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| NTRODUCT! ON

The Arctic Ocean has been described-by various authors as the | east
productive of the world oceans (Ryther, 1963; Appolonio, 1959; Dunbar,
1970) . Even a casual study reveals several abiotic factors which contribute
to the low amunts of carbon fixation: (1) the presence of a pack ice cover
severely attenuates incomng energy to the water colunm (2) annual nelt in
the summrer results in stabilization of the watercolum and this stability,
preserved and protected from wnd destruction by the ice cover, restricts
mxing of deep water nutrients into the euphotic zone; (3)for approximtely
six nonths of the year the sun is below the horizon and photosynthesis is
i npossi bl e; and, (4) for the remainder of the year, low solar angles reflect
nmuch of the incomng radiation” into space even if open water is available. It
is not surprising therefore that productivity is very low and reaches
significant proportions only in the coastal regions where the lower latitude
earlier nelting, and turbulent mxing fromwnd and currents allow
phytopl ankton growth.  This productivity along the Arctic Ccean margins is
evident in an abundance of larger consumrers and their [imtation to the
marginal waters has been attested by explorers who were reduced to near
starvation during their travels in the high arctic oceanic regions
(Stefansson, 1921). In recent years, primary productivity data obtained from
ice breakers and ice island stations have provided a quantitative base for
estimating carbon fixation rates in the Actic and these have been synthesized
into broad scale productivity “zones” by Koblentz-Mshke et al. (1970). They

have estimated carbon fixation in the coastal zone of A aska (less than 200
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mles offshore) at approximately 50 g C/rfyr and further offshore production

was shown as |ess than 50 g C n¥.

This section will deal with the primry productivity in the Sinpson
Lagoon-barrier island ecosystem The estimtes of carbon fixation are
conpared with other inputs of carbon to the systemarising from shoreline
erosion and fluvial input from the Kuparuk and Colville Rivers. Finally, the
ecol ogi cal inportance of the terrestrial carbon sources is assessed relative
to marine phytoplankton production based upon carbon isotope abundances in
consumer organi sms from Sinpson Lagoon. Personnel of LG.-Alaska did not
performany of the primary productivity studies and the principal work was
undertaken by the author who cooperated with the LG-study to provide
estimates of energy influx and to determne the role of peat detritus in the
| agoon foodweb. Mich of the information presented herein has been synthesized
fromthe annual and summary reportsof RU 537. W haveselected Perti nent
information from this |arge-scale study and have expanded the detail to define
the role of primary production in the Snpson Lagoon-Harrison Bay area.
Readers are encouraged to seek the Cunulative Sunmary Report of RU 537 and the
final reports of RU 359 (R Honer) for additional information on offshore

areas and the Prudhoe Bay area.

NUTRI ENT DYNAM CS

Sources and Standing Stocks

In order to estimate the nutrient pools available to phytoplankton at the

onset of growth in spring, we have assenbled past and current data on nutrient
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concentrations in Sinpson Lagoon collected by the author in previous studies
(Schell, 1975) and for NOAA- OCSEAP over the past few years.

Wthin Sinmpson Lagoon, circulation beneath the ice becones severely
restricted in late winter as the ice cover approaches maxi numannual thickness
of 1.6-2.0 m By My, nutrienti concentrations reach annual naxim as
thermohaline convection of offshore water has replaced | agoon waters during
the course of the winter and solute exclusion has contributed to further
concentration. Figure 1 and Table 1, from Schell (1975) shows stations
sanmpled in western Sinmpson Lagoon and the corresponding nutrient and salinity
concentrations at these locations. A plot of salinities versus nitrate
concentrations yields a linear relationship indicating the solute exclusion
during freezing is the primary cause of the wide variations in
concentrations.  These data have been suppl emented by periodic surveys during
1978-1982 which yielded similar concentrations confirmng the overall nutrient
standing stocks present during the prebreak-up period. The mean nitrate
concentration of 6.4ug-atoms N'liter and 0.99ug-atoms/liter phosphate-P
yields an N:P ratio of 6.4 and indicates a severe nitrogen linmtation relative
to phosphorus once plant growth is established. However, the ice al gae
popul ations in Sinpson Lagoon were found to be very low and the rapid influx
of meltwater once break-up commences effectively alters the water column
environment t0 the point that growth by marine species is termnated as
sediment-laden freshwater fills the [agoon.

Chronol ogi cal |y, the water-colum environment of Sinpson Lagoon can be
separated into four periods with characteristic nutrient and salinity

concentrations:
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March - mi d-May. Under-ice waters ceatain uniform vertical salinity and

nutrient concentrations with spatial variations reflecting freeze
concentration in shallower areas. The areas of less than 1.5 mdepth are

overlain by bottomfast ice.

MidMay - mid-July. An abrupt drop in salinity occurs as break-up

flooding from the Kuparuk, Colville, and Sagavanirktok Rivers flush
saline waters from the |agoon and inter-island channels with turbid
fl oodwaters containing large quantities of suspended organic and
inorganic matter. In spite of the large influx of freshwater, however,
areas of the lagoon bhottom are overlain with a layer of dense saline
water (approximately 40-45°/00) remnant from W nter conditions. Tnis
bottom | ayer persists well into the sumer and di sappears only after open
water allows wind-mxing” to'the bottom Nutrient concentrations during
this period are typical of river floodwaters and contain higher inorganic
nitrogen concentrations relative to phosphate than the marine waters
(Hamlton et al., 1974).

The rapid spreading of the river waters over the [agoon ice deposits
a dark layer of sediment onto the ice surface which drastically decreases
the alvedo and accelerates the melting of the lagoon ice. As the
tenperature of the river water increases, melting spreads seaward from

the deltas and by 15 July, the lagoon is largely ice free.

Md-July - late Septenber. The open water season in Sinpson Lagoon is

characterized by a wind-nmixed water column that is warmer and |ess saline
than outside of the barrier islands. During calmspells or periods of

heavy rainfall, the river water spreads over the surface establishing
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Figure 1.

Under-ice nutrient and salinity sample stations, Spring, 1971 (from
Schell, 1975).

Table 1. Nutrient and salinity data for
stations shown in Figure 1 (from Schell, 1975).
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striking profiles of salinity and tenperature with surface values of less
than 4 %o salinity and 6% overlying water of 20 */mand 1.3%C &t

2.5 m depth. Typically, however, wi nd mixing proiuces a honbgeneous
wat er colum of 20-30 /00 and tenperatures between O-4*C.  Nutrient
concentrations are very low during this period due to phytoplankton

upt ake and only where river water enters the systemdo nitrate

concentrations exceed 0.5ug-atom Nliter.

M dSept enber - February. By |ate September, fresze-up in the uplands

cause a rapid decline in run-off volune and ice ecover forms in the
enbaynents. By md-Cctober nost of the |agoon is frozen over unless
storns shift the ice cover about. Freeze-up is rapid and ice accretion
occurs at around 1 cmday although areas where slush ice has accunul ated
through wind stress, the ice my be up to a neter thick. This soft mass
of crystals hardens over the course of the winter as congelation ice
penetrates the mass.

Nutrient concentrations begin to rise upon cessation of
photosynthesis in early winter. Instability of the water colum due to
brine exclusion and decreasing tenperatures causes rapid mxing and
thermohaline convection processes replace nearshere waters with offshore
inter of lower salinity. Vertical instability extends to the depth of
the shelf and mxes nutrients into the upper water colum and the
nearshore zone. Additional nutrient input occurs via mneralization of
di ssolved and particulate organic nitrogen and vitrification of the
| iberated anmmonia to nitrite and nitrate. These processes are discussed

in anore quantitative sense below. By | ate February ice accretion rates
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begin to decrease (Schell, 19'?5) and concentrations of nutrients and
salinity are again near annual maxima.

In spite of the long season of negligible phytoplankton uptake (nid-
September - mid-May), nutrient concentrations in nearshore Beaufort Sea
waters prior to the onset of phytoplankton activity are only 10-15
percent of typical pre-bloom concentrations in the Bering Sea or in
sout heastern Alaskan waters: Thus the initial uptake by phytoplankton i S
mich nore constrained and the maxi mum standing stocks of chlorophyl| are

always low relative to maxim in nore tenperate |atitudes.

Erosional and Fluvial | nputs of Nitrogen

Our observations that NP ratios in the inorganic nutrient pools in late
winter were always very low relative to the generally accepted val ue of 15-
16:1 (Fl em ng, 1940) in phytoplankton led us to the prem se that nitrogen
availability is probably limting marine plant growh during nost of the
arctic sumer season. Since terrestrial matter contained a nuch higher NP
rati o of 31:1(Schell et al., 1982) we felt that nearshore inputs could
contribute a high percentage of nutrient requirenments during summer. Although
terrestrial inputs are small relative to total nitrogen stocks present in the
of fshore Beaufort Sea, there was sufficient input to Sinpson Lagoon to require
a quantitative assessment of their inportance.

The two primary sources of terrestrial nitrogen are shoreline erosion and
the Kuparuk River. The Kuparuk River enpties directly into Sinpson Lagoon and
transported organic matter can accumulate during the period of |agoon ice
cover follow ng break-up and nust be carried the length of the [agoon for

transport out during the open water period.
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The inputs from shoreline erosion, in contrast, occur only during the
latter part of the surmer when erosional processes are active. During late
August and Septenmber storm surges inundate the 1-2 m peat bluffs ané wave
action rapidly erodes the permafrost underlying the tundra nmat. Onee
t her moer osi onal niche has been cut under the block, a split occurs ezlong ice-
wedge polygon boundaries and it collapses into the sea. \ve action continues
the erosional processes and very often a "soup" of suspended peat pzrticles
fills the water along stretches of shoreline in the lagoon.

Estimation of peat carbon inputs was acconplished using eroded vol umes
cal culated by Cannon and Rewlinson (1978) and from our soil analyses of
carbon, nitrogen, and phosphorus on sections obtained from Sinpson Lagoon and
other |ocations ‘along the Beaufort coastline.

The estimted volumes from both island and mainland coastal erosion was
determined to be 2.5 x 109w3/yr of which 6.0 x 10"n3 was peat soils. Besed
upon an estimated bulk density of 1.1 ke/dnd and a dry:wet ratio of 0.37
(determned from the average of four Sinpson Lagoon soil sections), the weight
of peat soil is 2.4 X 107 kg. Based upon carbon and nitrogen analyses of soil
sections along the coastline (Schell et al., 1982)approximtely 16 percent by
dry weight is carbon (3.9 x 10°kgC). The average C:N atomratio in pest Wes
found to be 16.3 indicating an accompanying 0.3 x 10 kg Nyr is eroded into
the [agoon.

The Kuparuk River drains directly into Sinpson Lagoon and is the only
large river to do so. The Colville River, although 12 miles west of Simpson
Lagoon, discharges a nuch larger volume of water (average annual discharge of
approxi mtely 12 x 10%m3/yr) conpared to the Kuparuk (1.1 x 10%3/yr, Carlson
et 21.,1977), but the discharge flow which enters the lagoon i s estimsted at

only five percent of the discharge volume. This fraction was determined
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during break-up floeding when ice cover prevents wind-Griver transpert and the
plume of the Colville River entering Simpson Lagoon could be estimated from
satellite imagery. Fromthe ratio of plume area within the lagoon to the
entire plume area the estimte of five percent of total flow contribution to
Sinpson Lagoon Was then made.  Since nost of the annual flow occurs during and
irmediately fol |l ow ng break-up, it was felt that this estimation techni que was
reasonable.  Once open water season arrives, the relative contributions of
Colville River water depends upon wind direction. Under prevailing easterly
wi nds the Colville plume is driven westward in Harrison Bay and does not enter
the lagoon. Under westerly winds, however, the plune travels along the
coastline and around oOliktok Point and enters the lagoon. This was shown when
surface drogues released in the main channel of the Colvilie River “and in
eastern Harrison Bay under westerly wind conditions were recovered from the
shoreline southwest of 0Oliktok and the |agoon side of the barrier islands
(Kimey et al ., 1971).

Cal cul ation of transported organic metter to Sinpson Lagoon fromthe

Colville and Kuparuk Rivers used the following data and assunptions.

1) Colville River flow = 12 x 109m3/yr (5% enters the lagoon)
2) Kuparuk River flow = 1.1 X 109m3/yr‘

3) Total organic C = 12 mg/liter

The total organic carbon value was based on limted sanpling (three
intervals) by U S. GCeological Survey personnel (C. Sloan, personal
comuni cation).  Samples were taken early in break-up, near peak flow amd I N
m d-August. The 12 mg/liter value is a weighted average based upon the

discharge data for the sanpling period. This concentrati on was appliedto
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Table 2. Carbon and Nitrcgen Inputs to Sinpson Lagoon (kg C/yr)

Primry Production
Estimated from ™ G uptake
Estimated from nitrate-N supply
Estimated from regenerated- N (amonia)
Total frominorganic N
Estimted faunal food requirements

Shoreline erosion

Fluvial input
Organi ¢ carbon
Kuparuk River ( 100%
Colville River (5%)
Total carbon fromrivers
Total terrestrial inputs”

Nitrogen i nputs (kg N/yr)
Organic nitrogen
Shoreline erosion
Kuparuk River ( 100%
Colville River (5%
Total organic N input

I norgani ¢ nitrogen
Shoreline erosion
Kuparuk River (100%
Colville River (5%
Total inorganic N input
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1.2-1.7 X 106

0. 6x 10°
0.4-0.8 x 10°
1.0-1.4 x 108

0.8-1.6 x 10°

4x‘lO6

13X 106
Tx 106
20 x 106

24 X 10°

0*3X 106
0.9X 108
0.5 x 106
1.7 x 106

1x 103
25x 10°
46 X 103
71 x 103



colum during fall storms or the presence of drifted snow can attenuate |ight
penetration to intensities below that required for growth. O her abictic
factors such as brine concentration in shallows or the presence of freshwater
runoff beneath the ice may stress algal pepulations and retard growt h.

As a result, within a few mles of shore, ice algae tends to be patchy
and highly variable fromyear to year. The source of ice algal species in the
spring bloomis not clear, nor the exact mrechanisms by which they are
incorporated into the ice. Al exander and Eorner (1972), Honer (1969), and
Horner (1977), note that the dom nant ice zlgae are not the sane as the al gal
species observed in fall water sanples or post-bl oom phytoplankton. Hanmeedi
(1978), however, found that ice al gae relezsed into the water colum of the
Chukchi Sea were:a maj or conmponent of the phytoplankton biomass. It is
possi bl e that the m crohabitat provided by the ice matrix is sufficiently
different from the water colum that the algal speciation is different due to
differing growth response froma uniformseeding. Algal populations are found
in polar ice at all tines of the year although growth is rapid only in early
fall and late spring (Hoshiai, 1977, Hsiao, 1980; Schell et al., 1982). The
seed stock for the spring bloommy, therefore, be already incorporated into
the ice and when light and habitat conditions are right, rapid growth
occurs.  Meguro et al., (1966, 1967) found high concentrations of algae in the
Chukchi Sea ice in August and Honer and Schrader (1981) suggested miltiyear
ice as a source of ice algae. The major szmpling effort in this project has
been to cover = broad area with the hope of being able to approximte total
carbon inputs rather than describe in detail the seasonal progression at one
location. This latter aspect was addressed by Research Unit 359 (Honer and
Schrader, 1981) and the reader is urged to see this work for a detailed

description of the ice al gal bl oomand speciation. W Summarize bel ow the ice
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algae data in Schell et al. (1982), and describe the potential inportance of
this source to the nearshore ecosystem

Studies of distribution and productivity of ice algae in the Al askan
Beaufort Sea (and the Chukchi Sea at Pt. Barrow) have been conducted by
Al exander et al. (1974), Horner et al. (1974), Schell (1980), Homer and
Schrader ( 1981 ), and Schell et al. (1982).

Qur studies have sought to estimate the extent of areal distribution of
ice algae and to assess their role as a carbon source in the nearshore
ecosystem Data to date indicate that ice algae make a small contribution to
the annual production and that their ecological role is still somewhat
uncertain. Al though ice algal production occurs during the early spring prior
to the phytoplankton bl oom and represents a spatially concentrated source of
food, there is little indication that a significant fraction of this carbon is
grazed during the period of growth. We find that the ice algal |ayer tends to
increase rapidly in density in response to increasing light and to penetrate
the ice crystal lattices for several centinmeters up from the bottom G azing
by filter feeders appears very restricted in this crystal matrix. Cores
obtained from Sinpson Lagoon were occasionally observed to have anmphipods in
this mtrix with a readily evident hole having been made up into the ice.
Although the al gae were gone from the inmediate vicinity of the hole, the area
grazed was only a small fraction of the overall population. Access to the
algae living in the ice matrix is obviously a major factor retarding the
exploitation of this otherw se concentrated food source to herbivores. It
shoul d al so be noted that the population of herbivores is lod in Sinpson
Lagoon in early spring (Griffiths and Dillinger, 1981) and the larger
popul ations offshore may graze the ice algal resource there nore

effectively. However, we generally observed higher densities of ice algae
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of fshore indicating that substantially nore effective grazing is unlikely or.
insufficient to depress zlgal bionmass. (Sze al so A.G. Carey, Research
Unit 006. )

O the potential factors limting ice algal growth, 1light intensity

appears to predom nate. Alexander et al. f1o7%) found that growth occurred

above a light threshold which varied betwsen the two years of the study. In
1972, growt h occurred above 0.042 1y/hr {zpprorimately 1.8>E/nf-see) and in
1972, the threshhold was at 0.171 iy/hr (7.25uE/m? sec). This difference in
threshold |ight levels may have been due to differences in species

conpositions as in 1972 Nitzschia frigida was dom nant, while in 1973 Navicula

marina was nost abundant.

In Schell et al . (1982) we used data from Al exander et al. (1974) and
Homer and Schrader (1981) to denonstrate that ice algal growh could best be
described by an exponential bimodal growth curve With the first peak occurring
near the end of April and the second near the end of May. The magnitude of
the first peak is smaller than the second in these data sets although at other
| ocations and years this may not be true. Our own sanpling progranms showed a
wide range in algal biomass in the coastal ice sheet but since our sanplings
were one-time events in late Miy, our data offer no substantiation with regard
to the phase of the bloom. The data of Appolonio (1965) indicates a biomodal
growh curve for ice algee near Devon Island Wth the first peak being the
larger. It should be noted, however, that the 1972 data from Al exander et al.
( 1974) indicate only one peak in late May.

| ce al gae appear to thrive beneath the flat ice pans that typify the
W nter landfast ice outside of the barrier islands. |n early April, pans
whi ch had thinner snow cover than the immedizte surrounding arez of rough

pressure field ice due to wind action were found to have visible ice algal
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popul ations on the bottom It appears that the snow is blown off the smooth
pans and is trapped in the rough ice leaving the flat areas with relatively
thin snow cover, often less than 10 cm If the ice beneath is clear, the
algae respond to the higher light intensities available in these areas. W do
not have data on ice algal densities beneath pressure fields due to the
difficulties encountered in coring piled ice. It is reasonable to expect,
however, that the increased snow cover and particulate | oading usually found
in piled ice would effectively prevent light penetration and inhibit algal
growt h,

Wthin Simpson Lagoon, the ice cover is usually uniformand overlain with
drifted snow. Since the lagoon is shallow, nuch of the ice is bottomfast and
brine exclusion in deeper areas raises the underlying water salinity in excess
of 65ppt in locations with restricted circulation (Schell, 1975) . Ice algal
popul ations were snmal |l and variable. Al though quantitative measurenments were
obtained at only a few stations, we did not observe visible ice algal bands in
bottomice during inter sanpling operations. In western Sinpson Lagoon, off
Oliktok Point and in the island passes, rough ice was w despread and | aden
W th sediment which may account for the lack of ice algae in that |ocation.
Based upon the observed lack of visible ice algae in ice cores and the | ow
standing stocks measured (<50 my C/m®), we estimate that less than 0.1 g C/'ni
is fixed by ice algae within the I agoon system. Since much of the area is
overlain with bottonfast ice, the annual variation in average ice algal
productivity woul d probably be small even if the ice cover were unusually free
of sedinment. The conbination of deeper snow depth and [imted area available
woul d not allow a major contribution to annual production fromthis source.

In addition, the effective growth season for ice algae i S subject to

foreshortening due to influx of river water fram the Kuparuk and Colville
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Rivers. In a typical year, the onset of spring flow occurs around 20-25 May
and the stress applied to marine di atom popul ations by this fresh, turbic
water woul d probably be sufficient to termnate any blocz in progress.

Based upon the conditions described above, we hzve concluded that thre
role of ice algae as an energy source to ccnsumers in Simpson Lagoon is
mnor. Although popul ations of al gae were found to be much denser offshcre
and in clear-ice areas of Stefansson Sound, the short growing seeson and
inaccessibility to consuners appear to relegate this carbon source to z cinor

rol e in nearshore trophic energetic.

Phytoplankton Primary Production

The water column in Sinpson Lagoon during the sumer season and early
fall when phytoplankton carbon fixation is active i s characterized by low
nutrient concentrations and extrenely euryhaline and eurvthermal conditi ons.
As a result, carbon fixation rates are low and wind-mxing and turbidity from
river plumes also reduce fixation rates. Primary productivity neasurenents by
Al exander et al. (1975) showed a decrease in production from Oliktok to
Beechey Point which may be due to the proximty of the Kuparuk River nouth at
Beechey Point. Al though the productivity data available are from August, the
close simlarity in rates between the values observed in Sinpson Lagoon,
Harrison Bay (Schell et al., 1982), and Prudhoe Bay {(Coyle, 1974) indicate
that extrapol ation of observed rates to earlier and later in the season is
reasonable. The largest data gap enconpasses the period between the decline
of ice algae in June and open water in late July. Based upon the nitrate-N
available in the water colum, weprojected aminimm of one gram C/m? fixed

by ice algae and phytoplankton prior to open water. This val ue, althoug:
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conservative, is consistent with the very ow phytoplankton productivities
mezsured i n June and early July off’ Narwhal |sland (Honmer =znd Schrader, 1981;
Screll et al., 1982). These production retes are also similar to those
mezsured i n Harrison Bay west of Sinpson Lazgoon and in Prudmoe Bay to the

east . Our measurements are |isted in Table 3. These data Fave been

composited and used to contour carbon fixation as shown in Figures 3 and 4 and
2 sumary ©f all deta excent the icebreaker data of Homer ,( 1980) are listed

in Tables 4 and 5. Offshore, primary production rates increase in response to

t he stable water columm and increased clarity coupled with oceasional wind- .
m xi ng of nutrients into the euphotic zone during storns. An overall estinate
of Al askan Beaufort Sea productivity has been made by Schell et al. (1982) and
these data are cénsistent with the rates observed in Sinpson Lagoon. Figure

2, A-D shows the stations where primary productivity data hzve been obtained
on this project and Figures 34 and 3B show primary production contours for the
Si npson. Lagoon- Haz-risen Bay region. For a nore detailed description of ice

21gal production and phytoplankton production in other areas of the Alaskan

Beaufort Sea, the reader is urged to see this report.
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Table 3. Primary productivity neasurenents from
Sinpson Lagoon and adjacert waters, 1978-1981.

Primary
~ | dent. Depth  Produc ivity
O fshore Station No. Location (M (mgC'm™>hr™'")
17-18 June 1980 4 1 7002u 6'N 149950.4'W g 0.0
202 2 70044 8'N  149927.1'W 12 0.4
808 3 70%4C.7'N  148953.4'W O 0.3
6 0.0
12 0.2
Lead 4 70°38.3'N  147°20.3'W 1o2 0.1
0.0
Seal Hole 5 70°38.6'N 146°0.20'W 0 0.2
12 0.0
2 July 1980 220 6 70%L,8'N 149%27.1'w O 1.1
12 0.6
880 7 70°50.7'N 118%°53.4'Ww O 0.8
6 1.0
8 8 70°30.7'N 148953.4'W O 9.7
6 0.0
12 0.0
Harrison Bav
7-15 August 1980 25 9 70°34.1'N 151 ©15.6'W O 0.2
3 0.2
6 0.4
24 10 70°33.5'N 151°00.0'W O 0.2
3 0.4
6 0.5
34 11 70°33.5'N 151 ©17.1'Ww O 0.1
3 0.2
6 0.3
37 12 70°47.2'N 151°40.0'w O 0.2
13 9.9
38 13 70°37.4'N 150°49.0'W O 0.2
7 0.5
13 0.3
Si npson Lagoon
17-18 June 1980 1 14 70°31.8'N  149925.2'W O 0.1
2 0.2
2 July 1980 1 14a 70°31.8'N 149%25.2'w O 1.7
2 2.0
8-10 August 19781 14b 70°31.8'N  149925.2'W O 0.2
0 0.2
0 0.4
0 0.6
0 0.5

91



Table 3. Primary productivity measurements from
Sinpson Lagoon and adjacent waters, 1978-1981. (Continued )
Primary
Ident. Depth Pr-oducgivitj{
St ef fanson Sound Station No. Locati on (m) (mgC'm™>nhr~')
17-18 June 1980 BP 15 70 ©20.5'N 147933.8'W 0 0.0
4 0.1
7 0.0
19 16 70°10.5'N  147%7.0'w O 0.4
5 0.0
Prudhoe Bay
22-24 August 19811 17 70 ©1u.9'N 147929.5'W 0 0.0
4 0.0
7 0.1
2 18 70°16.8'N 147°20.6'W 0 1.1
u 0.0
8 0.0
3 19 70°19.7'N 147°34.6'W 0 0.7
4 0.3
7 0.5
4 20 70°923.0'N 147°U43.2'W 0 1.8
4 0.3
7 0.3
5 21 70926.1'N 147955.9'W 0 1.2
5 0.4
10 0.2
6 22 70925.8'N 148°07.1'W 0 0.8
4 0.7
7 0.0
7 23 70°23.4'N 148°19.5'W (2> 1.0
1.0
8 24 70°26.5'N 148°19.4'W 0 0.8
L 0.4
8 0.0
9 25 70°31.1'N 148°20.9'W 0 1.6
7 0.3
10 26 70°22.9'N 148°928.7'W 0 0.7
11 27 70924, 1'N 148°28.6'W 0 0.9
3 0.9
12 28 70°25,0'N 148°28.7'W 0 0.2
5 0.2
13 29 70°25.0'N 148°31.5'W 0 0.6
4 0.5
14 30 70924 .3'N 148°33.1'W 0 0.2
2 0.0
15 31 70°23.9'N 148°32,.9'W 0 1.5
2 0.2
16 32 70923.9'N 148033 .41y 0 0.8
17 33 70024 ,5'N 148933.5'W 0 0.4
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Table 3. Primary productivity neasurenents from
Sinpson Lagoon and adjacent waters, 1978-1981.  (Conti nued)

Primry
| dent . Dept h Pr'oducgivit
Prudhoe Bay Station No. Locat i on (M (mgC'm™*hr')

18 34 70°25,0'N 148 ©33.4'W 3 0.0
19 35 70024 . 2'N 148°34.6'W 0 1.7
20 36 70°30.0'N 149°08.6'W 0 0.3
3 0.7

21 37 70°32.8'N 149°04.7'W 0 0.8
5 0.1

10 0.5

22 38 70°27.9'N 148°55.0'W (2) 861
23 39 70°28.0'N 148939.5'W 0 0.0
4 0.0

9 0.0

24 40 70°26.1'N 148°45.5'W 0 0.4
1 0.0

26 41 70°30. 4’ N 148%5.0'w 0 1.0
4 0.0

11 0.1

27 42 7024, 3'N 148°31.0'W 0 0.2
3 0.0
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Table 4. Average primary productivity neasurements from Harrison Bay,
Sinpson Lagoon, Prudhoe Bay and offshore of the barrier islands

Primry
Productivity
Sampling Area Investigators Samplin Dat es _ (mgC-m~3-hr=1)
Harrison Bay exander et al., 12-13 August 1971 0.61
This study 7-15 August 1980 0.28
Si npson Lagoon This study 17-18 June 1980 0.18
Thi s study 2 July 1980 1. 86
This study 8-10 August 1978 0.33
Al exander et al. ( 1975) 29 July-26 August 1972 2.83
Al exander et al. ( 1975) 9-15 August 1971 1.85
Prudhoe Bay Coyle ( 1974) 24-29 July 1971 3.46
Coyle ( 1974) 11-15 August 1972 0.95
Coyle ( 1974) 15-19 August 1971 0.59
Schell et al. ( 1982 ) 22-24 August 1981 0.48
Of f shore Homer and Schrader ( 1981 ) 1-31 May 1980 0.07
Honer and Schrader (1981) 2-11 June 1980 0.21
This study 17-18 June 1980 0.15
Thi s study 2 July 1980 1.89
Al exander et al. ( 1975) 1-29 August 1972 2.39

Table 5. Monthly averaged primary productivity estimates from 14C i ncubati ons
for Harrison Bay, Sinmpson Lagoon, erumee Bay and offshore.

Study Area | nvest i gat or Averaged Primary Productivity Values (ng cou3ne-ty
May June July August
Harrison Ba exander et al. (1975 .61
d Thi's st udy (1975) 8 98
Simpson Lagoon This stud 0.18 1,86 0.33
L ! Alexander el):/ al., (1975) 2.21
Prudnoe Bay Coyle (1974) 3.46 0.77
0.48
(ffshore Homer and 1981 0.07 0.09
Schell et al, s(dir%dérZ)( ) 0.15 1.89
Alexander et al. 15 2.39

* NO data availabys fOr Septenmber from nearshore veters. Averaged productivity rates from augst
{1.0 mg C/m3~hr) were used.
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Carbon Ingestion

The data available on Sinpson Lagoon primary and secondary productivity
can be used to conpare the food requirements of consumer organisms with the
amount of organic matter produced by plants. In our calcul ations we have
i ncl uded copepods, mysids, amphipods, and infauna as the naj or organi sns
utilizing phytoplankton. The calculations and assunptions are described below

and the results listed in Tabhle 6.

1) Copepods

a) Average standing stocks in Sinpson Lagoon during the summer are

equivalent to 25 mg C/ nt (Griffiths and Dillinger, 1981)

b) Since linited data are available on Wnter standing stocks we assume
the summer data are representative of the period July-November and
that popul ations decrease to an average value of approximately five

percent of summer (Tarbox et al., 1979).

c) W convert standing stocks to ingestion rates by assumng that
copepods i ngest 40 percent of their body weight per day (Parsons et
al., 1977) and that the same percentage of body carbon is ingested.

2) Mysids and Amphipods

a) Total population growth is calculated fromthe seasonal mysid and

amphipod densities armd the growth equations for first-year class
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Mvsis litoralis and Oni Si mus glacialis Since these are the dom nant

speci es present (Griffiths and Dillinger, 1981).

h) Gowh is related to ingestion using a gross growh efficiency of 10

percent (Parson et al., 1977).

3 ) Infauna

a) I nfauna biomass is about the same as epifauna (Crane and Cooney,
1974), so we have assuned that infauna ingest the same amount of
carbon each year as nysids and amphipeds. Food is assumed to be

Si nking phytoplankton or fecal pellets derived from phytoplankton.

b)  The summer rates are assuned to be twice the winter rates due to

tenperature and salinity changes.

Fromthe results in Table 6 wecal culated the total amount of carbon
I ngested each year by secondary consuners to be approximtely 6.7 g O nP.
This was based upon food requirements for amphipods, copepods and i nfauna
derived from average annual densities in Sinpson Lagoon. |f these organisns
have assimlation efficiencies near 60 percent (Parsons et al., 1977}, their
carbon assimlation is 4.0 g C/m2yr~!. W estimate annual primry
productivity in Sinpson Lagoon to be 5-7 g C/m~2yr~! fromthe data of
Al exander et al. (1975), and therefore, find ecol ogical efficiencies of 60-80
percent. These val ues are higher than the usual 20 percent (Parsons et al.,
1977)but are certainly within the range one m ght expect considering the

assunptions an¢ data available. It would seemthen that the primary and
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secondary productivity data appear to balance. Figure 4 presents our findings

in a box nodel illustrating the major carbon fluxes wthin Sinpson Lagoon.

Regeneration of N trogenous Nutrients Through Grazing

In determining the amount of nitrogen available for phytoplankton growt h
we can identify four major sources. These include the inorganic nitrogen
(nitrate and ammonia) present in the water column at the onset of growth, the
fluvial i nputs of nitrate and amonia from the rivers during runoff season,
nitrogen (primarily amenia) regenerated by secondary consumers, and ammonia
rel eased fram the large quantities of organic nitrogen in the peat transported
to the lagoon by the Colville and Xuparuk Rivers and from shoreline erosion.

The initial quantity of inorganic nitrogen in the Sinpson Lagoon water
colum in late winter is principally nitrate-N and is calculated to be 54mg-
at ons N_/mz, comng from 2 mof melted ice wWith a concentration of 1.2 mg-atoms
N nmiand 0.5 m of hypersaline water containing 6 nmg-atons N ni(Schell, 1975;
Schell et al., 1982). The nitrate represents the sum of advected nitrate and
accunul ated vitrification products arising from w nter ammonification
(regeneration) and further biooxidation.

Regeneration by secondary consumers i s determned by assuming that all
nitrogen in ingested organic matter which is not used by growh is readi ly
made avail able to phytoplankton either as excreted ammonia or as fecal pellets
which are rapidly mneralized at the sedinment-water interface. Loss to
sedinments (burial) is believed negligible in this context. Since the gross
growth efficiency is assuned near 10 percent, 90 percent of the nitrogen
i ngested by herbivores and detritivores from July through Septenber is

regenerated. Using the calculations of carbon ingestion detailed above
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Table 6. carben ingestion by secondary consuners

in Sinpson Lagoon

I ngestion
(gcemd
Group Jul'y - sept. Oct - Mid-Feb  Mid-Feo - June Total
Copepods 0.9 0.6 0.1 1.5
Wsi ds 1.1 0.2 0.1 1.3
Amphipods 0.5 0.6 0.2 1.3
Inf awna 1.0 0.8 0.8 2.6
Total 3.5 2.2 1.0 6.7
Inorganic 1.2-1.7
carbon —| Phytoplankton
Zooplankton
Epifauna
h4 Infauna
Marine derived
detritus
Kuparuk
i <0.2
River 13
Colville N Peat
River v detritus
4
Shoreline
erosion
Figure 4. Annual carbon fluxes in Simpson Lagoon (X 106kg).

Although organic carbon input from peat is much larger
than in situ fixation, isotopic analyses of fauna show
very little utilization of terrestrial carbon in the
marine environment.
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Figure 5. Box model of nitrogen fluxes in Simpson Lagoon. Due
to the shallow water depths beneath the ice in Spring,
nitrate contributions to the annuaT3budget are small
relative to recycled ammonia N (X10°kg).

period (Schell, 1974). We are forced to conclude that mneralization of
organic nitrogen in peat is too slow to contribute significantly to standing
stocks of ammenia and nitrate in Sinpson Lagoon during winter months. The
reason for the contrastingly high rates observed in the Colville Delta and
Dease Inlet are unknown. Sinmilarly, Elsen Lagoon near Barrow showed an in
Situ increase in nitrate nitrogen equival ent to about 0.1 ug-atom N/liter-day
(Schell, 1974) in waters isolated behind a bar overlain by bottomfast ice.
The trivalent nitrogen supporting this vitrification was nost 1likely supplied
by eroded terrestrial organic matter as this is the only mgjor input to the
systemin that area (Lewellen, 1970). Sinpson Lagoon, which has relatively
unrestricted thermohaline driven circulation until late winter (Mtthews,

1980) does not accumul ate readily measurable quantities of nitrate.
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therefore, nuch less and we must usually [ ook for either sub-lethal effects or

- secondary inmpacts en consuners.

Within a specific area such as Sinpson Lagoon, developmentzl irpacts can

be ranked Wth regerd to their detrinmental effects on production by their

denial of a given zrea for primary producers, usually through alterztion of

water quality or chemstry.

1)

2)

Permanent |oss of productivity in an area would result froz i npoundnent,
filling or causeway construction which woul d SO restrict wzter novenent
that species normally tolerant of the nearshore water quzlity would no
| onger grow. Similarly, if restriction of circulation prevented access

by grazers during the ice-free season, the net effect would be the sane.

Epi sodi ¢ loss of primary producer habitat could occur throzgh accidental
oil spills or discharge of phytotoxic chem cals that wouléd rencer an area
unsuitable for growth. Flushing time and dilution of the pollutant
determnes the recovery rate in this case due to the ubiquitous nature of
seed populations and rapid growh characteristics. Since the nost severe
I mpacts from this type of event will occur in the consuners present at

the time, major concerns are probably el sewhere.

3) Chronic discharge of sub-lethal pollutants (e.g., heavy metals,

chlorinated hydrocarbons). This type of devel opnental inpact has the

nost potential for ecosystem stress when evaluating inplications

associated with primary producers. Since the microalgal popul ations are

di spersed throughout the water colum and are effective accumulators of
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nutrients and pollutants from |ow anbient concentrations, they represent
the first critical step in biomagnification. As a rearing area of
juvenile invertebrates and a preferred habitat for the anadromous fish,
Simpson Lagoon appears to be nost sensitive to this type of inpact.
Riverborne pollutants such as persistent pesticides or heavy metals would
be quickly scavenged from nearshore waters and passed up the short food
chains. Athough the organisns of |ower trophic levels are characterized
by short life spans and may not reveal deleterious effects, the apical
organi sms such as the anadromous fishes and oldsquaws might achieve
serious body burdens. In the case of the anadromous fishes, which are
used as food by human popul ations, a potential health hazard i s invol ved.
It nust be enphasized that we are concerned with the relatively warm
bracki sh nearshore waters that characterize Sinpson Lagoon and other
simlar areas to the east and west. The small vol unme and discrete nature
of this water type make it especially sensitive to pollutants since it
acquires its nature through the input of runoff in which the potential
chronic pollutants are nost likely to be transported. Even if coproduced
brines are discharged offshore in the future, mich largsr quantities of
pol lutant would be required to appreciably change anbient concentrations
due to the greater honogeneity and volune of receiving waters. Truett
(1981, p. 307)points out that the “Sinpson Lagoon” type ecosystem
actual Iy extends hundreds of kilometers east and west =zlong the Beaufort
Sea coastline but only a few kilonmeters offshore. Schell et al. (198.2)
point out that the energy sources supplying the ol dsquaws, phalaropes,
anadromous fishes and freshwater fishes are closely intertied through the

seasonal dependencies of the organisns on freshwater hebitat and that the
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1)

demarcation between coastal and pelagic foodwebs occurs a short distance
from shore. Only the arctic cod, which enters the brackish water zone in
| arge nuw.crs, IS an apparent foodweb |inkage to pelagic apical organisns
(seals, polar bears). In view of the above, it appears that

devel opmental inpacts vary inversely in ease of assessment and potentia

ecosyst em damage.

Major shoreline alterations or inpoundments decrease primary production
in area-dependent amounts. Inpacts are probably small in view of the

size of the coastal ecosystem and the faet that for nost cases, the

"coastline" 1S nmerely noved.

Epi sodic events, simlarly, can be risk assessed and the inpact on
primary production will probably be short-lived and limted in scope. A
maj or event (e.g., blowout) could, however, spread aleng the coasta
ecosystem I n patterns analagous t0 warm water transport and devastate
Production for the duration of the event. Nevertheless, the ngjor

I npacts of such an event would be far nore severe on apical organisms.
Recovery time woul d depend upon many factors but primary producers woul d
be among the quickest to recover due to the passive infiltration

nechani snms of the popul ation.

Chronic pollutants present the nost difficulty for inpact assessnent and
the nost potential for ecosystem perturbation. \Wen considering the

limted habitat available and critical dependence of the apical organisns
(oldsquaws, phalaropes, fishes) on this habitat, the inpact of cumulative

pollutants i S potentially serious. Discharge pernmits and construction
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designs need to be evaluated with cognizance of long-term effects

resulting from sub-lethal concentrations of toxic materials.

Peat Detritus

Al though peat has been shown to be a substantial energy source to
freshwat er foodwebs, its role in the marine environnent is still uncert ain.
Peat supports active mcrobial populations and since it contains large anounts
of nitrogen, the respiration and mneralization processes may contribute to
the nutrient requirenents of photosynthetic microalgae. The overal |
significance of these processes is questionable, however, due to the
uncertainty regarding relative rates of mneralization and transport
of fshore. Another potentially very inportant facet regarding the presence of
peat in the nearshore zone is its role as a scavenger and co-metabolite of
pol lutants. The polyneric andaromatic nature of lignin coupled with a high
cation exchange capacity make peat a |ogical candidate as a sorbant of
hydr ocar bons, chlorinated hydrocarbons, and heavy netal ions. It is possible
that peat could serve as an accunul ator of these pollutants and, in the case
of hydrocarbons and halogenated conpound, =zct as a co-netabolize in their
bi odegradat i on.

Simlarly, absorption onto peat particles would serve to immbilize heavy
metals until transport mechanisms disperse the peat offshore. Since peat does
not enter the nearshore marine food chain to an appreciable extent, sorption
onto peat particles would effectively renove a pollutant fromthe
macrobiota. This is in direct contrast to the alternative pathway which is
accunul ation by phytoplankton that are grazed by zoopl ankton and epibenthic

I nvertebrat es.
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DATA GAPS AND RESEARCH NEEDS

The studies conducted over the last few years have produced major

insights into the energetic of the Beaufort Sea ecosystem  The process

studies have allowed the devel opment of reasonable inpact assessnent and an

approxi mation of the severity of various potential disturbances. These in

turn have led to the follow ng questions for future study in the nearshore

Beaufort Sea.

1)

The role of peat in the nutrient dynamcs of nearshore waters is poorly
understock. The relative rates of mneralization versus transport
of fshore are unknown. Since the nitrogen in peat is many times greater
than the maxi mum inorganic standing stocks in Sinpson Lagoon., the

potential inportance is great.

The rates of advection of water beneath the i ce to Simpscn Lagoon and t he
nearshore areas in general are poorly described. In adgdition to having
direct inplication in the translocaticn of peat and nutrients, underice
circulation will be a major governing fzetor in the impacts of pollutants
di scharged beneath the. ice. Although urderice circulation is principally
a physical oceanographic problem the bearing on rearstore ecol ogical

processes is evident.
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3)

4)

The role of peat as a potential scaverger and co-metabolize in the

bi odegradatiorl of |owlevel pollutants needs i nvestigation. Until we
know the efficacy of this nundane substencz as a sorbant for hydrocarhbon
and as a cemplexation agent for heavy metals, it will be difficult to
predict. the severity of inpacts resulting from discharges of drilling
muds, sewage effluents and coproduced brires into the marine

environment. W will al so need to know bi odegradation rates of

pol lutants by peat-associated microflora and the transport vel ocities of

peat particles in the nearshore ecosystem

If the experimental studies in 3)reveal that peat is effective as a
sorbant of pollutants, further study is indicated on tre use of locally
mned peat as an aneliorating agent in the case of accidental oil spills

or discharges of toxic wastes.
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