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1.0 INTRODUCTION

In Volume III of this report, results are presented which suggest a
correlation between the abundance of some key anadromous fish and
environmental variables which will be locally altered by the presence of
the proposed causevway--namely, temperature, salinity and currents. Fop
several years, a major issue of concern has been whether causewsv-induced
alterations in water qguality result in pronounced changes in fish movement
and habitat utilization patterns and, if so, to what degree? These
concerns are based, to some extent, on the assumption that key species of
anadromous fishes have a preference for (or dependence on) relatively
warm, low-salinity water during the periocd they use the nearshore Beaufort
Sea. The assumption is largely based on the historical observations that
most of the species appear represented in higher densities in waters
having these characteristics than in cold, marine waters (e.g. see Craig
and Haldorson 1981). While this generalization appears to be true, great
variability in both abundance and environmental conditions are commonplace
and most studies, like this one, have found only weak (if any) correlation
between abundance and environmental conditions. However, the only
regional species which has been tested in the laboratory, small Arctic
cisco, exhibited a marked preference for warm over cold water.

Recently, most of the concern has been about the effects on small
fish since large fish marked on different sides of an existing causeway
have been demonstrated to return Lo overwintering grounds in the sams
proportion (e.g. Craig and Griffiths 1981, Griffiths and Gallaway 1982).
The potential eff'ects on small fish have not been successfully measured by
field studies, bubt have been simulated for the Waterflood Causeway Area

Heill et al. 1G83). These sipmulations treated small fretic cisco

Y

&

movenent and resultant changes in density as a donor-controlled drift
process biased by experimentally-~determined temperature preferences of the
fish, The model used was similar Lo a previocus model which had been

described by Balchen (1979). As might bave been expected, since density of



fish apparently coming intoc the system drove the model;, the model
performed well based upon comparison of predicted to observed catches.
Listed below zre some of the conclusions related to the Prudhoe Bay Unit

Waterflood Causeway (Neill et =zl. 1983).

{1) The environmentally-directed simulations performed
better than un-directed or reverse-directed versions of
the model due to its provisicon for appropriate responses
of small Arctic cisno to temperature/salinity

heterogeneity:

ey
D
S

Causeway~-induced changes in salinity/temperature regimes

resulted in an estimated 7% reduction in the density of

small Arctic cisco that would have used the affected
area in the absence of the causeway:

{3) Temperature/salinity heterogeneity forced movement of
small Arctic cisco through the breach in a pulsed
fashioen.

{34} Under some conditions, movement of small Arctic cisco
through the breach and around the end of the causeway
were in opposite directions combining %o form a gyre;
and

{(5) A substantial part of the fluctuations in cateh resulted

more from environmentally-related changes in

catehability than te fluctuations in actual fish

density.

Whereas the above model has not been tested against an independent data
set, results of this year's monitoring program at the Waterflood Causeway
should help to validate (opr invalidate) the projections Neill et al.
{1983) made based upon the 1982 cateh and experimental data.

Development of a more mechanistic model that would stochastically
simulate movement of small Arctic cisco as a biased random walk following
8aila and Shappy (1963), DeAngelis (1978) and Neill (1979), was considered
by Neill e? al. (1983) but rejected for several reasons. The primary
reason, however, was because such model: demand a much higher resolution

of environmental conditions than was available for the Waterllood Causeway



area during 1982. ‘ne 1982 Summer Studies in the Sagavanirktok River
Delta area were designed to provide the necessary resolution of
environment; thus enabling the development of a more mechanistic model for
small Arctic cisco.

The model described herein was specifically aimed at simulating the
summer distributional movements of juvenile Arctic cisco in the vieinity
of the Sagavanirktok River Delta. It is based on probabilistic responses
of this species to such environmental variables as temperature, salinity
and current. The decision to focus scolely on juvenile Arctic cisco had
three bases. First, Arctic cisco are often the most abundant anadromous
species cccurring along the Beaufort Sea coast between the Sagavanirktok
and Colviile rivers during the summer (Bendock 1979, Craig and Haldorson
1980, Griffiths and Gallaway 1982, this report) thus offering an adequate
data base from which to compare actual versus simulated fyke net cateh
trends. Second, a previous study (Fechhelm et al. 1983) had
experimentally dealt with juvenile Arctic cisco’s physiological and
behavioral respcnées to temperature and salinity-~characteristics which
formed the principle biological component of our model. Finally, this
species seemed an appropriate subject for study since it plays an
important role in northern Alaska’s commercial and subsistence fisheries.

The success of the simulation efforts were dependent upon having
reasonably accurate, fine-scale desecriptions of environmental dynamics in
and around the Sagavanirktok River Delta over a continucus time period.
Although LGL measured some hydrological conditions at specific points on a
daily basis as part of our biclogical sampling responsibility, such data
were not adequate for describing the dynamics of temperature and salinity
regimes over time and space and ve diq not measurs prevailing currents.
Therefore, the development of a physical systems model of nearshore
cpastal waters was Jelegated to Northern Technical Services {(NORTECH.
Their physical model, which generated {ine-scale spatial profile of
temperature, salinity and current over a continuous 20-day period (¢ to 28
July}, defined the hydrographic characteristies under which the fish

gimulations were based.



The primary purpose of the fish modeling effort was to develop a
method for objectlively evaluating subjective copinions regarding the
potential impact on Arctic cisco movement resulting from altered water
guality regimes. The only basis for an evaluation of the model is whether
it successfully mimicked relative changes in the observed, daily fyke net
catches. If successful in this regard, and given no evidence to the
contrary, the nechanisms which driv: the model may indeed represent the
mechanisms whieh influenced short-term Arctic cisco distributicen.
However, it is important to recognize, regardless of the results described
hercin, that the model hasg not been truly tested against an independent

data set.

1.1 Biased Random Walk Model: Theory and Structure

Our mechanistic model for stochastically simulating fish movement as
a biased; random walk is based upon the works of Saila and 'Shappy {1963},
Debngelis (1978) and Neill (1979). Under the model, fish in a two-
dimensional system are permitted to move in any direction--however,
greater weight is given to movement when 1t is in the direction of an
improving environment. This basic concept is represented graphically in
Fig. 1.1=1(A). VWhen environmental conditions are homogenecus or
heterogeneous but optimum (non-bilasing), a fish has an equal probability
of moving in any direction. This event can be simulated by placing a fish
at the center {point A} of a circle () and randonly choosing an angle
based on the probability density function (pdf) of the circle. Since
there is equal probability of choosing any angle, the subsequent movement
will reflect a totally unbiased random-walk.

The biased random walk associated with a heterogeneous (biasing)
environment can likewise be viewed in terms of probability [Fig. 1.1=
1{BY1l. In this case, the starting position of the f.sh (point A) is
considered to be one focus of an ellipse whose wmajor axis is directled
either ahead or back along the line on which the fish approached A; the
eliipse is directed ahead when the previous step resulted in "improving®
eavironmen®, backwards when the previous step resulted in "wo sening®
environment. From the elliptical pdf it 1s evident that although the fish

may move in any direction, the probability is greatest for angles that
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direct the fish toward the most "favorable® environment. A model of this
sort invelves what Neill (1976%) has termed fklinckinetic avoidance
behaviorf--an increase in the probability of changing direction whenever
the fish perceives that the environment is deteriorating along its
swimming path.

The use of an ellipse and its asscciated probability density function
is a mathematical representation of a "real-world situation” in which fish
movement is modified by environmental stimuli. The level of bias
instilled by such =timuli can be mathematically conveyed by altering the

3

ellipse's sccentricity (e)-=-0r the degree of elongation of the ellipse
(Fig. 1.1=2). Under the homogeneous scenario, a lack of any directional
bias is represented by e=0 (an ellipse with e=0 is in fact a circle). The
opposite extreme, in which movement is totally biased, is an ellipse with
ezt [see Fig. 1.1-2{(8)] or e=z-} [see Fig. 1.1-2(D)J); the former in the
case of an "improving” environment and the latter in the event of a
fworsening® environment. By modifying e between =1 and 1 we have a method
for biasing wovement with an intensity proportional to the strength of the
environmental stimulus.

It was decided to subject our model fish to three environmental
variables-—~current, salinity and temperature. WNumerous field studies have
demonstrated the latter to be an important factor in controlling the
environmental distribution of fish (Fry 1937. Dendy 1948, Hancock 1954,
Martin and Baldwin 1958, Horak and Tanner 1964, Brandt et al. 1980).
Salinivy was not employed specifically as a directive factor in cur model:
rather, it acted to modify the responses of fish to thermal variability
(Garside et al. 1977, Fechhelm =t al. 1983). Temperature thus acted as
the primary determinant of random walk bias. Current was used to estimate
movement related to passive dpift as opposed Lo thermgvegulaﬁary behavior,

A major problem in structuring the model was the unknown relation
between the ee@&%%?i@ity associated with a biased random walk and the
fish's thermoregulatory behavior. Neill (1979) successfully modeled the

distributions of Atlantic salieon (Salmo salar) and carp {(Cyprinus carpig)

B8 A

in a one-dimensiconal system based on the theoretical responses of those

e

apscies Lo thermal heterogeneity. The main premise of his model was that

sucezesful thermoregulation is a function of two input variables: (1)

7 ey

kind and degree of temperature stress, and (2) recent experience with the
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rate of environmental temperature change. In other words, the fish must
perceilve present conditions, and also know whether those conditions are
improving or becoming worse.

Like Neill (1979), it was assumed that the kind and degree of
temperature stress was a function of the difference between ambient
temperature and the fish's preferred temperature. Species-specific
thermal preferenda are well-documented (Coutant 1977) and are believed to
be thermal levels that allow for optimum physiological and bicchemical
activity {Fry and Hart 1949, Fisher and Elscn 1950, Brett 1967, Jobling
1981). We adopted the following modification of Neill’s (1979) thermal

stress submodel:

STRESS = [ T-1 \3  ir 157

] P
\Tor-Tp (1)
and
STRESS = (/Eﬁmfp ‘)3 if T,<Ty
Te s
3“LL T§, (2)
where
T, = ambient temperature
?p = preferred temperature
Ty, = upper lethal temperature (21°C)
Tyy, = lower lethal temperature (09C)

The lethel temperatures represent the thermal range within which
Arctie c¢isco can survive. The lower limit is obvious given the known
environmental conditions of the Beaufort Sea. An uppsr limit of 219C was
estimated based upon the relationship of preferred to lethal temperature
known for several salmonid species and the known preferred Lemperatures of
Arctic cisco (Fechhelm et al. 1983).

The actual values of T@ used for simulations were calculated from
juvenile Arctic cisco temperature preference studies (Fechhelm et al.
1983, Fig. 1.1=3). Four different equations were employed depending on

ambient conditions:
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Ty = 11.5-(0.06-8)+(0.3:Ty) if To215 and S>15 (3)
Tp = 9.25-(0.09:8)+(0.3-T,) if Tz215 and 5<15 (4)
Ty = 18.7-(0.067-8) if T,<15 and 5>15 (5)
Tp = 12.2+(0.15-8) if T,<15 and 315 . (6)

where S is salinity in parts per thousand (ppt). The model thus calculated
T@ after every step for each individual fish as a function of temperature
and salinity, and in turn compared this preference with Taim;detepmine
stress.

Spatial change in environr :ntal temperature {?X} was handled in

simplistic fashion:

Ty = Taitwi}“Ta(ﬁ3fETa(@“?BﬂTait}g (0

Thus Ty had the value 1 for cooling or =1 for warming. Stress and T, were

combined to yield eccentricity:
e = a-T, (Stress) (83

where a is a constant. Eccentricity was permitted a maximum value of 0.95
80 that even under conditions of maximum bias the fish s8till had a finite
probability of waking an incorrect choice in its next direction of
movement. We can evaluate fthe logic of eguation (8) by assuming a
hypothetical sequence of movements in two-dimensional space. A& fish in
water that is too warm (T§>??) completes an Incremental step into still
warmer water. From equations (1) ané@(7§§ Stress will have a positive
value, while T, will be negative. The result is a negative eccentricity
which causes the next step to be blased in the opposite direction. Assume
the same value of water temperature, but that the fish is wmoving down the
thermal gradient--the values of both Stress and T, are positive, resulting
in a positive eccentricity which favors a continuation of movement in the
same direction. Under both scenariocs the fish has the highest probability
of making the correct choice. The same argument is valid in cold water

(T,<Ty) -



1.2 The Computer Model
The simulation model was coded and executed on a Hewleti-Packard (HP)
9845 micro-computer. The waters in and around the Sagavanirktok Aiver
Delta (Fig. 1.2=1) were represented as a two-dimensional x-y coordinate
system within which fish were permitted to freely move (Fig. 1.2-2}). Four
areas within the system were designated as catch zones and were positioned
to correspond with the lecation of LGL's four nearshore fyke nets. The
actual area sampled by the model 1s indicated by the size of the darkened
squares in Fig. 1.2-2. Fish moving into any of these zones were
considered "ecaught” and appropriately recorded as part of that fyke net's
daily catch. QOur goal was toc generate daily catches that could be
compared to those actually recorded in the field during 9 te 28 July.
Because of restrictions in program execution time, 1t was quickly evident
that 1t would be impossible to duplicate the actuzl numbers of fish
caught. Such an effort would require simulating numbers of model fish
corresponding with the actual Delta population size of small Arctic cisco

{(likely in excess of 1,000,000). We decided to simulate relative

matiter of practicality.

To initiate the program, 200 fish were randomly positioned in the
simulation area. This population size was sufficient encugh to generate
meaningful daily catches without overtaxing computer time constraints--one
hour of compubter time was required to simulate the movement of 100 fish
per 24 hours. Since preliminary compubter runs indicated that fish
gravitated rapidly towvard shore daring the first few days, the initial
random distribution was limited to the shoreward 40% of the simulation
area. We do not believe this eampr@miseﬁ the model because fish could

s8till move offshore if so inclined. The major advantage was that
simulated fish distribution reached apparent stability with environwmental
conditions in about 24-36 h as opposed to the three to four days it would
tially been distributed throughout the entire

7%

have taken had fish irn
imulation area. Ha

b
apid time to stability was important given that the
2

i
est pericd was only 20 days long.
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Digital computer map of Sagavanirktok River Delta. Blackened areas
indicate catch zones and corrospond to the location of LGL's fyke
net stations.




Movement was partitioned into step lengths of one hour. At each step,
the position of an individual fish was compared to the existing values of
environmental temperature, salinity and current as defined by NORTEC's
physical model. These data enabled calculation of the direction of
movement for the next step under the biased random walk submodel. The
magnitudevaf the impending step was determined as a function of swimming
speed in fish lengths/sec (BL3). BLS (all simulated fish were 150 mm long)

was related to temperature (T,) by the function:

EanN
D
Tonget?

BLS=0.06-exp(0.2-T,)

based on the laboratory experiments on the species by Fechhelm et al.
(1983).

Swinming speed in BLS was converted to absoclute speed in m/s and
scaled to accommodate the model's coordinate system.

Additicnal thermal bias was instilled by modifying swimming speed as
a function of eccentricity. Under unbiasing conditions, one might expect
a fish's actual swimming path to be more circuitous than under a more
directive set of circumstances. By this we mean that as the directive
effect of stimuli increases bilas {eccentricity), fish are apt to swim an
increasingly more direct route. In keeping with this assumption, swimming
speed and thus the distance traveled per hour was biased by multiplying it
by a fraction of the maximum distance the fish would have traveled had it

movad in a straight path.

BLS'=BLS-0.5 (1-e2)/(1-je| COS0) (10)

@

where: § is the angle of directed movement.

Fish tnus tended to iravel a greabter distance per unit time when movement
was Lowards more favorable conditions than when movement was little.

directed.
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Finally, the effect of passive drift due to current was superimposed
on the displacement resulting from the fish's swimming action alone. This
was accomplished by adding the appropriate current vector to the position
the fish would have achieved by swimming, in order to determine the new
jocation from which the fish would begin the next step.

Our model had only two constraints with regard to movement. Fish
were not permitted to occupy coordinates corresponding te land mass nor
were they allowed to traverse the upper (northeastern) boundary of the
system. Fish passing across the northwestern boundary were reinstated on
the southeastern boundary at the same y coordinate. Conversely fish
moving over the southeastern boundary were repositioned at the
northwestern boundary. This procedure ensured a constant number of fish
(200) in the simulation system while still enabling them to pass through
the modeled area in a net eastward or westward direction, depending on the
ef'fects of environmental variables.

We had originally intended to mimic fyke net catches in each of the
four field sampling ioca%ionse However, the HNORTEC environmental wmodel
did not specify conditions in the regions of fyke net sampling Stations 2
and 5 along the western and easfern boundaries of the study area,
respectively. As a result, ocur comparisons of model to observed trends
were limited to fyke net sampling Stations 3 and 6.

The simulation model was "tuned™ by varying estimates of only three
of the parameters {whose actual values we had no way of knowing) until
goodness-of-fit with the observed catch series at Station 3 was maximized.
Such model fitting is no less legitimate than parameterization of a
regression model. Had our model’s structure been patently wrong, it is
unlikely that any combination of three parameter estimates could have

produced high correlation between observed and predicted catches. The

€]

imulations involved 96,000 (200 fish % 28 h x 20 days) events, each
containing a random element.

The three parameters which were varied in our model-fitting exercise
included coefficient "a¥ in equation (8), a mulltiple of the swimming speed
computed in equation (10), and a multiple of current speed generated by
the NORTEC model. Coefficient "a" represents a measure of juvenile Arctic

isco's thermal sensitivity or gain®, about which there exists no

o

empirical information; we tried values ranging from 5 to 100 in the effort



to £it the model. For swimwing speed we tried the multiples of 2, 3, &
and 5 because we did not believe that the speeds determined in the
laboratory were likely to have been as high as those actually cccurring in
the field. In contrast; different fractional multiples of current speed
were tested, the rationale being that fish likely make use of bathymetric
features, fricticnal zones, rheotaxic responses, etc. to modify- the
apparent strength of localized current. Best results were obtained using
a value of 50 for coefficient "a% a swimming speed multiple of 2 and a
current velccity multiple of 0.4.

Modeled cateh ftrends were compared with field catch itrends based on
both raw and demodulated data. By the latter we mean that results were
subjected to spectral analysis in order to detect and compensate for high
freguency oscillations in daily catch during the 20-=day simulation period.
Once the high freguency component was determined, it was incorporated into
a demodulating filter to transform or smooth the data. Such demodulation
enables one to compare actual versus simulated catch tremds without the
confounding ef'fect of high frequency noise. The 20~-day simulation time
interval turned cut to be too short a period in which to detect a major
freguency component, therefore the same freguency component that was

determined for field data was used in demodulating the model catch series.
1.3 Model Summary

The biased random walk model can be summarized in Terms of three
components-—~environment, phyvsiclogy and movement behavior (Fig. 1.3-1).
The difference in ambient environmental te@perature at a given position
(T,) from that at the preceding position (T45.q) define the nature of
temperature change (T,) being experienced by the fish. Preferred
temperature {Tp§ igs determined from salinity (8) and ambient temperature
(Fechhelm et al. 19873). Stress, which is defined as & [unction of the
difference between prefer: :d and ambient temperature, combines with ¥y to
determine the eccentricity (e} or bias in the impending éh@io& of directed
movement. Although the subseguent direction of movement S£emﬁ from
eccentricity alone, the magnitude of that directed movement requires input
from both ecceniricity and the Fish's swimming speed. The latter merely

b

e
£y

scales the ultimate vector eminating from the focus of the ellipse. Wi
i
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the stage set, =z random number is generated and applied to the probability
density function of the ellipse to determine the fish's movenent
{direction and magnitude).

Collectively, the above steps generate a change of position due
solely to the swimming action of the fish. This movement is then
augmented by passive drift induced by current. The sum of these two
vectors result in the net displacement or movenment of the fish. The new
position occupied by the fish at this point has 2 set of environmental

conditions and the model thus begins its next iferation.
2.0 RESULTS AND DISCUSSION

Prior to description and discussion of results, the reader is
reminded that the model has not been truely tested against an independent
data set (Statiecn 6 trends were, however, predicted based on parameters
estimated from Station 3 data). The only basis for an evaluation of the
model is whether it succesafully mimics relative changes in the observed,
daily fyke net catches. If successful in this regard and given no evidence
to the contrary, the mechanisms which drive the model may indeed represent

the mechanisms which influenced short-term Arctic cisco distpribution.
2.1 Results

Daily distributions of bthe 200 model fish are shown by Figs. A-1
through A=19 in the Appendix to this report. Statica 3 catch data,
predicted and actual, for the period 11 to 28 July are presented
graphically in Fig. 2.1=1. Values for podel cateh have been uniformly
scaled o that the maxinmum corresponds with that of the actual catceh
series. This manipulation was acceptable since we are interested only in

ive trends. Tne resulting Pearson product moment correlation

catch per fyke-net hour imply a high degree of similarity between the real
and modeled cateh trends at sampling Station 3.
Simuiated cateh at Station 6 showed a poor correlation (cateh per

fyke-net hour: r=-0.31; demodulated catech per fyke net hour: r=-0.207 with

actual catches (Fig. 2.1-2). The only apparent consistency between the
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two series occurred during the first few days when both the a@tua? and
predicted catches were virtually non-existant. The first major surge in
cateh under the modeled scenaric cccurred on 14 July, while its real-world
counterpart did not undergoe a substantial increase until 1617 July.
By its design, the random walk fish model generates rapid changes in
thermal bias at about 9.5-10°C. This; in effect, forms a thermal
resistance front. According to the physical model, the thermal plunme
generated by river discharge pushed the 10°C isctherm through the Station
6 area on 14 July (Fig. 2.1=3); about the same time as the initial surge
in simulated catch. However, LGL's field temperatures measured at Station
6 did not reach 10°C until 20 July (see Fig. 2.1-3, also note the
agreement at Station 3}, which was the time that the actual fyke net catch
first peaked. This trend prompted us to compare the catch trends at
Station 6 after having subjected the simulation data to a phase shift
correlation analysis.
In terms of maximum correlation, the observed catch lagged the
model's predicted catch by four days (Fig. 2.1=4). This shift improved
the correlations to r=0.30 and r=0.70 for the observed and demodulated

s

eries, respectively. Lag-correlation-analysis indicated that the
physical model's predicted temperature series lags LGL's recorded
temperature series by five days (Fig. 2.1-5}. The aberrant situation at
Station 6 in no way compromises the physical model’s overall validity
since there was good agreement between predicted and actual temperatures
recorded at Station 3 (see Fig. 2.1-3). Rather, the location of our fyke
net at Station & turned out to be an unfortunate choice. Station 6 was
located in an area in which water conditions undergo a high degree of
transition. heoording to the NORTEC p&ysi&al model, the region is
consistently characiterized by abrupt gradients of both temperature and
salinity. Throughout the summer sampling period NORTEC's Mooring Y4, which
is located in the same general vicinity, also documented high freguency
fluctuations of both temperature and salinity (Section 7, Volume 2). This
instability may reflect a sharp interface between cold, highly saline

]

ceeanic water and the relatively warmer, less saline waters that are
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v found avound the mouth of the PDelta. 3Such conditions could

ocalized, shorte-term discrepancies with respect to physical

iﬁg; which in turn, would distort the reliablility of ocur fish

In the simulation, Arctic cisco movement could be segregated into
several distinet phases. During the period 9 to 12 July, satrong
southeasterly currents along with relatively cold of fshore water caused
the model Fish to move ina westerly direction in a narrow band hugging

i

the coasat (Appendix Figs. A=1 to A-3). Fish passing arocund Point Brower

2

{Station 5) were immediately deflected down into the warmer waters of the

Delta mouth. Station 6 was effectively by-passed, resulting in a

negligivle cateh., Cisco continued Lo move across the Delta--passing
through the arca of Station 3, arcund Heald Point (Station 2) and on into

59

Prudhos Bay. The net time reguired for the model fish to fransit iLhe
Delta mouth hetween Point Brower and iHeald Point was approximately three
to four days.

Weak currcnts prevailed during 13 Lo 17 July (Appendix Filpgs

through A-<8) snd caused a cessation of westerly fish movement. The

virtual absence of leﬁgshore currents enabled a warm-~water plume,

;“*‘e-

generated by the Sagavanirkbok River, to extend further offshorse than was

'3

the case earlier. Although fish acantinued to "nill about? in nearshore

@

areas, there was a gradual seaward dispersion in conjunction with the

of fshore movement of the 109 thermocline. During this pericd the warm
yater plume pushed through the srea of Station 6 and the catch increased

substantially.
The remaining eleven days (Appendix Figs, A= through A4-19) were

5

characterized, for the most part, by alternating periocds of weak and

strong easterly currents. The extended warm water plume was essentially

aintained until 22 July which, in addition to the offshore movenment of

water, scattered fish over a broader area and away from nearshore areas.
- [T

the period of 23-28 July (Appendix ¥Figs., A-1% through A-19) was

sharacterized by & collapse 10 the warm-wabter plume eaused,; in part, by

decreasing river discharge. That fish fail to move closer to shore durlag

this pericd may be 4 result of prevailing current patberns, FProminant



southeasterly currents exhibit a slight seaward bias in water movement
across the face of the Delta. This net trend may have been sufficient
enough te cov  =ract the fishs’ thermoregulatory behavior.

In an attempt to isoclate the effects of current on Arctic cisco
movement, the model was run using a homothermal environment. Temperature
was held at a constant 89C for the saks of determining swimming speed
while eccentricity was maintained at 0. Figure 2.1-6 shows the predicted
catch under the "current only" model versus observed cateh. Under the
eurrent only” scenario, the correlation with demodulated actual cateh
decreased to r=0.86 and r=-0.50 for Stations 3 and 6, respectively. It
appears that the current-only model did not mimic field data to the extent
of the full model, although the correlation at Station 3 suggests that
current played the major role in the observed Arctic cisco distribution.
Because we might expect the interactive effect of temperature and current
Eo vary, both spatially and temporally, it is difficult to isoclate their
individual roles in the overall picture of fish movement. The important
consideration is that, under the model, both current and temperature
appear to direct the daily movements of Arctic cisco in and arocund the
Sagavanirktok River Delta, and that successful interpretation of abundance

patterns reguires consideration of both factors.
2.2 Discussion

Despite encountering problems, the authors would judge the overall
model presults as beling encouraging. Good model fit occurred at Station 3
where the oceanographic model reliably predicted environmental conditions.
At Station 6, where temperature projections were similar but about five
days ocut of phase with measured values, the actual catch series lagged the
modeled catech series by four days. Although three model parameters were
adjusted in the attempt to establish optimum correlation, it seems highly
unlikely that the similarities occurred by random chance, since the
results generated are based on 96,000 random events. On this basis, the
model appears to have some credibility, and supports the contention that
current, and to a lesser extent, temperature likely represent two primary
determinants of Arctic cisco distribution in the wvicinity of the

Sagavanirktolk Hiver Delta.
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Although random walk theory is not without precedent (i.e. Saila and
Shappy 1963, Delnglis 1978, Neill 1979), our approach represents an
initial attempt at integrating a testable mechanistic model with fine-
scale environmental data. At this preliminary stage the model has, to
some degree, accomplished its initial goal or "passed® the first test
given an adequate portrayal of the environment=-1t reasonably mimics
relative changes in the daily fyke net catches of juvenile (150 mm) Arctic
cisco.

Statistical modeling could alsc be used for impact assessment
purposes but would take a different approach. Here, rather than compare
actual abundance to patterns projected based entirely upon known or
expected functional relationships, all the factors which can be included
in a stepwise time series nmultiple regression would be included;, until a
high percentage of the sample variance was explained. Using auto- as well
as cross=correlation approaches it is anticipated that a high degree of
the CPUE sample wvariances at the varicus Sagavanirktok River Delta
sampling stations could be accounted for, or explained from the existing
data set. By this we mean that the observed curves could have been fitted
as functions of temperature, salinity, currents, previous abundance at a
location, abundance at other locations, etc. Once fitted, a series of
correlated variables like temperature and salinity cowld be changed as
they would have occcurred if a causeway configuration had been present,
while holding all the other variable series the same. The output could
then be statistically conpared to the original observations to obtain an
estimate of the effects of the vrojected causeway-induced changes in water
guality on fish abundance patterns.

Neither approach is perfect, but we believe either would be

referable over simple opinion not subjected to any scrutiny for internal

el

consistency. The simulation modeling approach was selected for
development in this program because it is free to fail. By this, we mean
that simulation modeling was used as a test to determine whether the
preceived functional relationships could reasonably account for observed
distributions., It was believed that, if the simulations produced some
reasonable representation of the observed dynamics, they would provide
credence for the data base or statistiecal modeling approach. That is, 1t

could be more safely assumed that the statistical model {or one year will



pe like the model for another vear, because the observed correlations were
more likely attribvtable to functional responses of the fish to the

variables included in the regressions as opposed to some other unmeasured

Py

d
factors. The primary reason for using statistical modeling as opposed to
deling is iha% once it has been determined that the

simulation mo
correlations h?ve a functional basis, the former is less time-consuming
and cheaper than simulation modeling. On the other hand, simulation
modeling offers the advantage of allowing one to examine places within the

geographic bounds of the model system where actual data were not
collected.

Av ~oted earlier, the model has yet to be tested against a truly
ind=pendent data set. In this regard, we caution again:g’ er
anticipating the model's eventual worth at this time. Many questions
remain unanswered and future pitfalls could develop. Nevertheless, the
modeling approach could ultimately represent an important and a cost-
effective tool for describing the migrational and distributional patterns

1 fish stocks as a function of environmental factors. Under the

o
k!
]
o
o
bt
purs
o

assumption of validity, the present model has predictive capabilities

which could be used in support of opinions regarding impact levels.
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APPENDIX

This appeudix contains computer-generated maps of the Sagavanirktok
River Delta deplcting results of fish model simulations. Listed in
chronological order fopr the pericd ¢ July-28 July, the maps denocte the
simulated daily distributional patterns of 200 Arctic ciscc. Figure A-1
shows the fishs' random distribution at the start of the 20-day simulation
period. Humbered circles on the maps indicate the location of LGL's

directional fyke net stations.
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