposed for

4 Fish, Agues. Sci., Vol 50,

BOC (mg/L)

ONCDUR was defines

100 pg/Ly multiplied

1 the response surface is Percent mortality =

igdwo baﬂ;cigﬂﬂ “Gmi 15 {pH 5.21 and Al,, concentration of
21 pg/l survived a 6-d aud;c upasade {pH 4.59 and Al of
244 wgll), w hu fish without prior acclimation that had been
reared at pH 6.5 \suhurﬂj over 50% mortality when exposed to
the same az,‘d;v, high-zluminpum Lp;x{}du

DOC was an important variable in the brook trout bioassays.
Fish mortality was less in streams with hzgdﬂr L}{}C evels, even
?hougsz Al levels measured were the same. The higher DOC

nid calcium levels in Seventh Lake Inlet may have allowed
bc% er brook trout su vival there than in Bald Mountain Brook.
"a was e case i sg ite of the fact that Al concentrations

ared in most cases higherin %ami‘ Lake Inlet. The black-

13}]

at
ai

app
nose dg -z in these streams may cifher have beon more sensitive
to the Al concentrations than the brook trout of were not pro-
tected pigher DOC and calcium levels

& positively
boratory dam.
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ing spring and fall 1989 and spring {‘9(‘
conditions, (md the fleld data used to test the
The number of bioassays in which the mode g)
parentheses, NA = not applicable.

&

P

g 2. Number of in situ blosisaeys where observed moriali
uu;:.ig}g;,;u in other siudies. Brook
ring §pring ﬁf%‘ and mxmﬂ 1‘9 0. Brook frout }‘f arling

was correctly predicte {within = 109%)
ut fesding fry bicassaye were conduc ifﬁ
d blacknose dace bioassays were conducie
ssume stable water chemistry

redictive models

3 I\ were H-d perieds of relatively stuble conditions.
icied more mortality than was observed is given in

Iphnson Parkhurst Parichurst Ingersoll Parkhurst Baker
et al, {1987 {1987 et al. 2t ai. et al,
{19873 i 2 (19590 {1990 (1990
FOtk trout 2ol & Oof 8 Zof 8 Sof§ Jof 5 Sof 8
feeding fry (63 B 5} (i3 £33 {13
Brook rout Toli2 NA NA MA MA MNA
yearlings 3
Blacknose dace Zof iz BA NA NA MNA NA
adulis {1

Parkhurst et al. (1990} conducted laboratory binassays that
demonstrated that brook trout mo%aéii}’ was reduced at higher
DOC concentrations. The predicted response surface baszd on
our field studies (Fig. 9 is stmilar 1o the values the ’pze%wieé
showing the highest brook trout survival at low aluminum and
high BOC concentrations. Parkhurst et al. {1990) also found
that the best predictive equation of brook trout survival for their
data included AL, DOC, and pH. In carlier field studies, Park-
hurst {1987} had not observed a beneficisl effect of higher DOC
concentrations, possibly because in those studies, DOC was
negatively correlated with pH.

It is interesting to note that DOC iz generally thought 1o bind
the toxic Al and convert it to Al . ii"e:* fore, measurements
of Al should already include the *{m é d ived from DOC.
f he mtwprcm{zm of the BOC and Al interactions may be

complicated by the analytical meihad ase{, for Al measure-
ment. Recent research at the University of ‘%\/y{)mmg has shown
that using an ion exchange resin column {Briscoll 1984} 1o sep-
arpte the organic and inorganic fractions of monomeric alu-
minum {as was done inour study ) may lead 1o an overestimation
I, {Bergman 1992). Weak organic acids may be able to
baré with AL and reduce its bioavaidability, but may not he
strong enough to remain bound o the Al in an fon exchange
resin column. Consequently the measured Al value may
include some of the Aa,)m In higher DOC waters, Such as Sev-
enth Lake Inlet, much of what was measured as Al may In
fact be Al and not be toxic to the fish. A better mathod of
analyzing for the biologically available fraction of aluminum is
needed.

Cur bioassay and water chemistry moniforing resulis in
cated that Al was the primary parameter hzf; caused fis"n
mortality during acidic episodes. I ?ali&& and Scho Ly
Fohnson et al. (1987, Parkburst v al (190, and rf; ners also
wentified Al as a primary écicrz f‘dﬂ{ i the survival oi fish
exposed to acid waters. These researchers also developed
models to predict fish survival under various water qu;mz} con-
ciéiions. These models, however, did not generally predict whas

¢ observed in our bioassays (Table 2} The observed mortality
was correctly predicted in greater than 50% of the bioassays
oniy when we used modeis izudep d by in g rsolf et al. ‘”}*}f,‘%
or 8&3\61“ et al. (1990 for brook rout feeding fry or the model
developed by Iohnson et al. {1987} for brook trout vearlings,

The reasons for the relatively poor agreement between the
predicted mortality and owr observed bipassay dala may be
attributed to 2 number of factors. These may inglude the use of

Try
{

10

oiher 1m:=ihod~s %e measure Al variation in fish strain or age,
variation in ish handling, the fact that test fish may not have
been ac'*‘;mutcd Lo low-conductivity water quality conditions,
and/or the fact that the brook trout feading fry used in the study
described here were of hatchery origin. Each predictive model
had & set of experimental conditions that may have been dif-
ferent from the bioassays we conducted, Al mw;ﬁh these models
are useful in gaining 2 better understmding ﬂf how variations
in water chemisiry affect fish survival, they do not fully char-
acterize the variables occurring in the stream environment. The
occurrence of acidic episodes s the primary factor that is not
taken into account in any of these predictive models.

The variable CONCDUR was developed o incorporate acidic
£nl sodes into predictive models. CONCDUR was found to be
an important variable correlated with mortality of bicassay fish.
Brook trout were able to survive episcdes for a longer duration
than blacknose dace, and both appeared to survive longer than
expected based on research by Gagen and Sharpe (1987 They
found that in Linn Run, Pennsylvania, brook trout exposed o
over 200 g AVL for durations greater than 1 d suffered mor-
tality. In our streams, exposures of longer duration were nec-
essary to cause brook trout mortality. DOC may not have been
as important in Linn Run as in our study streams. As well, the
unacclimated hatchery brook trout they used may have been
more sensitive to the fe8t conditions than were the wild brook

trout used in this study.

The in situ bioassay tests reported here documented that our
study streams were toxic to fish af certaln times and that LIji'
sodes of toxic water chemistry did occur. During these epi-
soddes, ’ﬁ% levels were frequently less than 5.0 and Al levels
greater than 100 pg/l.. The continuous water chemisiry mon-
oring data showed that episodes often lasted for many days
and in some cases several weeks {spring 1990 bioassays). Epi-
sodes of sufficient duration resulted in mortality in the bioassay
fish,

Extended seasonal periods of poor water quality resuliing in
fish morta I ty may be more important in our study streams than
short acidic episcdes. These periods can result from a number
of snowmeli or precipitation episodes occurring one after
ancther before the stream returns 1o baseflow conditions, High
flows and associated high AL levels for over 6 d resulted in
hlacknose mu, mortalit
necessary (o cause sigaifi
duration of xi‘{ic% mgﬂ'ﬂ; o be a
cidifted”” does

y. Episodes of longer duration were
cant brook trout mortality. Although

g

critical character-
not ruly apply ©

Cacidic e
istic, the term ©F &hzemcai
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s streams. During periods of baseltow conditions. which in
streams ocour about half of the time, gach stream provides
epiable water quality for fish survival. Critical conditions
fish survival occur when episodes of toxic water guality
tinue for many days, Fish are able o survive episodes of
i duration.

L has been hypothesized that wild fish may move to refuge
1 of better water quality during episodes whercas caged
assay {ish are confined fo one location. Large refuge arcas

ore fish can congregate to withstand acidic episodes did not
ear to be an important characteristic of our Adirondack study
ams, A small refuge site in Buck Creek was located, and
enth Lake was a potential downstream refuge area [or both
sk Creek and Seventh Lake Inlet, However, they did not play
important role in terms of fish survival during gpisodes
W. Bath, Adirondack Lakes Survey Corporation, Ray
sk, NY, unpublished data). The primary factor affecting
s populations in our study streams appeared o be the ocour-
ce of episodes of poor water quality. Fish were not observed
wctively seek refuge sites dunng episodes and then disperse
sughout the stream following the episodes.
“arline et al. (1992) reported that in Pennsylvania, greater
1 3000 km of trout streams have been adversely influenced
acidification. Water chemistry survey data for Adirondack
wdwater streams are limited, but studies by Colguhoun et al.
183, 1984) showed that many streams arc fishless, particu-
Iy those in the southwestern Adirondacks, and have spring
Clevels less than 5.0. The periodic toxicity of certain Adi-
sdack streams due to episodic acidification is likely the reason
iy they either are fishless or support limited fish populations.
e month or less of acidic waler quality could either reduce
eliminate fish populations. The impact may be evident for
ars in streams that have steep gradients o barriers that block
h from moving back upsiream into otherwise suitable habitat.
sep gradients are common in Adirondack headwater strcams
¢ may explain the occurrence of some Tishless waters.
As was noted by Johnson et al. {1987), we found that the
raber of waters that are acidic is greatest during spring snow-
elt and major runofT events, Toxic water conditions that oceur
iring such episodes cause fish mortality and reductions in
«eam fish populations. Future research on this subject needs
incorporate at least three key factors: a better method for
easuring the biclogicaily relevant Al,,, consideration of the
ot that fish do become acclimated to low-conductivily water
sality, and consideration of the fact that episades of acidic
ater guality play a key role in determining the survival of
ream fish populations.
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