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PREFACE 

The Arctic Coastal Plain i s  a f l a t  
or gently ro l l ing  area of tundra which 
covers the en t i r e  coastal region of 
northern Alaska. The grasses,  sedges, 
and waterbodies are covered with i ce ,  
snow, and s i lence fo r  9 months of the 
year, b u t  lakes,  ponds, marshes, and 
birds abound for  the brief summer. This 
en t i re  region -is almost p r i s t ine  today, 
b u t  only because the mountains of the 
Brooks Range isola ted northern Al aska 
from the roads and development of the 
r e s t  of the s t a t e .  Before the recent 
o i l  boom, only a few Eskimo vi l lages  and 
radar s i t e s  were present along the  coast  
and the population was l e s s  than 3,000 
people in an area the s ize  of Lake 
Superior. 

Changes have come with the develop- 
ment of o i l  f i e l d s  a t  Prudhoe Bay. An 
a1 l -weather hi ghway , compf eted in 1975, 
ca r r ies  t rac to r -  t r a i  l ers  to  the Arctic 
Ocean and may soon be opened to  the 
public, tdhile only two o i l  s p i l l s  of 
consequence have occurred since the 
trans-A1 aska pipe? i ne began operation,  
many hectares of the coastal plain have 
been covered by roads, a i r f i e l d s ,  gravel 
d r i l l ing  pads, and pipelines,  The roads 
have changed drainage patterns i n  many 
places and created and destroyed wetlands, 
These changes will continue as new o i l  
f i e l d s  a re  sought and devef oped an the 
coastal plain and under the Arctic Ocean. 

Ecol ogica7 sc ien t f s t s  have long been 
a t t racted to the Arctic both because of 
the excitement of exploration where wi 1 d- 
l i f e  i s  abundant and because of the oppor- 
tuni ty to  study envi ronments unaffected 
by fiari. inve;tii;ga*,~rs 2zvc elsc zsed 
a r c t i c  haht ta ts  to test  typotheses about 
general ecological pri nci pl es an3 t o  
analyze the e f fec t s  of cei-tafn environ- 

mental factors  t ha t  may vary together i n  
temperate regions. As a r e su l t  of the 
s c i en t i f i c  i n t e r e s t  and of the presence 
of oi l  development, there i s  a great  deal 
known about the wetlands of the Arctic 
Coastal Plain. 

This community prof i le  synthesizes 
much of the information on the ecology of 
these coastal plain wetlands. I t  will 
provide background and information needed 
by government planners and environmental 
s c i en t i s t s  whose decisions will inf l  uence 
the future of t h i s  vast  region. I n  addi- 
t ion,  i t  will provide students,  scien- 
t i s t s ,  and laymen a be t te r  understanding 
of how a r c t i c  ponds and wetlands function, 

The prof i l e  emphasizes the environ- 
mental conditions and ecological interac- 
t ions tha t  produce these par t icular  wet- 
1 and communities, The communities are 
described here, b u t  we now know enough 
about t he i r  ecology t ha t  the controls of 
processes and species can a l s o  be d is -  
cussed. I t  i s  usually tk dfsruption of 
these controls ,  such as changing the 
water movement i n  a s a l t  marsh or  the 
nutr ient  cycle o f  a lake,  tha t  causes 
unpkanned o r  unexpected changes. 

The t ex t  includes descriptions of 
the communities as  well as of ecological 
processes. An  introductory descri ptian 
o f  the Arctic Coastal Plain -is followed 
by a discussion of tne types of wetland 
habi ta t  found there,  Next, the pktysSca4 
and chemical environment i s  described 
w i t h  special emphasis on the control?ing 
jnfhuence of the permafrost and of the 
phosphorus cycT e, The fol l  owing chapter 
gSves detaiS.: o f  the pgants and animals 
and of t he i r  seasonal abundance, After 
th.Ss, %he food chains, the cyc.1 i n g  of 
carborr, energy f l o w ,  and the controls 



a c t i n g  on these wetland ecosystems a re  
discussed. F i n a l l y ,  human e f f e c t s  on 
ponds, wetlands, and t h e i r  processes a re  
described. 

Most o f  t he  d e t a i l e d  s c i e n t i f i c  
s tud ies  o f  a r c t i c  wetlands have deal t 
w i t h  small ponds i n  the coasta l  p l a i n  
and, o f  necessi ty ,  so does t h i s  community 
p r o f i l e .  Although r i v e r s  and l a rge  shal-  
low lakes are  a l so  important  par ts  o f  t he  
wetlands o f  the  A r c t i c  Coastal P la in ,  
they are n o t  discussed i n  t h i s  p r o f i l e .  

This r e p o r t  i s  one i n  a ser ies  o f  
comunr' ty p r o f i l e s  on important  coasta l  
ecological  communities o f  the Un i ted  
States. Community p r o f i l e s  are designed 

t o  provide comprehensive reviews and 
syntheses o f  cu r ren t  research r e s u l t s  
and s c i e n t i f i c  l i t e r a t u r e  and t o  a s s i s t  
F i s h  and W i l d l i f e  Service personnel and 
o thers  i n  making sound and informed 
management decis ions on issues a f f e c t i n g  
our na t i on ' s  na tu ra l  resources. 

Any questions o r  comments about or 
requests f o r  t h i s  pub l i ca t i on  should be 
d i r e c t e d  to :  

In fo rmat ion  Transfer  S p e c i a l i s t  
National Coastal Ecosystems Team 
U.S. Fish and W i l d l i f e  Service 
NASA--Sl i d e l  1 CompuLer Complex 
101 0 Gause Boulevard 
S1 i d e l l  , LA 70458 
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CHAPTER 1. 
BMTRODUCTIION 

1.1 DEFINITIOtd AND DESCRIPTION OF THE 
ARCTIC COASTAL PLAIN 

The Arctic Coastal Plain of Alaska i s  
a marshy grassland extending for 900 km 
along the Arctic Ocean from Canada t o  the 
Chukchi Sea (Figure 1 ) .  As this f igure  
shows, northern A1 aska i s  physiographi - 
ca l ly  divided in to  the mountains of the  
Brooks Range, the  f o o t h i l l s ,  and the 
coastal plain.  The plain i s  the f l a t  t o  
ro l l ing  area r i s i n g  gently from the  edge 
of the  ocean to  the  75-m contour where the  

f o o t h i l l s  abruptly begin. In places, the 
Arctic Coastal Plain i s  up to  175 km wide 
from the  ocean south t o  the  75-m contour; 
i t s  to ta l  area ,  70,900 km2, i s  about the 
same a s  the  s t a t e  of South Carolina. 
Small streams are ra re  but r ive rs  do flow 
across the plain from the  mountains north 
t o  the sea. Innumerable small ponds a re  
scat tered over the  plain along with some 
la rger  lakes (Figure 2 ) .  These ponds and 
lakes a r e  the  breeding grounds of ducks, 
geese, swans, and shorebirds. About 90% 
of the coastal plain is su i t ab le  hab i ta t  

Figure 1. Map of the  Arctic Coastal Plain and location i n  Alaska. The as te r i sks  a r e  
locat ions  studied by Derksen e t  a l .  (1981 1. The National Petroleum Reserve - A 
covers the  area west and south of the Golvi l te  River. 



fo r  waterfowl. Moose are  occasionally 
found in the willow thickets of the larger 
rivers and herds of caribou often reach 
the coast. The most abundant mammal, 
however, i s  the brown lemming (Lemmus 
trirnucronatus), whose dramatic p o p u r n  
peaks occur about every 3 t o  5 years 
(Batzli e t  a l .  1980). 

Despite the desert-l i ke preci p i  ta- 

t ion, 10-30 cm per year, the ground i s  wet 
or moist throughout the short summer, 
which l a s t s  from June unti 1 mid-September. 
Low temperatures and frozen ground l imit  
evaporation and prevent the water from 
sinking into the so i l .  Under these condi- 
t ions,  grasses and sedges grow we71 but 
decomposition does not keep pace and the 
whole plain i s  underlain by peaty, 
organic-rich so i l s .  



For 8 months of the year, the Arctic 
Coastal Plain i s  frozen and covered by 
about 40 cm of snow. In early June the 
snow begins to melt and soon water covers 
much of the ground. By mid-June the ice 
has me1 ted i n  the shallow ponds b u t  may 
linger until mid-July i n  the large lakes. 
Birds arrive in mid-Nay to early June as 
soon as there i s  any open water, and 
congregate in flocks. The flocks soon 
disperse as ducks, geese, and swans move 
to the small ponds for nesting. In June, 
the coastal plain i s  a f l a t  brown land- 
scape, b u t  l a t e r  in the sumer the new 
shoots of grasses and sedges push above 
l a s t  year 's  dead stalks and the tundra 
becomes green. A1 ong the sl i ghtly higher 
riverbanks, flowering p1 ants are abundant 
and some willows may even be found, b u t  
these usually l i e  f l a t  on the ground. By 
mid-August many ponds have dried up  and 
soon the tundra plants begin to t u r n  
brown. Freezing of ponds begins in early 
September and the snow begins to accumu- 
1 ate by mi d-September . 

The continuous sun1 ight during May, 
June, and July i s  one unique feature of 
the Arctic. Another i s  the presence of 
permafrost, or permanently frozen ground, 
underlying the entire coastal plain. The 
permafrost i s  present because the annual 
average temperature (around -1 2 ° C  1 i s  
below freezing. During the summer, when 
a i r  temperature reaches 10"-15"C, the 
upper 40 cm or so of soil thaws. Below 
th is  thawed zone, called the active layer, 
the permafrost extends for hundreds of 
meters (400 m thick a t  Barrow, Brewer 
1958). 

1.2 CLASSIFICATION AND DISTRIBUTION OF 
TUNDRA PONDS AND WETLANDS OM THE ARCTIC 
COASTAL PLAIN 

The classification scheme of Bergman 
e t  a l .  (1977) i s  used here (Table 11, 
a1 though i t  does not include rivers and 
most types of streams. Also, i t  does not 
include areas with saturated soil during 
the growing season (e.g., the scheme of 
Cowardin e t  a1. 1979); most s f  the Arctic 
Coastal 1 a a w e  f have saturated 
soi ls  because of the poor drainage caused 
by permafrost. In the Bergman e t  a l .  
(1977) scheme, ponds are smaller than 20 

ha in surface area and lakes are larger. 
Another important criterion i s  the pres- 
ence or absence of the water sedge (Carex 
aquatil i s )  and pendant grass ( A F c ~ o ~  
fulva),  emergent plants that  o h  
nate these wetlands. The eight classes 
of wetlands are as follows: 

CLASS I : Flooded Tundra. Very shallow 
ponds formed when melt water from the 
spring thaw or, rarely, from rain, 
spreads over shallow, vegetated 
depressions. The depth of the water 
i s  10 cm or less ;  these ponds often 
dry up during July. The basins are 
poorly defined because they are 
enti rely covered w i t h  Carex. 

CLASS I I: Shal low--Carex. Shallow, 
we1 1 -defined ponds containing both a 
fringe of C .  a ua t i l i s  and a central 
open-water-zone maximum depth 
ranges from 10 to 30 cm. 

CLASS I I I: Shallow Arcto hi la .  Ponds 
containina A. fulva - --%- ~n t e central 
zone and "A-fu-r C. aquatil i s  in 
the s h o r e c a r m e .  TKe shores deeo- 
en more rapidly than in Class I I aid 
maximum depths are 20-50 cm. Some- 
times these ponds are formed in 
beaded streams. 

CLASS IV: Deep Arcto hila. Ponds or 
- -+ lakes with open centra zones and A. 

fulva near the shore. the maximi?m 
dept7s exceed 40 cm. These wetlands 
are often formed in drained Sake 
basins. 

CLASS V: Deep--Open. Large, deep 
lakes with abrupt shores and a deep 
central zone. A. fulva i s  present 
over less  than 5%l s f  the lake and may 
be compl etely absent. Maximum depth 
of this class of lakes was reported 
as 1.1 m in Bergman e t  a1 . (1 971 1 b u t  
i s  actually 2 , O  m. Fish are present 
in 1 akes deeper than about 1.7 m ,  the 
thickness of the ice cover. 

CLASS VI: Basin--Compl ex. Large, par- 
t ?a l  f y  draf neb basi ns cavered \rij t h  
water i n  the spring.  By midsummer, 
the water has partially receded feav- 

Carex-covered depressions and i ng 



Table 1. C l a s s i f i c a t i o n  o f  wetlands (modi f ied from Bergman e t  a l .  1977). 

Dominant emergents 
Common 

Wetland designat ion Shore zone Central zone s i ze  

Flooded tundra 
(Class I )  

Shal l  ow-Carex 
(Class If) 

Carex a q u a t i l  i s  
G i o ~ h o r u m  

C. a q u a t i l i s  o r  Pond - 
E. anaust i fo f ium 

.8 - 
angusti  f o l  ium 

C. a q u a t i l i s  - 

Shal low-Arcto h i  l a  C. a u a t i l  i s  o r    class^+ ~ r c h u I v a  

Deep-Arc t o  h i  1 a + A. f u l v a  - -  
(Class 

Deep-open Open 
(Class V )  

Semiopen t o  open Pond 

A. f u l v a  - -  

Open 

Pond 

Pond o r  
1 ake 

Open Lake 

Basin-compl ex Basin interspersed w i t h  Basin interspersed Lake 
C. a q u a t i l i s ,  A. fu lva ,  w i t h  C. a u a t i l i s ,  - 
and open water- - A. - fuTva, 9-h- an open 

water 

Beaded streams C. a u a t i l i s ,  Open o r  Pond= 
7i. h Open (Class V I I )  - -  A. fu lva  - -  Bead 

Pond o r  
1 agoon 

deeper ponds w i t h  Arc toph i  1 a a1 ong A r c t i c  Coastal P l a i n  and was, i n  f a c t ,  
the edges. developed there f o r  studies o f  waterfowl 

(Bergman e t  a l .  1977). However, a more 
CLASS V I I :  Beaded Streams. Small, general scheme does e x i s t  (see Table 2 
i n t e r m i t t e n t  streams conta in ing pools f o r  comparison) and appl ies t o  the  e n t i r e  
formed by mel t ing  s f  i c e  w i t h i n  the Uni ted States (Cowardin e t  a l .  1979). 
permafrost. The pools can be deep The general scheme i s  h ie ra rch i ca l  w i t h  
and resemble Classes XI1 o r  I V .  "ri ver ine" , "l acust r ine"  (greater  than 

8 ha o f  water surface), "pa lus t r i ne "  
CLASS V I  I I : Coastal Wetlands. Brack- (marshes, bogs, p r a i r i e s ,  l e s s  than 8 ha, 
i s h  hab i ta t s  a long the ocean. These l e s s  than 2 m deep), and "estuar ine" (sa- 
1 n c l  ude lagoons conf luent  w i t h  the 1 i n i t y  greater  than 0.5 p a r t  per thousand, 
sea and ponds per iodica ' l ly  inundated more land than marine inf luence) as the  
by the t i de ,  The vegetat ion along system descr ip tors  t h a t  apply here. Class 
the  margins i s  c h a r a c t e r i s t i c a l l y  descr ip tors  inc lude "emergent wetland" 

and Pucci tiel l i a  (e rec t  hydrophytes) and "unconsol idated 
g a lka l i g rass ) ,  bottom", Next, the subclass descr ip tors  

inc lude "pe rs i s ten t "  and "nonpersi s ten t "  , 
The c l a s s i f i c a t i o n  scheme used i n  depending on whether o r  no t  the p lan ts  re -  

t h i s  p r o f i l e  i s  q u i t e  s p e c i f i c  f o r  the main standing u n t i l  the  beginning o f  the  



Table 2. Comparison of nomenclature used in  Arctic Coastal Plain and national wet- 
land c l a s s i f i c a t i o n  systems. When Bergman e t  a1 . (1 977) wetlands contain more than 
one category of the Cowardin e t  a l .  (1979) hierarchia l  system, components a r e  shown 
in  parentheses (from Derksen e t  a1 . 1981 ). 

Cowardin e t  a l .  (1979) 

Class (Bergman e t  a l .  19771 System Subsystem C1 ass Subclass 

Flooded tundra (Class I )  Palustri  ne None Emergent wet1 and Persistent  

Shall ow-% (Class I I ) Pa1 ustrine None Emergent wet1 and Persi s tent  
(Unconsol idated bottom) (sand, organic) 

Shall ow-Arctophil a (Class I I I )  Pal ustr ine None Emergent wet1 and Nonpersi s t en t  

Deep-Arctophi 1 a (Class IV Pal ustr i  ne None Emergent wet1 and Nonpersistent 
(Lacustrine) (Limnetic 

1 i t t o ra l  ) (Unconsolidated bottom) (sand, organic) 

Deep-open (Class V 1 Lacustrine Limnetic Unconsolidated bottom Organic (sand) 

--a - - -- -- Basin-complex (Class VI ) 

Beaded stream (Class VII) R i  veri ne Lower 
perennial Emergent wetland Nonpersi s t en t  

Coastal wetland (Class VIII) Estuarine Intert idal  Emergent wet1 and Persistent  

a Class VI basins may contain the other seven wetland types of the Bergman e t  a l .  (1977) c lass i f ica t ion 
system. There i s  no equivalent uni t  in the Cowardin e t  a l .  (1979) c lass i f ica t ion system. 

next growing season. Final ly ,  a modifier 
i s  added t o  describe elements l i k e  the 
water regime and water chemistry. For the 
Arctic Coastal Plain,  the  modifiers "sea- 
sonal ly'' , "semi permanently", "permanently", 
o r  " i r regular ly"  describe flooding. 

The r e l a t i v e  abundance of the d i f fe r -  
e n t  types of wetlands has only been deter- 
mined in a few areas  of the Arctic Coastal 
Plain. Sellman e t  a l .  (1975) surveyed the 
abundance of l a rge  lakes from LANDSAT 
photos while Derksen e t  a l .  (1981 ) report- 
ed a l l  c l asses  a t  s i x  s i t e s  (Table 3; see 
Figure 1 f o r  loca t ions ) .  The wetlands 
made up 31% t o  86% of the  surface area and 
large  lakes dominated the northern and 
coastal sections of the  Arctic Coastal 
Plain. In the eastern pa r t  of the Coast- 
a l  Plain,  Naiker e t  a l .  ('19821 estimated 
tha t  wetlands ( lakes ,  ponds, wet sedge 
tundra) made up 20%-36% of the to ta l  area 
(6,640 km2 ) surveyed. 

7.3 RESEARCH ON ARCTIC ALASKA WETLANDS 

Expeditions have traversed the  Arctic 
Coastal Plain s ince  the 1820's when S i r  
John Frank1 in and h i s  men rowed from the  
MacKenrie River i n  Canada west to Barrow 
and named major r ive rs ,  lagoons, and 
islands.  S c i e n t i f i c  expeditions in the 
ea r ly  1900's col lected plants and aquatic 
animals i n  t h i s  a rea ,  b u t  t ravel  was ex- 
tremely d i f f i c u l t  and intensive s tudies  
d i d  not begin unt i l  a f t e r  World War I I .  
In 1947, the  Naval Arctic Research 
Laboratory was opened a t  Barrow and 
served a s  a center  f o r  physiological, 
ecological , and geophysical research 
un t i l  i t s  c los ing in 1980. 

The wetlands near Barrow cons i s t  of 
marshy grasslands; small , sha? ?ow p o ~ d s ;  
and large ,  shallow lakes. The o r ig in  
(Carsan and Nussey 19601, chemistry (How- 
ard and Prescot t  19731, and algal  produc- 



Table 3.  Percentage composition of wetlands a t  s i x  Arctic Coastal Plain s i t e s*  
(modified from Derksen e t  a t .  1981). 

East Long Island Meade Square Storkersen 
Lake Lake River Lake Singiluk Point 

I Flooded tundra 48.1 63.3 51.3 43.0 46.6 51.2 
XI Shallow -- Carex 16.2 14.5 15.7 7.1 2 .I 32.4 
111 Shallow - - m o  h i l a  + ::; 7.9 1.4 1.4 0.5 4.5 
IV Deep -- Arctop I a 0.8 1.7 48.4 45.5 2.9 
V Deep -- open 24.1 13.4 29.8 0.0 2.1 6.6 
VIf Beaded stream 0.8 0.1 0.1 0,1 3.2 2.4 

Wet landsurfacearea  (ha)  790.5 1,334.2 756.9 839.5 489.5 650.3 

Percent of study s i t e  
i n  wet1 ands 50.8 85.8 48.7 54.0 31 -5  41.8 

* Each study s i t e  was 15.54 km2 (1,554 ha) .  

t i v i t y  fKalff 1967) of the lakes and ponds 
were well studled Sn the 1960's and sever- 
al ponds were exhaustively studied from 
1971 t o  1973 when Barrow was the s i t e  of a 
mu1 t j d l  scipl  lnary ecological study 4 the 
International Biot ogical Programe, XBP 1. 

These XBP studies a r e  summarized i n  large  
books on aquatic (Mobbie 1980a) and ter- 
r e s t f a t  (Brown e t  a l ,  1980a) ecosystems. 

The need t o  understand the e f f e c t s  of 
o i l  f i e l d  development on the wetland biota  
has l ed  t o  severa"lr*cent studies.  Birds 
were studled near Prudh~e  Bay by Bergman 
e t  a t .  f1977) and a t  s i x  sStes on the 
Arctic Coastal P1al"n by Derksen et  a l .  
(1981 1. The s i t e s  are Sdentified by 
as te r i sks  4n  Figure 1 ,  Effects of devel- 

opment on plants were studied a t  Prudhoe 
Bay by Walker c t  a t .  (1978, 1980). 

In  comparison w i t h  the ponds and 
'lakes, l i t t l e  is known of the limnology of 
r ive rs  and streams of the coastal plain. 
Chemi s t ry  of the  Col v i  1 l e  and Sagavani r k -  
tok Rivers has been investigated (Kinney 
e t  a l .  1972, Carlson e t  a l .  '1974). The 
rooplankton (Reed 1962), f i s h  and insects  
(Craig and McCart 19751, and discharge 
fArnborg e t  a1 . 1966) of o ther  rf vers and 
streams have a1 so been studied. 

To put the Alaska studies in to  the  
perspective of a r c t i c  1 imnology , the  read- 
e r  should consult  reviews by Livingstone 
(19631, Kalff (19701, and Wobbie (1973, 
19841. 



CHAPTER 2. 
PHYSICAL AND CHEMICAL CONDITIONS 

The wetlands of t h e  Arc t ic  Coastal 
P la in  e x i s t  because t h e  c l imate  i s  co ld  
enough to  maintain continuous permafrost 
and wet enough t o  keep bas ins  f i l l e d .  A 
co lder  and d r i e r  c l imate  would l i k e l y  
r e s u l t  in dry d e s e r t s  with s c a t t e r e d  vege- 
t a t i o n  and low product iv i ty  s i m i l a r  t o  
those of Canada's Arc t i c  Archipelago. A 
warmer c l  imate wou1 d not  a1 l ow permafrost 
t o  e x i s t ;  t he  r e s u l t  would be b e t t e r  
drainage and fewer wet1 ands. 

2.1 CLIMATE 

The only long-term weather records 
f o r  t he  Arc t ic  Coastal P la in  come from 
Barrow and Barter  I s l and ,  both coas ta l  
s t a t i o n s  and both with very s i m i l a r  tem- 

pera tures  (Table 4 ) .  Prudhoe Bay, a l s o  a 
coas ta l  s t a t i o n ,  has a s i m i l a r  annual mean 
temperature but  i s  warmer in  t h e  summer 
and colder  i n  the winter  than the  o t h e r  
two s t a t i o n s .  A t  t h i s  s t a t i o n ,  the  summer 
temperatures a r e  above f r eez ing  bu t  t h e  
a i r  i s  kept cool by coas ta l  cloudinttss and 
by cool winds from t h e  Arc t ic  Ocean. 
Early i n  the  summer the  ocean i s  s t i l l  
covered with i c e ,  but  by August t he re  a r e  
open-water a r e a s  which may extend 30-100 
km from the  coas t .  Even so,  the  ocean 
temperature i s  only about 3°C. 

During the  summer, coas ta l  fogs occur 
about one day i n  t h r e e  bu t  these  d i s s i p a t e  
inland and t h e  a i r  temperatures increase  
with d i s t ance  from the  coas t .  For exam- 
p l e ,  the  July average a i r  temperature a t  

Table 4. Mean monthly and annual temperatures ("C) f o r  Barrow, Prudhoe Bay, 
and Barter  I s land  (U.S.  Dept. Commerce, from Brown e t  a l .  1975). 

1970-1 973 Mean 11 941 -7970) 30-Year normals 
Barter  Barter  

Month Barrow Prudhoe Is1 and Bar row Is1 and 

Jan -26.3 -29.2 -27.1 -25.9 -26.2 
Feb -28.2 -31.8 -29.4 -28.1 -28.6 
Mar -28.5 -31.0 -29.2 -26.2 -25.9 
A P ~  -19.8 -20.2 -19.5 -18.3 -17.7 
May -7.6 -6.7 -6.5 -7.2 -6.4 
June 0.8 2.6 I .4  0.6 1,2 
J u l y  4.6 6.4 4.7 3.7 4.4 
Au9 2.9 4.8 4.7 3.1 3.8 
Sep t -0.8 -0.8 -0.7 -0-9 -0.2 
OC t -10.1 -12.5 -10.7 -9.3 -8.7 
MOV -1 7 - 2  -19.0 -17.3 -18.1 -17.7 
Dec -27 .8 -25.3 -23,1 -24.6 -24.7 
Annual -1 2.7 -13.6 -12.8 -12.6 -72-2 

-- 



an inland s i t e  was 5.g°C warmer than 100 
km t o  the  north a t  Prudhoe Bay; a simi l iar 
increase  was measured south of Barrow 
(Brown e t  a l .  7975; Walker e t  a l .  1980; 
Haugen and Brown 1980). Thus, there a re  
1 arge differences i n  a i r  temperatures 
within the Arctic Coastal PI  a in .  However, 
a t  inland s t a t i o n s  the ext ra  warming in 
summer is l i k e l y  balanced by ex t ra  cooling 
i n  winter ,  s o  the average annual tempera- 
tu re  f o r  the whole of the  Arctic Coastal 
Plain is c lose  t o  -13°C. Summer tempera- 
tu res  probably average 6°C i n  June, 10°C 
i n  Ju ly ,  9°C i n  August, and 5°C in  
September. 

Precipi ta t ion (Table 5 )  i s  much more 
var iable  than temperature and some of the 
records are  open t o  question. A t  Barrow, 
f o r  example, Dingman e t  a1, (1980) found 
the  winds during Ju ly  t o  be between 2 and 
10 m sec-1 60% of the  time, and t h a t  winds 
cause the measured precipi ta t ion to  be an 
underestimate. They be1 ieve t h a t  the 
actual precipi ta t ion a t  Barrow i s  170 mm 
and a t  Bart@r i s  248 nun. Precip-i tat ion 
increases inland,  so the average f o r  the 
Arctic Coastal Plain is  about 350 m. 
Almost half of the annual precipi ta t ion 
f a l l s  a s  ra in  from June through September. 

Blowing snow during l a t e  September 
rapidly f i l l s  in surface i r r e g u l a r i t i e s ,  
Along the coas t ,  accumulation i s  20 cm in  
the f i r s t  3 weeks, followed by a slow 
buildup t o  40 cm by the end of the winter. 
The f o o t h i l l s  and mountains receive up t o  
th ree  times t h i s  amount; the  average 

accumulation on the Arctic Coastal Plain 
i s  probably 80 cm. 

2 .2  HYDROLOGY 

The Coastal Plain i s  crossed by many 
north-f1 owing r ive r s  (Figure 1 ) with we1 l - 
developed channels and high flows during 
the  summer. Yet these a r e  mostly main- 
tained by flow from the f o o t h i l l s  and 
mountains. Drainage on the coastal  plain 
i s  poorly developed and only a few small 
streams 1 i e  completely within the Coastal 
Plain.  The hydrologic cycle  f o r  these 
streams, described by Dingman e t  a l ,  
(19801, i s  remarkable in t h a t  half  of a l l  
the  runoff occurs i n  3 t o  9 days in June 
when the snowpack melts. A t  t h i s  time, 
water floods most of the low-lying areas ,  
and f i l l s  up pond and lake basins; some 
en te r s  the  streams. Within a week or  so 
the  streams v i r t u a l l y  s top flowing f o r  
the  remainder of the summer, although an 
exceptionally wet summer wi f 1 cause 
flooding and eventual 1y increase the 
stream flows. 

The runoff i n  the  four Coastal Plain 
streams considered by Dingman e t  a ? .  
( 1  980) averaged 11 cm, but there  a re  only 
a few measurements. These authors a l s o  
s t a t e  t h a t  evaporation might be 14 Lo 21 
cm. The r e s u l t s ,  which show t h a t  about 
50% of the precipi ta t ion runs o f f ,  mzy be 
very mi s1 eadi ng because hydro1 sg i  s t s  use 
we1 1-defined watersheds fo r  t h e i r  measure- 
ments and these are r a re  on the Coastal 

Table 5. Mean monthly and annual p rec ip i t a t ion  ( m m )  f a r  Barrow and Barter Island 
(U-S, Dept. Commerce, from Dingn~an e t  a l .  19801, 

-- ---- , -- 

- Months - -- 

S i  ee J F M A M J  J A S C N D Annual 

Barrow 5.8 5.1 4-8  5.3 4.3 8 . 9  22.4 26,4 1 4 - 7  14.0 7.6 4.8 124.1 
Adjusteda 9.3 8,2 7 + 7  8 - 5  6.9 9 . 8  24.6 29.9  23.5 22.4 12.2 7.7 169.8 

Barber 1 3 , 9  8.4 6.6 5.8 7 ,913.5  28.5 32.5 22.6 20.6 '17.4 7 - 4  179 .0  
I s'l and 

Pldjttsteda 22.3 1 3 , 4  72.5 9 . 3  12-6 74.8 29.6 35.8 36,; 25.6 i8.Z 1 . 8  247.5 

aValues adjusted t a  compensate f o r  underestimation due t o  w i n d ,  



Plain. Most of the precipi ta t ion i n  this 
area undoubtedly does not run off and i s  
eventually 1 os t  by evaporation. There 
has been no study of the water balance of 
a 'large area of the Arctic Coastal Plain 
where surface flow may be the dominant 
process. 

Some evidence fo r  the low runoff of 
much of the Coastal Plain comes from a 
water budget of a small pond (Class I I I )  
studied during the IBP s tudies  a t  Barrow. 
Miller e t  a l .  61980) measured average 
tnputs to Pond 5 of 9.3 cm of water in 
snow, 6.7 cm i n  r a in ,  and 5.8 cm a s  melt- 
water input during the spring. Outputs 
were 5.8 ern as spring runoff to  a tempo- 
rary stream and 21.4 cm as evapotranspira- 
tfon (from a standard evaporation pan 
placed next to the pond). The extra water 
needed to  balance the equation, 6 cm, came 
from slow input from the drainage basin 
and from cal cul at ion e r rors  (perhaps from 
using evaporation pan data which have t o  
be reduced by 40% i n  temperate regions),  
In some wet summers the ponds will over- 
flow and Flood the whole drainage basin. 
In the XBP Pond the  water level f e l l  16 cm 
during a typical summer. 

The IBP data lead to  the  conclusion 
tha t  when ponds are  abundant, most of the 
water that. waul d ordinar i ly  r u n  off in the 
spring jnstead goes t o  f i l l  u p  the pond 
basins. Evaporation, not runoff, accounts 
fo r  most of the water loss  from much of 
the Arctic Coastal Plain. 

2.3 WATER TEMPERATURES AND ICE COVER 

The water temperatures of the ponds 
are much mere influenced by the solar  
radiation than by the a i r  temperature. A 
few sunny days can ra i se  pond temperatures 
u p  t o  16°C; several cloudy days may cause 
the pond temperature to  decrease t o  2 ° C  
the next week (Figure 31, In this Class 
111 shallow pond (maximum depth 40 cmj, 
the average temperature was 7.1 "C i n  5971 
(Miller e t  a l .  19801; a nearby Class I V  
lake (maximum depth 5f  70 cm) had an 
aver6ge teapa-ature ~f 4DC, SG Lhc d e p t h  
of the water i s  also -important. Large 
Class IV lakes with depths up t o  2 m 
seldom warm above 9"C, 

I Jun 1 Ju l  1 A u a  i 

Figure 3.  Daily maximum and minimum 
pond temperatures a t  Barrow, 1971 (from 
Miller e t  a l .  1980). 

The ponds and lakes are so shallow 
and the summer winds so strong (average 
6.2 m sec-I a t  Barrow, June-September) 
tha t  no temperature s t r a t i f i c a t i o n  i s  
found. 

The duration of the i ce  cover inf lu-  
ences the temperature of the 1 arger lakes 
b u t  has l i t t l e  e f f ec t  on the pond temper- 
a tures .  Ponds and lakes a t  Barrow f i r s t  
become ice-covered between 7 and 16 Sep- 
tember ( 7  963-1 973). The maximum thi  ckness 
s f  the ice  is  1.7  m b u t  the actual thick- 
ness a t ta ined depends upon the snow cover. 
Ponds, which freeze completely, w i  11 have 
only 20-40 crn o f  i ce  while lakes,  which 
may or  may n o t  freeze completely depending 
on t he i r  depth, will often have 1.7 rn. 
Obviously, the  thin ice  of the ponds thaws 
i n  a few days while the thick Sake i c e  may 
take a month more t o  thaw. Near Barrow, 
the ponds thaw between 6 and 18 June 
(1963-1973), while Imikpuk Lake (2.8 m 
maximum lake depth) thaws i n  mid- t o  l a t e  
Jz ly  (IVIZ17er e t  a ? .  1950!, Large lakes 
(9.1 m maximum depth) near Prudhoe Bay 
thaw i n  Sate June or early July (Bergman 
e t  a l .  1977). 



2.4 WATER CHEMISTRY 

The chemistry of fakes and ponds in 
the Arctic Coastal Plain i s  largely 
controlled by the surrounding so i l s  b u t  
i s  a l so  influenced by me1 twater dilution 
and evaporation. The so i l s  around Barrow 
are  acid and highly organic, ref lect ing 
in part  the poor drainage and the lack 
of carbonates in the so41. The r ivers  
t o  the eas t  of the Colville River - for  
example, the Kuparuk and Sagavani rktok 
Rivers a t  Prudhoe Bay - run from the 
mountains to  the ocean and deposit car- 
bonates on the coastal plain (Brown e t  
a f .  1980b, Walker e t  a l .  7980). In 
contras t ,  the Col vil l e  River intercepts 
r ive rs  running from the mountains north 
towards Barrow and prevents deposition 
of carbonates i n  that  region (Figure 1 ) .  
Ponds a t  Barrow have around 4 ppm ~ a "  and 
t;onductivities of 160 iimho cm-1, while 
those a t  Prudhoe Day have 20-40 ppm Ca"' 
and conduc t i  v i  tl" e s  of 500 rmho cm-1 
(Prentki e t  a l ,  1980, Douglas and Biigin 
1975). En sp i t e  of t h i s  difference,  the 
pH of the Barrow ponds was around 7.7 
w h i l e  Prudhoc Day ponds had pH 9 oaf 7.5 
t o  8,0 (Bergman e t  a1 , 1971 ). 

In the spring,  the ponds are  flooded 
w l t h  me1 twater and the ions i n  the ar ig-  
fna1 pond water are  diluted (Figure 41. 
After th i s ,  evaporation of the water and 
r@-solutlon of ions from sediments causer 
ionlc concentration to increase as much 
a r  four fo ld ,  During freere-up, ions are 
excluded from the ice and reach high 
concentrations i n  the remaining water. 
F ina l ly ,  as the frcezing f ront  rnoves 
downwards, many o f  the ions move into 
thc sediments. 

The only other chcn~ieal difference 
betwcca thew coastal plain ponds and the 
rttajorfty o f  temperate [rands i s  the high 
NaCkco t en t  i n  ponds w i  t h i n  a kilometer 
or sc of the coast, Some ponds tmy 
receive seawater clurlng storms or high 
t ides  while others will reccive wind-blown 
spray and saf ts ,  

Figure 4, Concentratlon of major ions in 
Pond 8, Barrow, 1970 (from Prentki e t  a3. 
1980). 

with an oxyr;enated zone res t r i c ted  to the 
top 1 cm. The iron concentrations control 
the phosphorus concentrations and these i n  
turn control the growth of algae, 130th 
i r on  and phosphorus are high i n  t he  sedi- 
ments (Table 6 )  although iron concentra- 
t ions  i n  pond water are about the sanje as  
Found in soft-water Wisconsin lakes. The 
orgdnic content i s  very high as well; 
sometivies lenses o f  sand or i ce  occur deep 
in the sediments b u t  these are  not typical 
i e - g . ,  30 crn i n  Pond C ,  Table 6)- 

Z"4.1 Iron and Phosphorus --.-- ---.-- 
A detailed picture of the i ~on-phos- 

phorus relationships i n  the ponds a t  
T R  pondc nf the 4rc t i f  CCEE+B! !J !z jz2  Earrow ha$  bee^ devtiapeii (Prefttki  ct, a;. 

the nutr ient  concentratSonr; and rates o f  1986)). Iron reaches the pond a f t e r  being 
supply are control 'led by interactions w i t h  leached from the so i l s  and sediments; 
the sediments. These are iron-rich peats e spec ia l ly  h i g h  concentrations i n  the 



Table 6. Chemical composition of sediments i n  ponds near Barrow, 1970 (from 
Prentki e t  a1 . 1980). Total P was determined on digests .  

m9 P mg Fe Organic 
( g  dry wt)-1 (g dry wt)-1 ( % I  

Pond C 
T c m ,  organic 

0-1 0 cm, organic 
10-20 cm, organic 
20-30 cm, organic 
30-40 cm, organic + i ce  
40-50 cm, sand 

Pond D - 
7FTU cm, organic 
20-30 cm, organic c sand 
50-60 cm, peat + ice  

water, up t o  0.7 mg l i t e r - 1 ,  were measured 
a f t e r  summer rain storms. This dissolved 
iron quickly combines with organic matter 
e i t h e r  by chelation o r  by complexing 
(possibly a s  f e r r i c  hydroxide) and s e t t l e s  
out a s  a f loc .  When dissolved react ive  
phophorus enters  the pond from snowmelt 
o r  r a i n f a l l ,  i t  sorbs t o  the iron oxide- 
organic matter complex and i s  removed from 
the water column. While the sorption i s  
r ea l ly  a dynamic equilibrium, the equil  ib- 
rium i s  strongly sh i f t ed  towards the sedi- 
ments. Even when large  quan t i t i e s  of 
phosphorus are  added t o  a pond, the sedi- 
ments sorb i t  and come into  equilibrium 
w i t h  the water within the  sediment, which 
wlll contain 1 t o  5 l;g P per l i t e r .  Some 
idea of the  tremendous amount o f  phaspho- 
rus trapped in the sediments comes from 
the f a c t  t h a t  in a 20-cm-deep pond, the 
P concentration i n  the water column was 
7.5 mg i n  the sediment water, 2.0 mg 
m-2- and in the sediments ( top 18 cm) , 
25,600mgm-2, of which 3,600mg was 
sorbed and the  remainder organic. 

The r e s u l t  of t h i s  l a rge  sediment 
buffer i s  a very low concentration of 
reactive phosphate i n  the water of tundra 
ponds and lakes (Table 7 ) .  Prentki e t  a l .  
(198G) reported t h a t  near Barrsw the P 
content of 15 ponds was 0.9 t o  3.0 u g  
l i t e r - 1  on one date in August, w h i l e  in 
a deep lake i t  was 0.5 t s  4.4:-(4 on 17 

d i f f e r e n t  col lect ion dates.  In four lakes 
near Prudhoe Bay, P content was 0.2 t o  
1.9 ug l i ter - '9 .  The ponds a t  Barrow a l so  
i l l  us t ra te  a 1 arge difference between 
d i f f e r e n t  types of ponds. The th ree  
ponds on the l e f t  s ide  of Figure 5 a r e  not 

Table 7. Concentrations and annual phos- 
phorus budget fo r  Pond B, Barrow, 197'9 . 
The DRP i s dissolved react ive  phosphorus, 
DUP i s  dissolved unreactive phosphorus 
(organic) ,  and PP is  t o t a l  pa r t i cu la te  
phosphorus (from Prentki e t  a l .  1980). 

~ o r m  g P 11ter-1 g P m-2 jr-l 

X i  nter snow DRP 1 . 5  87 
( c o l l e c t e d  DiIP 1 . I  54 
I E ~ Y  1971; PP 1.4 -. e l  

232 

S p r i n g  runoff DRi' 2.4 1820 
entering pond @UP 13.6 10340 -- 

121 60 

S p n n g  runoff JKP 2.5 -1 900 
l eav lng  pond ijUP 15.3 - -1 1700 

-I 3600 

S ~ m w e r  prec? p DKP 7 . 7  468 
DUP 0.7 - 46 

5' 

Net ba'ance -604 

S u m r  it71 DRP 2.0 
water I n  Pond 8 CiUF 1G.C  

P P  7.1 



polygon ponds (Class 11 or 111) b u t  are As described l a t e r ,  the algal productiv- 
deep and i r regu la r  ponds formed when ice  i t y  i s  also very high i n  these new ponds. 
wedges melted. In t h i s  case,  repeated I t  i s  not known i f  t h i s  scenario occurs 
t r i p s  of a tracked vehicle destroyed the i n  other types of newly formed ponds. 
insulating layer of tundra and caused the 
me1 t. The resul Ling newly formed ponds When Prentki e t  a1 . (1980) made a 
are low in iron (by 30%) and, as a conse- detailed study of the concentration of 
quence, the reactive phosphorus i s  high. dissolved reacti  ve phosphorus ( D R P )  in 

Figure 5. Concentration of reactive phosphorus [ ~ g  P l i t e r - I )  i n  Barrow ponds i n  
August, 7970 (Prentks' e t  a l ,  1980). The contour l i n e s  connect areas o f  equal P 
concentration, 



the water of Barrow ponds over three 
summers, they found 4-6 cg l i t e r 1  in 
the me1 twater from the tundra, 2-3 lig in 
the water column durinq the summer, and 
l ess than 1 vg 7 i t e r -  in the water 
column during peaks of algal production 
i n  l a t e  June and August. These numbers 
cannot convey the rapidi ty  of the phos- 
phorus cycling b u t ,  fo r  example, concen- 
t r a t i ons  changed by 1.5 cg in 4 hours in 
a 2-day se r ies  of observations. This 
rapi d i  ty was confirmed with radl'oi sotope 
experiments; uptake ra tes  of 3 2 ~ 0 4  into  
the plankton gave a P range of 13 t o  320 
~g 1 i ter-1 day-1 corresponding t o  turnover 
times of 0.23 Lo 4.6 h r .  I t  i s  typical 
s f  freshwaters in general tha t  t h i s  uptake 
was much more than the amount needed for 
a1 gal growth; in the Barrow ponds i t  was 
200 t i ne s  greater,  

Table 8. Average concentrations ( ~ g  N 
l i t e r - 1 )  of various forms of nitrogen i n  a 
pond and lake near Barrow, 1971 (Prentki 
e t  a l .  1980). 

----.---.-.----.-pp--- . 
Loca t lon  J u n e  J u l y  August 

. - 
'UTrva t e  75.0 33.0 1 .O 
N i t r i t e  0 . 3  0.7 0.2 
h r ~ l o n i a  7 1 . 0  25 .0  23.0 
Dissolved o rqa l ; i i  n i t roge r i  920 870 
P a r t i c u l a t e  m t r ogen  108 36 39 

Ik roav ik  Lake '-7rTt-rief- 

Armenia 
Di s so lved  o r g a n i c  n i t r o g e n  
P a r t i c u l a t e  ! l i t roq?n 

Where does t h i s  phosphorus come 50: 
from? For t h i s  short  term cycling,  DRP I 

i s  excreted by zooplankton (13 vg me2 
d ay1  ) ,  l o s t  from plants  (860 ilg m m 2  

and released from sediments (170 
,,g m- day-] 1. Over an e n t i r e  year,  the 
ponds appear t o  be just about i n  balance 
or even may lose a l i t t l e  phosphorus 

\ I 
through runoff (Table 7 ) .  The l o s s  i s  1 , ,  ' I only 0.003% of the phosphorus i n  the top k 

I 
1 

10 cm of the pond. Based on t h i s  budget, 
most of the phosphorus in the ponds must 
come from the s o i l s  tha t  were there before J u n  L--?!!__ L _A"_4___-- 

the ponds were Figure 6. Concentratlonr of n i t r a t e  and 
enter  from the winter and summer precipi- amonia nitrogen in Pond 5, 1977 (from 
t a t i on ,  but the ponds may even give u p  a Prentki et 1980). 
1 i t t l e  phosphorus to the spring me1 twater 
tha t  moves through the system. 

2.4.2 Nitrogen 

A1 though phosphorus i s  the most 
important nutr ient  1 imi t i  ng a1 gal and 
plant growth in freshwaters, nitrogen i s  
also necessary ( f o r  a1 gal growth, the 
weight r a t i o  of N:P i s  7:l 1. In the 
Barrow ponds (see Prentki e t  a1 . 7 980 fo r  
d e t a i l s ) ,  n i t r a t e  and ammonia are  both 
abundant ear ly  i n  the scjmmer but n i t r a t e  
concentrations become extremely low dur- 
ing August (Table 8, Figure 6 ) .  As i s  
typical fo r  a l l  waters, the dissolved 
organic nitrogen (DON) makes up the 
l a rges t  quantity of nitroyerr G u t  i t  i s  
l ike ly  t ha t  t h i s  i s  re la t ive ly  i ne r t  
material t ha t  cannot be eas i ly  broken 
down by bacteria.  The concentrations o f  

nitrogen in the laikes are  about the sane 
a s  i n  the ponds. 

The inorganic nitrogen does recycle 
i n  the water b u t  the  turnover times are 
much longer than those fo r  phosphorus and 
are  t ied to algal needs. For example, 
the uptake of a m m ~ n i a - ~ ~ ~  i s  15-40 times 
higher than the uptake of n i t r a t e - I ~ N  and 
the  turnover time of ammonia i s  about 150 
hours. The tota l  planktonic uptake of 
both fornis of N was 0.16 ug  l i t e r - 1  hr-1, 
which agrees with the nitrogen necessary 
t o  su port a1 gal production (0.17 :!g N 
! i tcr-7 hr-71. 

ammonia i s  abundant i n  the sediments 
(up t o  3.2 rng M l i t e r - 1 )  and there i s  an 



equal amount of dissolved organic nitrogen could account f o r  the  low concentrations 
(1  -6 mg N l i t e r -1 )  . However, the ammonia of n i t r a t e  i n  the sediments, but the 
is  used by plants so rapidly t h a t  the den i t r i f i ca t ion  r a t e  of 0.032 mg N me2 
concentrations within plant beds a re  day-] i s  a tenth of the f ixat ion ra te .  
pract ica l ly  zero (Figure 7 ) .  Uptake of 
k by p lan i  roots i s - 1 8  mg day-l; by I t  i s  obvious from the uptake r a t e s  
benthic algae,  12 mg; and by plankton, and concentrations t h a t  ammonia i s  rapidly 
1 .2 rng me* day-l . reqenera ted in the ponds. Resenerati on 

The f ixat ion of nitrogen occurs in 
the pond sediments b u t  the r a t e s  a re  very 
low (Prentki e t  a l .  1980). Two of four 
ponds sampled near Barrow showed f ixat ion 
a t  an average r a t e  of 0.31 mg day-'. 
This i s  small compared t o  the amount of 
ammonia nitrogen present i n  sediments 
(168 mg m-2 in the top 8 cm) and i s  about 
half of the nitrogen f ixat ion r a t e  i n  the  
tundra E Barsdate and Alexander 1 975 1. 
This low r a t e  implies tha t  N supplies 
are  adequate. 

Denitri f i ca t ion ,  the transformation 
of n i t r a t e  to  nitrogen gas, occurs i n  the 
anaerobic sediments a t  low ra tes .  This 

has been measured only in  the plankton 
where the  r a t e  of 1.9 ug N 1 i t e r - l  hr-l 
i s  ten times higher than the  a1 gal uptake 
ra te .  In addit ion,  there should be a high 
r a t e  of regeneration i n  the  sediments and 
some t rans fe r  from sediments t o  the water 
column; thus nitrogen should never be lim- 
i t ing t o  algal and other  plant  production. 

The annual budget f o r  a pond (Table 
9 )  indicates t h a t  most of the dissolved 
inorganic nitrogen (DIN) enters  the pond 
during summer ra in fa l l  while most of the 
DON en te r s  by nitrogen f ixat ion and spring 
runoff. There was a net N input of about 
60 mg m-2, which i s  small compared to  the 

Sediment 
Sample Depth 

I 

8-16 crn 

3 I I 1 I 
No Vascular Plants Arclclphrla No 

fuiva Vascular 
Pianis 

Figure 7. ConcenWatr'ons of i n t e r s t i t i a l  itmonia N {mg l j t e r - 1 )  i n  sediments of 
Pond 9 ,  7973. The center of the pond, wl ' t f t  no vascular p lants ,  i s  a t  the l e f t  and 
the shore i s  a t  the r i g h t  (Alexander e t  a l ,  79501. 



Table 9. Nitrogen budget fo r  Pond B ,  Barrow (Prentki e t  a7, 1980). 

DIN 
(mg m-Zyr-l ) 

DON 
(mg ~ - 2 ~ r - I  ) 

Nitrogen f ixat ion in sediments 
Summer r a i  nfall  i11.5 
Runoff, spring (amount re ta ined)  + 0.9 
Deni t r i f ica t ion - 2.8 

Net input + 9.6 +51.1 

accumulation of 400-1 300 mg nl-2 in tem- 
perate 1 akes. 

2.5 THE ORIGIN OF PONDS AND LAKES, THE 
THAW-LAKE C Y C L E ,  AND PERliIAFROST 

Ponds and lakes a r e  abundant in the 
Arctic Coastal Plain because the perma- 
f r o s t  prevents both drainage and the 
development of streams and because the 
landscape i s  very f l a t .  The f l a t  land i s  
a r e s u l t  of marine-sediment deposition 
in  near-shore areas in the mid t o  l a t e  
Quaternary. After a number of advances 
and r e t r e a t s ,  the ocean f i n a l l y  receded 
t o  approximately i t s  present location f a t  
l e a s t  a t  Barrow) about 14,000 years ago 
(Brown e t  a1 . 1980b). Quaternary glaciers  
d i d  not extend onto the coastal plain 
a l  though they were (and a r e )  present in 
the mountains . 

After the  ocean receded, permafrost 
formed in the fine-grai ned sediments. 
Cracking of the soi l  occurred due t o  
contraction during rapid winter cool i ng. 
(Similar cracks, on a much small e r  scale ,  
are  seen when a mud puddle d r ies  up, ) 
These so i l  cracks are  subsequently f i l l e d  
by melt water and t h i s  soon freezes.  Over 
centur ies ,  a network o f  i c e  wedges f o m s  
i n  the ground; the  wedges may penetrate 
fo r  many meters and can be from a few 
centimeters t o  8 m in w i d t h  (Figure 81, 

The network of wedges forms polygons same 
15 t o  40 m across (Figure 9A). Above each 
i c e  wedge the ground i s  heaved up t o  form 
a rim around the  polygon. This rim may 
t r a p  water t o  f o m  a pond (Figure 9B) o r  
the ice wedqe may me1 t and a pond form in 
the  trough between polygons (Figure 93). 
When ponds form, there  i s  a d ras t i c  change 
in  the heat flow in to  the  s o i l s  as the 
insula t ing layers  of surface vegetation 
a r e  replaced by dark pond sediments. As 
a r e s u l t ,  i c e  in the permafrost melts 
(Sellman e t  a1. 1975 found t h a t  ice made 
up 70% of the  soi l  volume a t  0-5 m and 
50% a t  4 m )  and ponds coalesce t o  form 
lakes (Figure 96,  9D1, These lakes a r e  
usually oriented north-south by erosion 
sf wind-driven currents ,  The l a s t  stages 
of t h i s  thaw-lake cycle (Hopkins 1949; 
B r i  t ton 5 957 1 begin when the di vi des 
between lakes are  breached by erosion or  
when streams form and headward erosion 
drains the lake (Figure 9E), Ice wedges 
and polygonal ground soon form i n  the 
drained lake bottom and the thaw-lake 
cycle begins again (Figure 9F),  

Permafrost s e a l s  off  the s o i l  of the 
coastal  plain and prevents subsurface 
drainage. Permafrost a l  so moves i n t o  
every ra ised road o r  gravel d r i l l i n g  pad 

+ w .  .awe ~ h - i c h  t h e n  becomes a Sarrfer  tc r l s F . F  

runoff, This i s  the cause of the many new 
ponds a1 ong the  road servicing Prudhae Say 
(Figure 81. 



Figure 8. A. Aerial view of tundra ponds i n  polygonal ground near  Prudhoe Bay, 
B. Flooded tundra and gravel road,  Prudhoe Bay. 
C. Small l ake  near  Prudhoe Bay. 
D. I ce  wedge along eroding shore of  Lake Colleen,  Prudhoe Bay. 



F i g u r e  9 .  The thaw-lake  cyc le  f rom polygonal  ground ( A )  t o  d r a i n e d  lake b a s i n s  
( a f t e r  Walker e t  a l .  1980).  See t e x t  f o r  e x p l a n a t i o n ,  



CHAPTER 3. 
BlOLOGICAL COMPONENTS 

The ponds o f  t he  A r c t i c  Coastal P l a i n  
conta in  phytoplankton, zooplankton, and 
benthic organisms s i m i l a r  t o  those o f  
temperate ponds (Figure 10) b u t  c e r t a i n  
animals are missing. There are no amphib- 
ians, dragonf l ies,  mayf l ies,  true bugs, 
leeches, o r  c ray f ish .  A t  Barrow there are 
no nosqui tos , clams, o r  amphi pods (scuds ) , 
b u t  these a re  found in land.  F ish  are 
present on ly  i n  waters deeper than 1.7 m, 
the  maximum i c e  thickness, so are  absent 
from a11 ponds and most o f  the lakes. 
The f i s h ,  insec ts ,  and zooplankton t h a t  

a re  present are represented by few species 
compared w i  t h  assemblages i n  temperate 
ponds. For example, I k roav i k  Lake near 
Barrow has on ly  two species o f  w h i t e f i s h  
(Core onus) and the  ninespined s t ick leback  
m t 3 d z - 7 9 7 3 )  . B u t l e r  e t  a l .  (1980) 
repor ted  35 species o f  c h i  ronomi ds 
(midges from Barrow ponds, whereas 
temperate ponds might  have more than a 
hundred. This s i m p l i c i t y  makes i t  some- 
what eas ier  t o  study each organism o r  
conanunity bu t  does n o t  make any process 
o r  i n t e r a c t i o n  eas ier  t o  understand, 

Figure 10. A c ross - sec t i on  of a t yp i ca l  pond ( f rom Hobbie 1980). 

1 E: 



3.1 PHYTOPLANKTON 

In con t ras t  t o  the special  adapta- 
t ions  of the vascular p lants ,  the plank- 
tonic  algae show no a r c t i c  adaptations;  
they a r e  the same species with the same 
physiology found i n  temperate ponds and 
lakes i n  the spring (Alexander e t  a l .  
1980). The 105 species found a re  almost 
a l l  nanoplankton, t h a t  i s ,  c e l l s  smaller 
than 20 urn. Chrysophytes (Chromul i na 
and Ochromonas) and Cryptophytes (Rhodo- 
monas mi nuta, Cry tomonas, and Chroomonas) 
domi na-1 t lr%iT- oug and 6-um uni den- 
t i f i e d  f l age l l a t es  were often the most 
abundant forms. 

There a r e  1 t o  6 mil 1 ion a1 gae c e l l s  
per l i t e r  throughout the summer i n  the 
ponds of the coastal  plain ( f i v e  or  s ix  
s i t e s )  ( A 1  exander e t  a1 . 1980). However, 
these c e l l s  a r e  so small t h a t  t h e i r  bio- 
mass of 25-400 mg wet w t  l i t e r - 1  is low 
compared w i t h  the  400-6,000 mg in a 
moderately productive temperate lake. 
The amount of chlorophyll i n  these algae,  
another measure of biomass, l i e s  between 
0.4 and 1.2 ;!g l i t e r - '  (Figure 11) .  Lakes 
a t  Prudhoe Bay contained 0.13-1.46 ilg and 
Ikroavik Lake near Barrow had 0.03-2.37 lig 
l i t e r  The ea r ly  rise; in chlorophyll 
a f t e r  the spring me1 t (Figure 11 ) was made 
up of Chrysophyta, but these forms were 
replaced by Cryptophyta around 1 July .  
A1 though t h i s  was t rue  f o r  almost a11 of 

ander e t  at  . 1980). 

the  Barrow ponds, there  was one pond with 
diatom dominance and one with dominance 
of the blue-green alga Microcystis. 

The ra tes  of primary production of 
these nanoplankton follow the seasonal 
curve of the chlorphy?? (Figure 1 2 ) .  
A 1  though the production per 1 i t e r  i s  
reasonably high, the ponds are  so shallow 
and the ice-f ree  season so sh-qt. tha t  the 
annual praduction of 1 g C m i s  one of 
the lowest ever measured. Ikroavik Lake 
near Baryfw, had a production of 
2 .2  g C m because of i t s  greater  depth 
( 2 . 2  m maximum). Al l  these waters f a l l  a t  
the low end of the productivity scale and 
a re  considered extremely ol i gothropic. 

As noted above, the nanoplankton a r e  
the  same as  those found i n  the spring i n  
temperate ponds. They a r e  adapted t o  
cold water; t h e i r  optimum temperature f o r  
photosynthesis i s  15'-20°C. These low 
temperatures do not 1 imi t the a1 gae and, 
i n  f a c t ,  an experimental r i s e  i n  the 
temperature by 4°C did not increase 
photosynthesis a t  a l l  (Alexander e t  a l .  
1980). The ponds a r e  so shallow t h a t  
1 i g h t  was more than adequate; algal  photo- 
synthesis  was a t  a maximum most of the  
time. During June and the f i r s t  half of 
duly there  was even enough l i g h t  f o r  

Figure 12. Rates o f  planktonic primary 
productivib i n  Bonds B and C ,  Barrow, 
1971 (A9 exander e t  a1. 1980). 



photosynthesis t o  proceed a1 1 night. 
Throughout the summer, the  photosynthesis 
r a t e  was so rapid t h a t  the c e l l s  repro- 
duced every 1 / 3  t o  3 days. Yet the number 
of c e l l s  and the chlorophyll i n  the water 
changed very slowly (Figure 11 f . What i s  
the  explanation? 

The answer i s  t h a t  zooplankton graz- 
ing removes algae f a s t  enough to  control 
the  ~ o ~ u l  a t ion.  The dominant zooal ankter.  
~ a p h n i a  middendorffiana, f i  1 t e r s  j - 6  ml o i  
water per hour a t  ZJ?C (Chisholm e t  a l .  
1975); the population of Da hnia f i l t e r s  
the e n t i r e  volume of a pon Se every 2 days. 
There i s  some proof of t h i s  control ;  when 
the zooplankton a r e  removed, e i t h e r  by an 
o i l  s p i l l  or  by s e t t i n g  u p  an a r t i f i c i a l  
pond, the phytopl ankton increase dramat- 
i c a l l y  (Figure 13) .  Zooplankton grazing 
a1 so control s the species composition, 
f o r  the  dominant algal species could be 
changed from Rhodomonas t o  Uro lena by 
the removal of zooplankton ( A  exan e r  e t  
a l .  19801, 

P-if 

The most important control of the 
phytoplankton i s  by phosphorus l imi ta t ion 
of photosynthesis and growth. The spring 
bloom shown i n  Figure 11 begins t o  
decrease l"n ea r ly  July shor t ly  a f t e r  the 
phosphate concentrations fa11 to  1 ess  
than 1 mg 1 i ter ' l  . In a t e s t  of t h i s  
theory by Alexander e t  a l .  (19801, the 
additr'on of phosphorus alone t o  a pond 
rapidly quadrupled the r a t e  o f  photosyn- 
t h e s i s  (Figure 1 4 ) .  This proves t h a t  
s u f f i c i e n t  nitrogen fo r  algal needs was 
present i n  the pond. The phosphorus 
concentrations and supply ra tes  a re  
control  l ed  by the  iron-argani c matter 
complex i n  the sediments (Section 2.4). 
In newly fem-med ponds, where the iron- 
organic complex was not abundant, the 
phosphorus concentration was 20 times as 
g rea t ,  and algal  photosynthesis was 200 
times t h a t  i n  old ponds, In old ponds, 
the  s l i g h t  changes found natura l ly  in 
the phosphorus-bufferi ng capacl t y  of 
sediments i s  r e f l ec ted  i n  the changes in  
a7 gal photosynthesis (Figure 15 1, Tki  s 
dezonstr~tion s f  the sechanism sf the 
control  exerted by small changes i n  P 
concentration over ch'iorophyl'f production 
i s  unique i n  limnology. 

3.2 BENTHIC ALGAE 

Large numbers of small a1 gae a re  a1 so 
found in  the top 4 cm of the sediments; 
most a r e  attached t o  p a r t i c l e s .  The 
majority of these benthic algae a r e ,  l i k e  
the  phytoplankton, l e s s  than 10 vm i n  
s i z e ,  but  a r e  completely d i f f e r e n t  
species. In the  sediments, the dominant 

Figure 13.  The r a t i o  of phytoplankton 
biomass i n  subponds a t  the s t a r t  of the 
experiment t o  t h a t  5, 10,  and 15 days 
l a t e r .  The treatments were as  fo7lows: 
9 j zoopl ankton present  (control  1; 2 )  roo- 
pl ankton absent; 3 )  zoopl ankton absent,  
c i l  added; 4)  zooplankton present ,  o i l  
added ( from A1 exander e t a1 , 1 980 j . 



Figure 14. Photosynthesis of phytoplank- 
ton in Pond D ,  Barrow, before and a f t e r  
the addition of 46.5 g P on 25 July and 
232 g P on 28 July,  1970 (Alexander e t  a1 . 
1980 1. 

May 1 Jun 

forms of the 45 species are Chlorophyta 

Jul 1 Aug - - 

(Chlam domonas, Closterium, Ankistrodes- ~* Cyanophyta mus (Ni  c;-cyst+;; 
=ohonema. and A~hanozomenon - dom-tnance varies frdm ~ o n d  t o  bond and 
even diatoms ( ~ a v i c u l  -- a ,  cymbe1'la) are 
sometimes important. 0et-f the 
biology of t h i s  cornunity are  given in 
Stan1 ey f 1976 1. 

Even t h o u ~ b  these  alga;^ are  abundant, 
u p  t o  4 x 10 c e l l s  m , they a r e  so 
small that  t$e i r  mass i s  only about 
0.5-1.0 g C m (Figure 16 ) .  Yet t h i s  i s  
250-500 i-jmes the phytoplankton biomass, 
2 mg C m -. Over the season, there i s  a 
steady increase in the number and  mass o f  
the benthic algae,  while the productivity 
peaks in July (Figure 16) .  This i s  quite 
d i f fe ren t  from the early a n d  l a t e  summer 
phytoplankton peaks (Figure 12 j . Annual 
producti_o;p e s t ima t e s  range from 410 t o  
10 g C m , about 10 times the planktonic 
production. In deeper lakes, the benthic 
algae are not so productive because of the 
shorter ice-free period, lower l i gh t  
in tensi ty  , and lower temperatures. 
Ikroavik Lake, a 2.2-m-deep lake n q r  
Barrow, had a production of 2 .3  g C m , 
which was about the same as the planktonic 
production (Alexander e t  a7 . 1980). 

In sp i t e  of the sa turat ing l i g h t  a t  
the sediment surface,  the sediments 
rapidly absorb l i g h t ,  so only 10% of the 
aight penetrates t o  1 ail Sn the sediments 
(1% reaches 2 mm). For t h i s  reason the 
production of the benthic algae is l igh t -  
1 imi ted and photosynthesis i s  res t r i c ted  

Phosphate Sorpt ion  I n d e x  
Figure 15. Algal photosynthesis in the  
water column of tundra ponds a t  Barrow a t  
various buffering capaci t ies  of the sedi- 
ment (phosphate sorption index) (from 
Hobbi e 1980b ) . 

t o  the top 2 mn of sediments. B u t  the 
algae are  dis t r ibuted throughout the top 
4 cm of the sediment. Why does t h i s  
happen? The answer developed by Stanley 
(1976) is  tha t  algae are mixed down in to  
the sediment by the a c t i v i t i e s  o f  animal s ,  
par t icular ly  chi ronorni d 1 arvae and tadpole 
shrimp. This s t i r r i n g  is d i f f i c u l t  to  
observe d i rec t ly  but a th in  layer  of sand 
spread on the sediment surface was buried 
within several days. This burial of a1 gae 
severely l im i t s  the population, a s  most of 
the ce l l  5 cannot photosynthesize, They 
do, however, survive f a r  months by the 
sfow respira t ion of storage products and 
can imed i a t e iy  photosynthesize when 
brought in to  the l igh t .  The s t i r r i n g  
a l so  prevents the formation o f  algal mats 
t h a t  can build up i n  shallow ponds when 
animals are  absent ( f o r  example, an t a r c t i c  
ponds described by Hobbie 19831, 

Grazing of algae by animals i n  the 
sediments i s  minor. The protozoans and 
micromctazczns, f r c t j  f e r s ,  g?strcttr'!chs, 
small nematodes) graze select ively  on the 
algae,  r g ~ o v i n g ~  a t  a maximum rate  of 
8 rng C m day i n  these ponds (Fenche'l 



Pond J 1971 - Production P . 0  YE - -- B:omass 

/ 

i 
None a r e  found among the  plankton,  while  
only a few a r e  found i n  the  sediments 
f A1 exander e t  a1 . 1980).  
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Figure 16, Product iv i ty  and biomass of 
ben th ic  a1 gae,  Barraw, 1971 -1 973 (81 ex- 
ander e t  a1 . 19801. 

19751. Nonselective g r aze r s ,  such a s  
chi rononids,  01 i gochaetes ,  and l a rge r  
nematodes i n g e s t  both a lgae  and organic 
d e t r i t u s ,  bu t  the  sediments a r e  composed 
o f  99.7% d e t r i t u s ,  0.06% a lgae ,  and 0.17% 
b a c t e r i a .  Even i f  t h e r e  were a 5 - f o l d  
s e l e c t i v i  t y  fo r  a lgae  over d e t r i t u s ,  t_hf con_sfilmption would be on ly  1 mg C 
day . This t o t a l  feeding of 9 mg C -dfy 
i s  o n l y  a b o u t  2 %  t h e  500 mg C m i n  
benth ic  a lgae ,  

The benth ic  a lgae  a r e  l i m i t e d  by 
n u t r i e n t  a v a i l a b i l i t y  a s  well a s  by 
l i g h t ,  In view of t he  abundant a m o n i a  
i n  t h e  sediments,  ni t rogen should never 
be l i m i t i n g  (Sec t ion  2.41. Phosphorus, 
i n  c o n t r a s t ,  i s  no more abundant i n  t he  
i n t e r s t i t i a l  water  than i n  the  water  
column, so  t h a t  phosphorus should be 
l i m i t i n g  a l g a l  growth here a s  i n  the 
water column. Th i s  was confirmed by aan 
experimental add i t i on  of phosphate t o  a 
pond: production daubled wi th in  a month 
(Alexander e t  a] .  7980). A spec ia l  case  
or" nu t l - len t  il'nth'tdtion is  the si%s'ca-  
diatom i n t e r a c t i o n ,  f n  t h e s e  waters ,  
t h e  s i l i c a  i s  s a  low (averages  0 ,1-0 ,3  mg 
l i t e r - ]  ) t h a t  diatoms do n o t  t h r i ve .  

3.3 EMERGENT PLANTS 

Two rooted aqua t ic  p l a n t s  dominate 
t he  vege ta t ion  of t he  shal low ponds 
throuqhout  t he  Arc t i c  Coastal P l a i n .  The 
waterVsedge  Carex a q u a t i l  i s  i s  a dominant 
t e r r e s t r i a l  ~ l a n t  on t h e  Arc t i c  Coastal 
P l a in  ( ~ e b b e ;  e t  a l .  1980), but  i s  a l s o  a 
f a c u l t a t i v e  hydrophyte found t o  20 cm 
depth i n  ponds (Table 1 ) ,  The pendant 
g r a s s  Arcto h i l a  fu lva  i s  found up t o  a 
depth o*n -r ponds (Bergman e t  
a l .  1977).  Other a a u a t i c  o l a n t s  inc lude  

" 
minimum, and t he  nlosses Dre andocladus 
-r idium 
1977+ 

(- 

Both Carcx and Arctophi la  (F igure  17 )  
reproduce vege t a t i ve ly  through a network 
of hor izonta l  rhizomes and stems connect- 
ing  mother and daugther p l an t s  ( s e e  Alex- 
a n d e r  e t  a l .  1980 f o r  d e t a i l s ) .  Every 
f a l l  t h e r e  i s  a lmost  complete die-back of 
aboveground leaves and s tems:  i n  e a r l y  t o  
mid-June t he  growth begins again from the 
stem base.  The l eaves ,  0 .3  cm wide f o r  
Carex and 8-11 cm wide f o r  Arc t rophi la ,  
l i v e  f o r  40-50 days;  seven leaves  may be 
produced  o v e r  t h e  g rowing  s e a s o n .  - i h c  
r o o t s  o f  Garex a r c  l o n g - l i v e d  (up  t o  7 
y e a r s )  and conta in  90%-95% of t he  t o t a l  
p l a n t  weight.  In c o n t r a s t ,  the  roo t s  of 
Arctophi la  d i e  back each yea r  and contain 
57%-78% of t he  t o t a l  p l a n t  weight during 
t h e  growing s e a s o n .  The p l a n t s  r e a c h  
t h e i r  maximum growth by t he  f i r s t  week in  
August  and t h e i r  mass d e c l i n e s  r a p i d l y  
thcreaf  t e r .  A t  Barrow, the-paximum mass 
f o r  Carex was 292 g dry w t  m aboveground 
and 3119 g belowground. From these and 
o the r  observa t i  on-3 a fqtal ne t  production 
of 300-400 g C m y r  was ca l cu l a t ed  by 
Alexander e t  a l .  ( 1 9 8 0 ) .  This e s t ima te  i s  
f o r  the  p l an t  s t and ,  which i s  302 of the 
pond a r e a ,  The production r a t e s  f o r  
Arctophi la  depend upon the  dens i t y  of t he  
s t a n a ;  I n  t h e  ~ n t e n s l v e l y  s t ud l ed  Barrgy 
ponas the production was about  70 g C m 
but  where t he  p l a n t s  cover t h e - s p - f a q ,  a 
more t yp i ca l  value i s  150 g C m yr  . 



t i o n  ra te  i s  due t o  the 24 hours o f  sun- 
l i g h t ;  the plants have posit ive net  photo- 
synthesis continuously from ear ly  June 
unt i l  the sun begins to s e t  in August. 
Their main adaptation i s  t h e i r  a b i l i t y  to  
function a t  7 ow temperatures. Photosyn- 
t he s i s ,  root  growth, the trans1 ocation of 
carbohydrates, and phosphate absorption 
a1 1 begin when the Carex warms to  0°C. 
However, temperature may s t i l l  be an 
important 1 imi t i  ng factor  f o r  plant growth 
through i t s  e f f ec t  on the regeneration 
r a t e  of phosphorus. 

The leaves of Carex a re  adapted to  
the low angle of the sun ;  the leaves a re  
erect  and angled perpendicularly t o  the 
sun  ' s rays. As a resul t of t he i r  o r i  enta- 
t ion ,  the leaves in tercept  nearly a l l  of 
the l ow-angl ed solar  radi aki on f average 
of 25" from the horizontal on 27 June).  
In sp i t e  of the adaptation, the  so la r  
radiation is  rarely strong enough a t  
Barrow t o  sa turate  the photosynthetic 
mechani sm. 

3.4 ZOOPLANKTON 

Figure 17. Arcto h i l a  fulva ( l e f t )  and 7-e Carex aquati1 1 s rom n o r t h e r n ~ l  aska. 

Where aquatic plants cover more t h a n  
about 10% of  the area of ponds, they will 
be the most imporatnt primary producers. 
The contribution of benthic and pPynktcnjc 
algae together i s  about 11 g C m yr . 
In f a c t ,  the plant production i n  the ponds 
i s  actually higher t h a n  t h a t  of the ad- 
joining tundra (Alexander e t  a l .  19C0). 
This may be the  r e s u l t  o f  higher phos- 
phorus avai labl i ty  i n  the ponds than i n  
the t e r r e s t r i a l  s o i l s ,  or i t  may be the 
r e su l t  o f  bet ter  l i gh t  conditions for 
plants i n  the pond. On the tundra, the 
dead leaves from the previous year remain 

Crustaceans dominate the zoopl ankton 
of ponds and lakes (Figure 18). Rotifers 
are  present b u t  rare.  In general, the  
species are  s imilar  throughout the Arctic 
Coastal PI ain (Reed 7962). Where f i sh  
are  absent, the very large ( 1 - 4 m  in 
1 ength) species bD.  and D, 
m i  ddendo and t h F  shrifiip 
(Branchinecta and Pol artemiella 1 I 9  5 m * i n  length) dominate n deep akes w i t h  
f i sh ,  these Daphnia species and the f a i ry  
shrimp are  replaced by the small, trans- 
parent 5. longiremis (e.g., in Ikroavik 
and Sungoroak Lakes near Barrow) (Stross  
e t  a l  . 19801, Imi kpuk, a deep lake with- 
ou"cfish, contains the l a rge  forms shown 
i n  Figure 98. From t h i s  evidence, i t  i s  
i ikely t h a t  s i re-select ive  predation by 
f i sh  may control the species composition 
of the zooplanktan, 

standing for most of the summer a n d  block 
much o f  the l i gh t .  In  the ponds, the dead A17  crustaceans except fo r  Da hnia 
leaves f a i l  over. have h u t  one generatlan per year. * 

l y ,  the animals oveswfntes as eggs, b u t  
Tbndt-a plants are sc w c f l  adep%ec! t:3 i n  tke case of the cyc3opoid C O D ~ D O ~ S  

a r c t i c  conditions tha t  the? r preducti on is  a preadult form overwjnters i n  
a s  high as t h a t  of temperate plants (Brown n sediments. These ower~in te r ing  
e t  a l .  1980a3, In part  t h i s  h i g h  prociuc- forms begin t o  reproduce shor t ly  a f t e r  the 



Polygon Pond food i s  abundant. This occurs rare ly  a t  
Barrow but may be the rule  in1 and. 

Figure 18. Crustacea found i n  the plank- 
tan of ponds and pools. a t  Barrow (Stross  
e t  a l ,  19801, 

i ce  me1 t s  in June while the other copepods 

overwintering eggs (ephi ppial eggs) hatch 
shortly a f t e r  the ice  melts. The hatch- 
l ings ,  a l l  female, reach maturity in m i d -  
July and release a brood o f  young (12-74 
eggs are  incubated and hatched i n  a brood 
pouch). After t h i s  brood i s  produced, the 
fema3 e s  begin t o  produce overwintering 
eggs (two a t  a time). The brood of young 
may a l so  produce overwintering eggs but 
only when the sumer  is very warn and 

The Da hnia and Diaptomus a r e  f i l t e r -  
feeding FT%- e r  lvores tha t  feed on algae,  
bacter ia ,  and other small pa r t i c les .  
Fairy shrimp a re  a lso  f i l t e r  feeders b u t  
use large par t i c les ,  while cyclopoid 
copepods and Heteroco e are predaceous 
on other zooplan + ton 

The zooplankton are  d i f f i c u l t  to  
sample because they tend to  clump. Fairy 
shrimp, fo r  example, form pairs  during 
mating and a l l  the pairs co l l e c t  in one 
place in  the pond. Large Da hnia often + congregate along the margin o t e pond 
away from the sun; i n  midsummer they may 
actual ly  c i r c l e  the en t i r e  pond over 24 
h r .  The sampl ing problems lead t o  strange 
peaks and troughs i n  the seasonal data 
on abundance, considering t ha t  only one 
generation i s  present, but a general 
picture i s  t h a t  zooplankton 3re qu i te  
abundant  (Tab1 e 1 0 ) .  

T h e  production f f  zooplankton ~ 2 s  
about I mg C l i t e r  or 200 rng C rn . 
During t h e  3-year I B P  s t udy ,  t h e  f a i r y  
shrimp procjyction was 0.8, 0.1, and 0.1 
rng C l i t e r  while t h e  Daphnia praduction -- - 
was 6 .2 ,  0 .8  and 0.5 mg C l i t e r  i n  t h e  
same year (Stross e t  a l .  1980). 

There are  no f i sh  i n  the ponds, so 
the only important predation is  by other 
zooplankton. Dodson and Egger 11 980) 
found tha t  phalarope predation on Da hnia 
was not enough to control the 9h-- Dap n1a 
population. The invertebrate p r m  
web in the Barrow ponds was studied i n  a 
se r ies  of glass j a r s  incubated on the 
bottom of a pond (Dodson 1975). T h i s  i s  
an a r t i f i c i a l  s i tua t ion ,  but the resu l t s  
do indicate the probable strength of the 
in teract ion (Figure 1 9 ,  fable  11 1, Table 
11 shows tha t  the higher the predation 
coef f ic ien t  ( K )  value, the stronger the 
in teract ion.  Cyclops had a high K fo r  
nauplii ( i t s  own or those of other 
c ~ c l o ~ o i d s f  and fo r  Heterecooe nauol i 1. 
~ k t e r b c e  e had a high K f o r  ydung ~ a ' h n i a  
m r o  -85 a i y  k i l l ed  a l l  the y o u n g h  
year,  This was possible because by mid- 
~ L B ' ~ Y ,  when the Ua npria h a t c h ,  the  Wetero- 
co e are  adul t h e y  were not--GEje 

t o  prey on the ;*a t h a t  hatched 
i n  June from the overwlnter~ng eggs. 



In add i t i on  t o  p r eda t i on ,  another  
l i m i t  i s  t h e  food s u p p l y .  Daphnia a r e  
e f f i c i e n t  f eede r s  and become more ef f i c -  
i e n t  a s  they i nc rea se  i n  s i z e ,  The pond 
animals appear t o  be f i l s f r i n g  a t  t h e i r  
maximum r a t e  o f  8 m7 hr f o r  a  2 . 6  mm 
animal (Chisholm e t  a l .  1 9 7 5 ) .  S t i l l ,  i f  
t he  a lgae  a r e  spa r se ,  a s  i s  t he  case in  
t h e s e  ponds,  then t h e  Daphnia growth and 

reproduct ion r a t e  w i l l  be 'lower. S t i l l ,  
the  animals in  t he  ponds were not growing 
a t  t h e i r  maximum r a t e ;  Daphina grown i n  
i s o l a t e d ,  p l a s t i c - l i n e d  pondlets  on t he  
tundra d id  have higher  production r a t e s  
( S t r o s s  e t  a l .  19809. This e f f e c t  could 
have r e s u l t e d  from a  l a r g e r  t o t a l  food  
supply or  by t he  same quan t i t y  of a lgae  
and b a c t e r i a  (good  q u a l i t y  f o o d )  a l o n g  

Table 10. Abundance of zooplankton i n  Barrow ponds ( i n d i v i d u a l s  per 1 i t e r ) .  

TY lse June J u l y  August 

Cyclopol'd excys t ;  5 copepodids e a r l y ,  5 eggs; 10 n a u p l i i  
copepods then a d u l t s  then 35 naupl i i  

Cal anoi d  copepods 1  a t e ,  40 c o p e p ~ d i d s  mid,  6 a d u l t s  5 a d u l t s  

Fa i ry  shrimp m i d ,  hatch;  2  naup l i i  ear ly ,  0 . 3  adul ts  0.3 adults 

Daphni a l a t e ,  hatch;  2-5 young 2-5 a d u l t ;  
7 -3 young of  

2-5 a d u l t s  

t he  y e a r -  

PREDATOR WEB: 
0 -0 
@ i s  eaten by @ 

Dophnta - 
mtddendorffiona 

Branchinectcn paludosa 

Po l  yartemiella hazeni 
- ------- 

Ln 
0) ~- 
u Cyclops 
0, - 
a verna l~s  
cn 

------  - - - - - - - -  

Heterocope 
copepodtds I 

sepfen9rronoirs 
- - - - - - -  -- - - - - - - . .  

Figure 19. Predatory web of the p l a~k ton i c  crustacea i n  Pond C, Barrow (Stross et 
a' i .  1980). 



Table 11. S i z e s  of predator and prey and predation coeff ic ients  fo r  the i n t e r -  
actions shown in Fiqure 1 9  (Stross e t  a l .  1980, modified from Dodson 1975). 

Predator Prey 
Experiment l ength length 

dates (m) bm) K valuea interactionb 

June 20 1.08-1 .I7 
June 20 1.50 
June 26 1.50 
July 3 1.50 
July 6 5.33-6 "66 
July 12 2.32-2.92 
June 30 - July 3 1,50 
June 26 - 30 1.50 
July 4 - 12 2.20-2.66 
July 12 2.32-2.92 
J u l y  12 1.50 
July  '13 2.25-2.66 

a K = predation coeff ic ient ,  l i t e r s  day-f. 
b Interactions are those shown in  Figure 19 .  

An underestl'mate, because a t  l e a s t  ha1 f the copepodi t es  were the nonpredaceous 
C .  strenuus. - 

with a smal ler  quan t i ty  of p a r t i c u l a t e  
de t r i tus  (poor quali ty food). This 
hypothesis was proposed by F1. C .  f4iller 
and R ,  ,I. Daley ( i n  Strass e t  a l .  19801, 
who noticed tha t  the maximum zooplankton 
mass ( a  measure of production) in a pond 
during one year was highest when the POC 
(par t icula te  organic cartlonj was lowest 
(Figure Z O j ,  They believe that  the algal 
and b a c t e r i a l  carbon mass i s  about t t e  
same from year to year (100 mg l i t e r  1 
h u t  t h a t  the  P O T  (mostly poor qua l i t y  
food) changes dras t ical ly  froplone year t o  
tlle next (?SO-600 mg C l i  t c r  1 ,  Oaphnia 
have t o  f i l t e r  a17 th r  par t ic les  making u p  
the PCC dnd thus ohtairi fewer algae and 
bacteria in years when the> PBCiC i s  high, 
becausc their  Food hand] ing apparatus i s  
clogged w i t h  POT, Certainly t h c  
correlation i s  excel lent ,  b u t  i t  i s  
impass i  bte t o  determine i P the toopTankton 
were abundant becausc the P0C was l o w  or 
$ f  the POC was low because the ~ o o p f E i n k t 0 ~  
was abundant. 

In any case,  the zooplankton do not 
appear to  be limited by the cool sunwners, 
a t  l e a s t  not d i rect ly .  As discussed in 

Section 3.1 , however, the 1 ow temperatures 
may we1 l ul limately control productivi ty  
by the e f f ec t  on phosphorus regeneration. 

3.5 BENTHIC ANlWLS 

The larger  benthic animals, mostly 
insects ,  are  extremely important to the 
ecology of the ponds. Not only i s  t he i r  
biomass and productivi ty 1 arger than those 
of any other group of animals, but they 
also continually change the s t ructure  o f  
the sediments by the i r  feeding and 
burrowing. The c i rcula t ion of water 
through t he i r  burrows mixes oxygen i n t o  
the sediment and increases the exchange 
of disso1 ved substances. The benthic 
animals a l  so e a t  zooplankton, microfauna, 
benthic algae,  and each other and are i n  
turn 'food for birds. and even zooplankton 
(see Butler e t  a l .  1980 f o r  a detailed 
discussion),  

I n  %kc ceii",r rof "c? ponds tfiijbre 
21 f , the dominant andmaf s a re  Chi ronomi dae 
( m i  bge larvae)  such as  Chi ronomus , 
Procladius, and Tanytarsus; 3 igochaete -- ------ 



0 200 400 600 800 1000 1200 

Maximal Zooplankton B~ornass, p g C  11ter-I 

Figure 20. POC and percent algae and 
bacteria as a function of zooplankton 
density in Barrow ponds, 1971-1973. The 
value for Pond X in 1971 was omitted from 
the regression as i t  was heavily f e r t i l -  
ized with phosphorus (from Stross e t  a l .  
1988). The l e t t e r s  are pond names, sub- 
script i s  the year, and the triangles 
refer t o  the four points for the right- 
hand axis. 

worms (Tubifex) account for the remainder 
of the TZiK%k (5-25%). The large (3-4 
cm) tadpole shrimp (Lepi durus) , i s  present 
a t  about 1 m-2. Along the edge of a pond, 
amonq the emergent plants, are found 

mids (Cor noneura, 
T r i c h o t i i  

i 1 us and Mi crasema), a - 
~redaceous dvtiscid 

M dro orus), fhirono- 
+ar;!s, and 
m ~ t e  ( 1 e r  ?a),  an 

enchytraeid worm a snail 
(Physa), and a t u  - me Ponds 
further inland %rum the coas t  r a y  a1 so 
contain amphi pods and pel ecypod c f  ams 
(Bergman e t  a1 . 19771, I n  a1 1 ponds the 
insects and molluscs are so large t h e i t  

their mass outweighs the chirononids 
along the edge of the ponds, a t  leas t  on 
an areal basi s .  

Most of the benthic animals in the 
pond are detritivores and most of these 
are deposit feeders. Within the chirono- 
mids there are several types of feeders 
including carnivores. Because the aquatic 
plant zones make u p  only a small percent 
of the pond area, the chironomids are by 
fa r  the dominant group and will be con- 
sidered in more detail along with the 
tadpole shrimp. 

Over 36 species of chi ronomi ds have 
been collected from the Barrow ponds. 
Several of these have adapted to the 
windy environment by dispensing with the 
normal adul t swarnling behavior. Instead, 
mating takes place on the pond surface 
in early to mid-July. For al l  species, 
egg are laid below the water surface and 
larvae hatch within 3 days ( a t  15°C) to 
14 days ( a t  5'C). The larvae then take  
years to pass through four instar stages 
to a pupal stage and then emerge as 
adults. Males of most species form 
aerial swarms and mating and egg laying 
quickly occur. When temperatures begin to 
fa l l  in the l a t e  summer, the larvae spin 
cocoons and spend the winter frozen in the 
mud. The whole development cycle in 
these arct ic  ponds can occur as rapidly 
as 2 years or as slowly as 7 years ( i n  
temperate ponds i t  takes a few weeks). 
~ h e . l i f e  cycle of Chironomus i l icornis  i s  
i l lustrated in Fiqure 22;  t h h a r ,  
pupae, and adul ti are large (pupae are 
16-18 m long) and are harvested t o  some 
extent by birds. 

The larvae occupy the top 6 cm of 
sediments with most i n  t he  top 2 cm. 
Total numbers of larvae can reach 15,000 
m-2 and u p  to 5,000 adults rn-* can emerge 
each year. Estimates of benthic-insect 
production are about 1 g C m-2 y - l ,  we71 
within the range for temperate-zone midge 
populations. 

W i  thi n the chi ronomi d comuni ty there 
i s  a diversity of trophic types. Yost are 
detri  t i  vores and, 1 i ke Chi ronomus, feed on 
material either gathered from near the 
surface of sediments or f i l te red  from the 
water w i t h  nets. 
Corynoneura feed on - 
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Figure ?1. tiab-i t a t s  and principal taxa of benthic animals in a t u n d r a  pond (adapted 
frori l  Butler e t  a l .  1980). 

algae adhering to  the vascular plants.  
One chironomid, Procladius, i s  the most 
conrmsn invertebrate predator. There are 
900 t o  1800 Procladius m-2 i n  the pond 
ceriters; each eats  one fnstar  I1  X chirono- 
mid every 2 days. This i s  about 300-600 
prey day-1 fo r  a Barrow pond. 

Xt i s  amazing that  these midges are 
able  t o  do so well in these a r c t i c  
ponds. What are  the i r  adaptations to  
t h i s  envi rsnment? One adaptation, 
a1 ready mentioned, i s  the redtiction i n  
the  aer ia l  swarming behavior because of 
the  windiness of the Arctic Coastal 
Plain. Another adaptation, perhaps a 
preadaptalion, is  the a b i l i t y  of the 
larvae t o  survive the winter frozen in 
the sediments, However, there are l imi t s  

even to  t h i s ,  as Schol ander e t  a1 , ( I  953) 
found t h a t  larvae from Barrow did not 
survive temperatures be1 ow about -30°C. 
In the laboratory, Butler e t a a l ,  (1 980) 
found tha t  larvae would not grow and mol t 
a t  5°C b u t  would a t  10°C; thus, there i s  
a thresh01 d f o r  these Barrow animals, b u t  
i t  is a l so  true tha t  cer ta in  species a re  
adapted t o  even colder summer temperatures 
and grow and emerge from Char Lake, a deep 
a r c t i c  lake t ha t  does not thaw every year 
(We1 ch 19761, The conclusion must be t h a t  
these chironornids are well adapted to  the  
cold winters and the cool summers. 

I t  may a l so  be the case t h a t  these 
midges do well because some predator i s  
absent. Procladius i s  certain1 y the re ,  
b u t  perhaps the absence of f i sh  o r  dragon- 



f l y  larvae allows a r e la t ive ly  high per- i s  80% vascular p lan t s  (Alexander e t  a l .  
cen t  of the larvae  t o  survive. 1980), then chironomid production of 

0.2-0.4 g C m-2 i s  0.4 t o  0.8%. This 
Ul t imate ly ,  the general level of agrees with Welch's constant .  

production of chi ronomids may be s e t  by 
food avai 1 abi 1 i ty sesul t i  ng from the The source of the food f o r  chirono- 
primary production i n  the  system. In mids i s  d i f f i c u l t  t o  determine. These 
f a c t ,  Welch (1 973) found t h a t  the emerging larvae  a r e  so large  t h a t  they cannot 
insec t  biomass i s  a constant  proportion se lec t ive ly  devour the  benthic algae and 
(0.6%) of the to ta l  primary production bacter ia  which l a t e  up, respect ively ,  
i n  lakes.  I f  the rimary production 0.06% and 0.17% of the organic matter of 
value of 50 g C rn-2 yr-q i s  used, and t h i s  the sediments. The feeding ra te  of the  

Age, y rs. 

Figure 2 2 *  Life cycle of Ghironomers The arrows ind ica te  the time o f  
molting t o  t he  next instaf .  I K m a  



chi ronomids i s  7.5 cm3 m-2 day-' , measured 
by the incorporation of 32~ - l abe l l ed  
de t r i tus .  Yet t h i s  7.5 cm3 contains only 
0.21 mg of algal organic carbon and 0.6 
mg of bacterial  carbon. This i s  l e s s  
than 4% of the carbon requirements of 
the larvae. The conclusion i s  that  the 
chi ronomi d l arvae must get a 1 arge 
proportion of t he i r  food from de t r i tus .  
Cne source of t h i s  de t r i tus  i s  the 
vascular plants along the edge of the 
pond, b u t  the link here i s  based only on 
the production ra tes ;  there i s  enough 
production by these plants t o  support 
the chi ronomid production. 

A second source i s  the peat in the 
sediments which was l a id  dawn when the 
pond s i t e  was land many thousands of 
years ago. Support fo r  t h i s  theory 
comes from the work of Schell (1983), 
who determined from 146 dates that  the 
average age of peat of the  Arctic 
Coastal Plain i s  8,100 years while the 
Carex and Arctophila have the same f 4~ -- 
content as the modern atmosphere. The 
surface sediments of two large oriented 
lakes and par t icula te  carbon from the 
Gelvil le River had ages of 2,000 to 
3,000 years He also found that  an 
oldsquaw duck had an apparent age of 
1,300 years shortly a f t e r  leaving i t s  
pond breeding area in ear ly  August. 
Schell thought i t  l ike ly  tha t  the bird 
was eating organisms ( insec t  larvae?)  
t ha t  had obtained carbon and energy froin 
"che old peat. The theory i s  in teres t ing 
and will be tes ted soon when Schell i s  
able t o  measure the 14& ages of 
chi ronomi ds and other detr i  t ivores.  

A very Jarge benthic crustacean, 
the tadpole shrimp (be idurus a rc t i cus ) ,  
irlhabi t s  on14 bodies o 41- wa"tr-no 
f i sh .  The adult  looks very much l i ke  a 
miniature horseshoe crab. I n  temperate 
regions i t  i s  1 i o ~ i  ted Lo ephemeral ponds; 
on the Arctic Coastal p l a i n  i t  inhabits- 
ponds and shallow lakes, This animal i s  
important i n  the pond because i t  moves 
continuously in the top few centimeters 
of sediment a t  an average speed of 10 c~ 
min-1 and thus mixes the sediment, 
Strass ex a i .  i1980i calcuratea t ha t  
dur ing  August these animals m i x  a31 the 
sediments of  a pond each day. The l i f e  
history of the tadpole shrimp i s  l i k e  

t ha t  of the fa i ry  shrimp; they both over- 
winter as  eggs and have but a s ingle  
generation per year. Eggs hatch in l a t e  
June and planktonic naup'lii are found i n  
the water unti l  ear ly  July (Table 121. 
Then a t  the  time of molt t o  Ins tar  V the 
animals move into  the sediment and become 
very d i f f i c u l t  to  sample. When they 
reappear a t  the surface of the sediment in  
ear ly  August, they have grown from 2 . 6  mm 
to  1 7  mm i n  length and the abundance has 
dropped by 95%. Nothing i s  known about 
the cause of t h i s  mortali ty b u t  i t  i s  an 
important control on production. In mid- 
August, animals longer than 1 7 . 3  mrn begin 
to carry 30-80 eggs internal ly .  Each 
animal i s  se l f  f e r t i l i z i ng .  One t o  three 
eggs a t  a time are carr ied externally fo r  
3 days and f i na l l y  released t o  the 
sediments. About 20 eggs are  deposited by 
the time of freeze in mid-September. 

When they reappear a t  the surface 
of the sediments, the animals' s izes  a re  
indirect ly  re la ted to the area and depth 
of the body of water (Table 1 2 ) .  This 
i s  caused by water temperature; animals 
are  l a rges t  in the shallow ponds where 
the hatching date i s  ear ly  and water 
temperature high compared t o  lakes. 

The planktonic nauplii are  not 
effect ive  f i l t e r  feeders, so are l ike ly  
predaceous. The same i s  true fo r  the 
preadult sediment-dwel 1 ing stage but the 
only firm data comes from experiments 
with adults.  These preyed on large zoo- 
plankters b u t  t h e i r  preferred prey was 
flatworms. Butler e t  a1 . (1 980 1 concluded 
tha t  the production of Lepidurus i s  only 
0.011 g C m-2 yr-7. Yet, top carnivores 
often do have e f fec t s  and the tadpole 
shrimp should not be dismissed as an 
ins ignif icant  cur ios i ty .  

3.6 THE DETRITAI FOOD WEB 

As the emergent plants and the algae 
grow, they reel ease di ssol ved organic 
matter ( D O C ) .  When pl ants and a1 gae die ,  
about 20-40% of the i r  organic matter i s  
leached as  DOC w i t h l ' n  the f i r s t  week or  
so, and the remaining par t icula te  organic 
matter I P O C )  i s  slowly broken down by the 
enzymes of bacteria and fungi. The food 
web tha t  u t i l i z e s  the DOC and POC from 
these sources i s  cal led the detr i  t a l  web, 



Table 12. Mean length (mm) and density (individuals m-2) of Lepidurus 
arcticus in Pond A (PA), North Meadow Lake (NML), and North Meadow Pond 
(NMP) 1973 (Butler et a1 . 1980). 

PA NML NMP 
Date of 

observation Length Density Length Density Length Density 

June 27 1.96 + 0.04 14.6 
June 29 1.93 -i 0.03 14.6 
July  2 2.44 T 0.07 30.6 
Ju ly  4 2.45 T 0.19 30.6 
Ju ly  5 2.62 i- - 0.05 2.0 
Ju ly  30 6.79 - + 0.45 7.0 
Aug. 3 17.16 - + 0.72 0.3 
Aug. 6 10.75 - + 3.26 N.D. 
Aug. 8 27.78 - t 1.16 0.12 
Aug. 11 18.61 - + 0.59 0.5 
Aug. 13 15.89 + 1.74 7.3 28.94 - + 3.73 0.15 
Aug.16 2 1 . 4 5 t 1 . 5 9  1.4 21 .07T1.04  N.D.  
Aug.20 24.56T1.66 1.6 21 .9673 .06  - 7.3 31.30+3.57 - 0.07 
Aug.24 25 .10T1.79  - 1.3 
Aug. 25 33.27 - + 1.67 0.06 
Aug. 26 25.63 - + 2.64 1.3 

The bacteria and fungi have one 
charac te r i s t i c  t h a t  makes i t  d i f f i c u l t  
t o  study t h e i r  ecology, and t h a t  i s  t h e i r  
a b i l i t y  t o  turn t h e i r  a c t i v i t y  o f f  and on. 
For this  reason, t h e i r  presence does not 
mean t h a t  they a r e  respiring.  Another 
problem i s  t h a t  a l l  the  species look 
a l i k e  under the microscope and only a 
small proportion ( l e s s  than 1%) of those 
seen wi l l  grow in  the laboratory.  The 
ecological s tud ies  i n  these ponds are  
rea l ly  s tudies  of what the  whole 
cormunity of microbes i s  doing. 

In the Barrow pond s tudies  (Hobbie 
e t  a1 . 1980) the numbers of bacter ia  i n  
the  water column were mostly between 2 
and 3 x lo6 ml-I throughout the  summer 
except fo r  a r i s e  t o  4-6 x 106 i n  ea r ly  
August (Figure 23).  However, t h i s  r i s e  
may be the r e s u l t  of s t i r r i n g  of the 
sediment by wind. This e a r l y  August 
po ula t ion peak corresponds t o  2-5 mg C 5 m- . Peaks i n  numbers and biomass were 
observed i n  the sediment i n  June and i n  
l a t e  July;  numbers were 1-3 x 101° c e l l s  
(g dry wt l - l ,  or around 1.3 g w2 t o  a 
depth of 5 cm ( t h e  amount per square 

meter i s  about 400 times higher in t h e  
sediments than i n  the  water column). 
The ear ly  season peak of numbers i n  the 
water column is caused by bacter ia  from 
the soi l  in the meltwater entering t h e  
pond. An ea r ly  season peak i n  t h e  sedi- 
ment r e f l e c t s  a burs t  of microbial ac t iv-  

J 
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Figure 23. Numbers of bacter ia  i n  the 
s e d i w n t  of Pond A and  t h e  plankton of 
Pond C,  1973 (from Hobbie e t  a l .  1988). 



i Ly immediately a f t e r  the thaw. This may 
be caused b j  organic compounds released 
f k0m dead microbes during the freezing and 
thawing. These numbers f o r  the water and 
sediment are  s l i g h t l y  high compared w i t h  
v a l u e s  from temperate lakes (1 0-20%). 

Fungi a re  a lso  present in the sedi- 
ments of the ponds A s ingle  d i r e c t  count 
by G. Laursen (quoted in Hobbie e t  a l .  
19801 revealed 1000-1700 rn of hyphae per 
gram dry weight of sediment a t  1-2 cm 
depth and 140-300 m a t  6-7 cm. This 
t r a n s l a t e s  in to  a carbon content of 3.5 g 
m-2, o r  3 . 3  times the bacterial  biomass. 
The value is s imilar  to those f o r  temper- 
a t e  s o i l s ,  b u t  there have been no other 
coun ts  made fo r  ponds anywhere. 

One measurable e f f e c t  of microbial 
a c t i v i t y  i s  the decomposition of the 
1 eaves of Carex a u a t i l i s ,  the  dominant 
primary producer --?-?T- o t e ponds. This was 
measured in the Barrow ponds by incubation 
o f  leaves in l i t t e r  bags made of nylon 
mesh (Hobbie e t  a l .  1980). By the end 
o f  the f i r s t  summer (8 weeks of actual 
i ncubatian time) 75.6% of the  leaves 
remained (Table 13). A t  the end of the 
f o u r t h  summer, the leaves were completely 
decomposed. Other types of experiments 
showed tha t  about 25% of the l o s s  was by 
leaching of DOC, 16% by microbial action 
%hydra lys i s ) ,  and the r e s t  (59%) was l o s t  
by breaking u p  in to  very f ine  POC ( t r i t u -  
r a t i o n ) .  There f ine  par t ic les  a re  l a t e r  
broken down by microbes, eaten by insect  
l a r v a e ,  or Incorporated in to  the sedi-  

ments. Compared with ra tes  i n  temperate 
ponds, the decomposition i s  slow b u t  can 
be explained by the  shor t  period of 
microbial a c t i v i t y  (only 3 months per 
year )  and the low temperatures. 

A l a rger  scale  measure of microbial 
a c t i v i t y  i s  the  respira t ion r a t e  of the  
sediment community. Here, the r a t e  of 
production of C02 from the e n t i r e  commu- 
ni ty  i s  measured by the incubation of 
cores and par t i t ioned into the microbial 
and nonmicrobial par ts .  Miller and Reed 
(1975) found t h a t  there was 2 . 5  times more 
respira t ion in the plant stands than i n  
the center of the pond, apparently caused 
by root respira t ion or the increased 
decomposition caused by the  addition of 
organic matter (dead roots)  in to  the sed- 
iment. Total respira t ion averaged 20 g C 
m-2 yr-l  over the  e n t i r e  pond (3  years of 
measurements). The chironomid respira t ion 
was 3.0 g C m-2 yr'l ,  benthic algal respi-  
ra t ion was 1.5 g C m-2 yr- l  and micro- 
benthos about 1.4 g C m-2'yr-1. The 
remainder, 14.1 g C ,  was mostly bacter ia l  
respira t ion b u t  some root respira t ion 
may a1 so have occurred. 

The to ta l  respira t ion i n  a Barrow 
pond was a l so  calculated by measuring the  
movement of C02 from the  water t o  the a i r .  
Coyne and Kelley (1974) used gas analys is  
of C02 t o  es tab l i sh  the par t ia l  pressure 
gradient from the  water to  the  a i r  (nearly 
400 ppmf a ~ d  the  evasion coef f i c ien t  ( t h e  
r a t e  of movement of C02 from the water t o  
the a i r  per atmosphere of gradient) .  They 

i a b f e  13.. T i r w  course of che percent o f  decomposition of C ~ E  aqua t i l  i s  
lcdvus incubated i n  0.02 mm nylon rriesh bags  i n  a Barrow p o n d T ~ o b b i e  e t  a1 . 
1'380). 

incubation Lime Fraction of i n i t i a l  Loss by Loss by Loss by 
( y r )  w e i g h t  remaining 1each.ing hydrolysis tri tura t ion 

-. (%> (X ) (%> (%I 



calcula ted the  loss  t o  be 45 g C m-2 yr-l . 
T h i s  i s  about twice the  value deri  wed from 
the  sediment incubations, but does confirm 
the  magnitude of the loss .  In con t ras t  t o  
t h i s  20-45 g, the loss  from s o i l  from a 
nearby wet meadow was 160 g C m"2 yr-I 
(F1 anagan and Bunnel 1 1980 1. 

The annual production of bacteria 
was calculated by Hobbie and Rublee (1975) 
from resp i ra t ion ,  changes in  biomass, l o s s  
t o  predation, and methane production. 
They estimated a gross production of 
22.5 g C m-2 yr-l  and a net  production of 
13.1 g C m-2 yr - l .  The predation term 
was divided in to  1.0 g C m'2yr; O i  chironomid grazing and 2.0 g C m- y r -  
of microbenthos grazing. 

In par t  because of the  l a rge  amounts 
of bacter ia l  production and the d i f f i c u l t y  
of accounting for  i t s  f a t e ,  a study was 

zooflagellotes -.------ I 
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Figure 24. Numbers and biomass s f  zoo- 
f l  age1 l a tes ,  c i l i a t e s ,  and micrometazoa 
i n  the sediment of Pond B, Barrow (from 
Hobbie e t  a1 . 1980 1. 
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made a t  Barrow of the microbenthos and i t s  
e f f e c t  on the  sediment algae and bacter ia  
(Fenchel 1975). The microbenthos cons i s t s  
of protozoans (zoofl age1 1 a t e s  and c i l  i - 
a t e s )  and micrometazoans ( t u r b e l l a r i a n s ,  
nematodes, harpacticoi d copepods , ostra-  
cods, r o t i f e r s ,  gas t ro t r i chs ) .  These 
were almost a l l  r e s t r i c ted  t o  the  upper 
2 cm of sediment by the  anoxic conditions 
i n  the deeper layers.  In one pond 
(Figure 24) the small zoof lagel la tes  were 
numerically the most important par t  of the  
microfauna (1010-1011 m - 2 )  while micro- 
metazoans were present a t  105-106 m-2; 
however, the  biomasses of the  two groups 
were equal. Nematodes, r o t i  f e r s  , and 
harpacticoid copepods have approximately 
equal numbers a t  20-40 x 103 r2. These 
values a r e  typical  of temperate marine 
and freshwater shallow sediments. 

10 
A u g  

Most of the  grazing of bacteria i s  
by zoof lagel la tes  and most of the grazing 
of algae is by the micrometazoa (Figure 
25). A11 of the  grazing removes only 1% 
of the biomass of bacteria and algae in  
the sediments per day; this i s  about 20% 
of the bacter ia l  and 5% of the  algal  da i ly  
production so grazing may exer t  some con- 
t ro l  on these populations. 

Ca rn ivo rous  
C i l i d t e s  
0.1 mi: C i 1 

Figure 25. Carbon flow through the  gro- 
tozoans and m i  crometazaans of the s e d i m n t  
of a Barroii; pond. &?its are mg C m-2 
day-l f o r  the f luxes and rng C m-2 fo r  the  
standing craps (from H ~ b b i e  1980b a f t e r  
Fenchel 1975 1. 



CHAPTER 4. 
PRODUCTION AND CARBON FLUX IN A COASTAL POND 

There a re  a number of approaches t o  
ecological s tudies  of wetlands such as  the 
Arct ic  Coastal Plain. Results of some of 
these  approaches, such as  descriptions of 
environmental in f l  uences, descriptions of 
t h e  roles  of individual populations, or 
t h e  determi nations of factors  control 1 i ng 
pspulations , have been presented i n  the 
previous chapters. The carbon flux of an 
ecosystem i s  a l so  a useful way t o  describe 
the  ecology of wetlands. I t  has the 
advantage t h a t  there are  internal checks 
of the accuracy of measurements; the 
carbon moving through any par t  of the 
ecosystem must agree w i t h  the amount 
avai lable  From lower trophic levels .  I t  
a l s o  has the advantage tha t  i t  forces 
ecologis ts  t o  examine par ts  of ecosystems 
t h a t  a r e  d i f f i c u l t  to work on o r  are  
otherwise unpopular or  ungl amorous. T h i  s 
i s  the reason tha t ,  in the  19601s, limnol- 
agy studies a t  Barrow were devoted t o  the 
zooplankton and phytoplankton whereas the 
intensive s tudies  i n  the ea r ly  1970's 
focused on the benthic a lgae ,  microbes, 
and chi ronamids. 

The values fo r  production o r  net 
growth o f  microbes, plants,  and animals i n  
a single Barrow pond (Pond B )  a re  summar- 
ized 4 n Table 14, However, the production 
of fungi is missing and i t  must be a t  
l e a s t  equal to  that  of the bacter ia .  
Psinary production i s  dominated by the 
vascular p lants ,  which a r e  
i n  Pond B. The value in  Ta 
one-third of the production i n  the plant 
stands as the  Carex occupies only one- 
t h i r d  of the paiGTFSti11, i t  i s  amazing 
t h a t  Carex is able  to  achieve the same 
productivity as  temperate-zone plants.  

There i s  no insect  herbl'vore i n  the 
pond tha t  grazes on the Carex. A s  a 

Table 54. Annual C production ( g  C m-2)  
of Pond B communities a t  Barrow (Hobbie 
1980b). The values are  fo r  t h e  e n t i r e  
pond divided by the pond area.  

Type of communi ty  Production 
( 4  C m-2)  

Phytoplankton 
Benthic a l  gae 
Vascular plants 
Zooplankton 
Benthic animals 
Mi crobenthos 
PI anktonic bacter ia  
Benthic bacter ia  
Protozoa 

r e s u l t ,  a l l  of  the production en te r s  the 
d e t r i t a l  food web. Production of benthic 
animals and of bacter ia  i s  high; i t  i s  not 
known how much the benthic animals use the 
high-qua1 i ty  food resource of the  benthic 
a lgae  and how much they use the  p l a n t  
d e t r i t u s  di  rec t7y . Ws noted earl  i e r ,  
Schell (13831 believes t h a t  the benthic 
animals are able t o  use some of the 
ancient peat deposits  for  food. 

Xn con t ras t  to  the h i g h  productivity 
of the plants and the d e t r i t a l  food web, 
the planktonic food chain i s  low i n  
productivity. Algal production i s  low i n  
the water column and t h i s ,  i n  turn, leads 
t o  law zsopl ank ton production. 

Ultimately, almost a l l  af the c a r b ~ n  
fixed by both algae and vascular p lants  
i s  decomposed by microbes- One m i g h t  
think t h a t  the detailed measurements of 



the  major production and decomposi t ion numbers, production and decomposition, a r e  
processes would allow a determination of s ign i f i can t ly  d i  f f e ren t .  Thus, the ques- 
whether o r  not  the  Pond 5 sediments t ion about the possible accumulation of 
accumulated organic matter during the IBP organic matter i n  the sediments cannot be 
study period. However, i t  i s  c l e a r  t h a t  answered despite the  deta i led  IEP study. 
be1 owground processes a r e  the dominant 
ones i n  t h i s  pond and the  accumulation Another way t o  look a t  the various 
and release of carbon in  the roots of interconnections within this pond ecosys- 
Carex is poorly known. This uncertainty,  tem is by a carbon f lux diagram (Figure 
s t h e  normal +lo% or  so e r r o r s  i n  any 26). T h i s  type of diagram i l l u s t r a t e s  
biological  measurZment, make i t  impossible how f a s t  various stocks a re  turning over 
t o  say i f  the  est imates of two large  and t h e i r  r e l a t i v e  s izes .  Similar 

Figure 26. Carbon i ? u x  through a typical tundra pond. Af:  data were calcula ted for 
a s ingle  day, 12 July 3971. On this date the average depth of the  water was 10 cm 
and the  depth of the sediment was taken a s  5 cm. Units of the standing crop f i n  
boxes) a re  mg C and of t r ans fe r  r a t e s  {arrows) a r e  mg C (Hobbie 198Qb). 
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diagrams for  t h i s  tundra pond were pub- 
1 ished fo r  phosphorus and nitrogen (Hobbie 
1 98Ob 1, 

The f l  u x  d i  agram innnediate'l'y confirms 
tha t  processes related to  the Carex domi - 
nate the carbon and energy f E f  t h i s  
pond. For example, the two la rges t  fluxes 
of carbon in the water column are the 
release of DOC from the submerged leaves 
and stems of Carex and the t ransfer  of DOC 
from the n e w T t r i t u s  of the sediment 
surface to  the water column. In the sed- 
iment, the carbon i s  transferred from the 
plant by excretion from roots as  DOC (very 
d i f f i c u l t  to measure), by death of root 
hairs  and small roots,  by death of l a rger  
roots ,  and by root respiration.  L i t t l e  i s  
known of these t ransfers  from the roots 
because i n  any measurement in the f i e l d  i t  
is impossible to separate microbial from 
root act ivi ty .  In the laboratory the 
conditions are  so a r t i f i c i a l  tha t  the 
ra tes  of root growth, root hair  death, or 
release of DOC may be experimental a r t i -  
facts .  Root respiration i s  undoubtedly a 
large part  of the to ta l  sediment respira- 
t ion b u t  the exact value i s  uncertain. 

The best  known part of the carbon 
flux is  the t ransfer  from the water to 
the a i r .  ( i n  I igure 26 i t  i s  460 rng C cw2 
day-" ) As mentioned i n  Section 3.6, 
the par t ia l  pressure of C O 2  was measured 
continuously i n  the pond water and conse- 
quently a continuous record of eff lux from 
a Barrow pond was calculated (Coyne and 
Kelley 1974). The to ta l  , 45 g G m-2 yr-I , 
i s  l e s s  than the vascular plant production 
of 96 g 6 y - 1  (Table 74). The con- 
clusion i s  t h a t  the pond sediments are 
l ike ly  to  be accumulating some organic 
matter each year. This does not rule out 
some use of the old peat. 

The major par t  of the ntetabolic 
a c t i v i t y  of the pond biota ,  aside From 
tha t  i n  the Carex, i s  in the sediments and 
i n  the o r g a n x o f  the de-trital food web 
( f igure  2 6 ) .  T h i s  a c t i v i t y ,  a s  shown by 
carbon f lux,  i s  driven by the energy from 
the decomposition of Carex as well a s  by 
the production of the-fG%Fhic algae. The 
de",ri t z s  prou%des iz trenendons rcscrvo.;r 
of food for  animals and a steady supply of 
nutr ients  f o r  the benthic algae and f o r  

the Carex. The flux diagram a1 so reveals 
t h a t  algae and bacteria of the  
sediments have large biomasses but low 
rates  o f  growth per u n i t .  Average genera- 
t ion times may be about 7 days. Despite 
these re la t ive ly  large biomasses of a1 gae 
and bacter ia ,  the kilogram quantity of 
de t r i tus  i s  so great  tha t  l a rger  animals 
use large amounts of this low qual i ty  
food. Small anl'mals such as  protozoans 
and nematodes, can s e l ec t  the high 
quali ty algae and bacteria as  food. 

The contras t  between the  sediment and 
water divisions of the pond ecosystem i s  
dramatic (Figure 26); the l iv ing  mass of 
organisms and t he i r  a c t i v i t y  are 750 times 
higher i n  the sediments than in the water. 
The amount of de t r i t u s  in the water is 
very low, b u t  t h i s  par t icula te  matter 
moves back and forth from water t o  sedi-  
ments depending on the wind-driven turbu-  
lence. One material tha t  i s  present i n  
about the same quantity i n  both water 
column and in the i n t e r s t i t i a l  water of 
sediments i s  the DOC. The turnover of a 
very small f ract ion of t h i s  DOC was 
measured fo r  the plankton; t h i s  rapidly 
cycling f ract ion i s  probably about 20 mg C 
out of the 1,250 mg C m-2, o r  about 2%. 
The remainder of the DOC i s  probably 
biologically i ne r t  and t h i s  i s  the reason 
t ha t  the concentrations are  so s imilar  
i n  the water and in the sediments. 

The planktonic part  of the pond 
ecosystem i s  strongly affected by the 
sediments. For example, the planktonic 
bacteria obtain an important portion of 
the DOC they use from the sediment 
de t r i tus .  T h i s  par t icular  link i s  con- 
firmed by comparison of the bacterial  
ac t iv i ty  and phytoplankton productivity 
in ponds and Takes around the world 
(Hobbie and Rublee 79751; the bacter ia l  
ac t iv i ty  i n  the Barrow ponds i s  a t  l e a s t  
10 times higher than expected from the 
a7 gal production, Another important 
l i n k  could be the feeding of zooplankters 
IDaphnia) a t  the surface of the sediment 
(Stross e t  a1 . 1980). However, the most 
important e f f ec t  i s  through the sediment 
control a f  the concentration of phosphate 
i~ th2 9 ' t ' ~ t~ r  [Prtntk: " 81. 19e0j; t h f s  
r e su l t s  in a very low r a t e  of planktonic 
production and carbon flux {Figure 261, 



CHAPTER 5. 
WETLANDS AND BlRDS 

The birds t h a t  use the wetlands of 
the Arctic Coastal P I  ain are predominantly 
migratory and many are important game 
birds. These birds are a t  the top of both 
the grazing food chains and the detritus 
food chains, but have been omitted from 
the discussion u p  to this point because 
their biomass i s  insignificant per square 
meter. For example, i f  there are 50 birds 
k w 2  (Derksen e t  a l .  1981 1, and each 
weighs 100 g (dry w t ) ,  then the b i r d  bio- 
mass i s  about 2 mg C m-2 or about the same 
insignificant amount as the planktonic 
a1 gae in a pond. Yet, the somewhat rare 
animals a t  the top of the food chains can 
affect the structure o f  that chain by, for  
example, selectively preying on large 
organisms. 

5. f DI STRIBUS1 OM AND ABUNDANCE OF BIRDS 

The l i terature on the birds of the 
Arctic Coastal Plain has been recently 
reviewed by Oerksen e t  a1 . (1981 1. They 
also give weekly censuses of birds for 
six s i t e s  (see Figure 1 for  locations),  
Two of these s i t e s ,  Singiluk and Square 
Lake, are inland near the foothills in 
f l a t  t o  gently rolling terrain. Two are 
coastal (Neade River de? ta and Storkersen 
Point) and two are in a region of large 
lakes. The percentage composition of the 
wetlands a t  these six s i t e s  i s  given i n  
Table 3. 

Reserve-A i n  July 1977 and 1978. ( T h i s  i s  
about 80% of the area of the Arctic 
Coastal Plain. However, when they feed 
the wading shorebirds u t i l ize  the tundra 
i t se l f  and exposed sediments of temporary 
wetlands rather than the ponds or lakes. 

Phalaropes, both red and northern, 
are the next most common group. These 
shorebirds eat  the large planktonic and 
sediment animals s t i rred up  by their  
characteristic behavior of swimming in 
tight circles in the shallow ponds. 

Ducks make use of the ponds for food 
and for  breeding. The most abundant i s  
the pintail followed by the oldsquaw and 
the three species of eiders. 

Geese are locally abundant b u t  only 
the white-fronted geese and black brant 
breed in considerable numbers an the 
Arctic Coastal Plain. King (1970) es t i -  
mated 50,000 white-fronts on the Arctic 
Slope, dispersed widely across the Coasta? 
Plain, As many as 17,000 brant breed 
along the coast. Canada geese occur 
locally i n  the upper Colvilf e River and 
Prudhoe flay areas and Alaska's only snow 
goose colony i s  near the Sagavanirktok 
River delta. 

5.2 BIRD ENERGETICS 

Most o f  the food of the wading shore- 
The wading shorebirds, in particular bfrds i s  insects from the so i l ,  MacLean 

the pectoral sandpiper and the dun1 i n ,  are  ( I  3801 calculated t h a t  food needs of the 
the most abundant birds using the wetlands shorebirds a t  Barrow i s  about 0.1 g C m-2 
(Appendix 1) .  King (1970, quoted in DerK- yr - t  ; he be7 ieved the birds  are so d q e n -  
sen e t  a1 . 5987 ) estimated that 4.6-4,8 d e n t  upon the i nsec ts  that the timing o f  
mil 1 ion shorebirds made up 94 -93% of the breeding i s  delemined by the emergence o f  
waterbirds jn the Mati onaf Petrol eun a d u l t  dipterans, Prior t o  the emergence 



of  the d ipterans ,  adu l t  b i rds  feed heavily 
on dipteran larvae  from beneath the so i l  
surface.  About 40% of t h e i r  prey i s  
larvae  and adu l t s  of the cranefly (Tipula 
ca rn i f rons )  and another 20% i s  two other 
cranef ly  species. About 23% of the to ta l  
cranef ly  emergence i s  eaten by avian 
predators. 

Another group of shorebirds,  the red 
and northern phalaropes, e a t  the pond 
inver tebra tes .  Both adu l t  and 1 arval 
chironomids and Da hnia a r e  taken (Holrnes 
and P i t e l  ka 1 9 6 8 h n  and Egger 1980). 
The e f f e c t  of t h i s  predation on the ch i r -  
onomids was thought to be small by Butler 
e t  a1 , (19801 but Dodson and Egger (1980) 
concluded t h a t  Daphnia popul a t1  ons and 
population dynarn~cs could be affected.  
They studied the feeding of caged red 
phalaropes and found t h a t  the normal 
density of 2,5 birds  per ha ( a t  Barrow) 
would not a f f e c t  the Da hnia populations. 4T- However, a flock o f  a c t ~ v e  y feeding phal- 
aropes might remove so many of the large  

t h a t  the population s t ruc tu re  
h i f t  to  sfnall species ( s imi la r  t o  

the e f f e c t  of planktivorous f i s h ) .  The 
only estimate of the  Food requirements of 
the red phalarope i s  0.5'1 g C rne2 yr-l, 
made by Mactean f1980). This i s  only a 
small percentage of the inver tebra te  pro- 
duction of 1-85 g C m-2 yr'l (zooplankton 
0.2, benthic animals 1.651. While i t  i s  
possible t h a t  a high concentration of 
birds in  one place could have an impact, 
a l l  the  ponds ever sampled a r e  domf nated 
by the large  zooplankton specjes so any 
d r a s t i c  impact of these b i rds  must be 
very i o c a l ~ s e d .  

Loons use the edges of  ponds and 
i s l e t s  for  nesting,  but a r c t i c  loons 
prefer large  ponds w i t h  stands of Arcto- 
ph i l a  while red-throated loons m r  
s a ,  par t i a l  'fy-drained basins (Bergman 
and Derksen 1977). These authors found 
t h a t  a r c t i c  loons fed t h e i r  young pond 
invertebrates such as  tadpole shrimp 
t Lepidurus) , fa i ry  shrimp, and caddis f l y  
1 arvae (Trichoptera 1. 181 con t ras t ,  the 
red-throated loons carr ied  marine f i s h ,  
such as  a r c t i c  cod, back t o  the young, 

repor ts  of food habi ts  of these b i rds  on 
the Arctic Coastal Plain;  f o r  example, 
Derksen e t  a1 . (1982) mentioned t h a t  
Canada geese, whi te- f  ronted geese, and 
brant grazed on  f ine  grasses and sedges 
adjacent t o  l a rge  lakes during t h e i r  molt 
near Teshekpuk Lake (Figure 1 ) .  

5.3 WETLAND USE 

The percentage use of the various 
c lasses  of wetlands i s  given in  Table 15. 
The tab1 e a l so  indicates  when the  number 
of b i rds  using a pa r t i cu la r  c l a s s  of wet- 
land was s ign i f i can t ly  greater  than the  
number expected (based on the t o t a l  a rea  
of wetlands and the area of the pa r t i cu la r  
c l a s s ) .  The following information i s  from 
Bergman e t  a1. (1 977). 

CLASS I :  Flooded Tundra. The primary 
use i s  by red phalaropes, a1 though 
there  was some use by p i n t a i l s  before 
and a f t e r  t h e i r  molt in  July .  

CLASS 11: Shallow -- Carex. Most of 
the species in Table F c c u r r e d  on 
Shall ow--Carex ponds, but  only adul t 
01 dsquaws- i%'"  king e$  der hens w i  th  
broods fed there and used the ponds 
s ign i f i can t ly .  

CLASS 111: Shallow -- A r ~ t o p h i l a .  
'The shallow water and the extensive 
stands of the  grass provided feeding 
hab i t a t  and cover. There was exten- 
s ive  use by p i n t a i l s  before and a f t e r  
the molt. 

CLASS IV: Deep -- 
were the principal 
waterfowl except f o r  whi te-fronted 
geese and pi ntai  l s. Swans a1 so nest-  

t h i s  type of pond and used 
wetlands f o r  concealment. 

r s  used these wetlands 
before, durjng, and a f t e r  nesting and 
v i  rdua11 y a1 1 observations of adul t 
spectacfed eiders were en t h i s  c l a s s  
of wetland. Black brant  and loons 
a lso  used these wetland areas  f o r  
nesting. There was al  so s i g n i f i c a n t  
use by I ' t~nns ,  

Geese and swans mostly graze on veg- CLASS V:  Deep -- Open. There was 
e t a t i o n ,  especia l ly  rhizomes and young some use of these lakes by a r c t i c  
shoots, There have been only a few loons a f t e r  nesting, b u t  most use was 
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Table 15. The locations of loons and waterfowl at. Storkersen Point. Data are 
reported as percentage of the total sightings. Parentheses give the numbers of birds 
observed or the number of broods of the king eider (from Bergman e t  a l .  1977). The 
chi-square values refer  to differences between the observed numbers of birds using a 
wetland class and the numbers expected from the total numbers of birds i f  they were 
distributed across a l l  classes according to the relative areas of the classes. 

Flooded Shal I ow Shall ow Deep Deep Basin Beaded Coastal 
tundra Carex Arcto hila Arcto hila open complex stream wetland 
(11 Tnft- + r v ,  i v i ,  c v ~ ,  c v i I I 1  

Arctic Loon 
Pre-nest (31)  - . . 

Nest ( 7 9 )  - 
Post-nesta (57 1 - 

Red- throated Loon 
Pre-nest (55) - 
Nest (115) - 
Post-nesta (65)  - 

Black Brant 
Pre-nest (55 1 - 
Nest ( 2 2 )  - 
Post-nesta (12)  - 

Wki te-fronted Goose 
Post-nest ( 1 8 9 )  - 

P i  ntai 1 
P r e - m o l  t (544 ) 8 

Molt (270) - 
Post-mol t (877 1 9 

Kin Eider * (23) - 
Nest (188) - 
Post-nestb (87) - 
Brood - 

Nest (9 )  - 
post-nestb ( 7 )  - 

01 dsquaw 
Pre-nest 1223 1 - 
Nest (261 1 
post-nestb (345) - 

TOTAL f 3,763) 3 

a Adults and young, 
b ~ d u l  t s  only. 
* Chi-square value significant ( P  < 0.05). 
**Chi-square value h i g h l y  significant (P 0.01 1.  



by white-fronted geese and Canada 
geese during t h e i r  wing mot t in  t h e  
l a s t  half  of J u l y  and i n  August. 
O l  dsquaws, femal e s  and broods, a1 so 
gathered an deep-open 1 akes during 
t h e i r  mol t. 

CLASS VI: Basin -- Complex. P i n t a i l s  
p r e f e r r ed  ponds in  these  bas ins  
throughout t he  summer and spen t  much 
of t h e i r  time feeding.  King e i d e r  
a l s o  used t he se  ponds as  gathering 
p laces  f o r  l a r g e  f locks  i n  e a r l y  
June. Both spec i e s  of loon used 

t he se  ponds f o r  ne s t i ng  and brood- 
r e a r i  ng. 

CLASS VII:  Beaded Streams. All 
spec i e s  of loons and ducks i n  the 
a r ea  occas iona l l y  used beaded 
s treams.  

CLASS VIII: Coastal Wetlands. These 
coas t a l  lagoons and brackish  ponds 
were mostly used by p i  n t a i  1 s , wigeon, 
and migra t ing  black b r a n t ;  a l s o ,  
black b ran t  moved t o  coas t a l  s a l t  
marshes a few days a f t e r  t h e i r  
young hatched,  



CHAPTER 6. 
KFFECE SF HUMANS ON WETLANDS 

6.1 OIL-SPILL EFFECTS 

The production of o i l  a t  Prudhoe Bay 
has stimulated research on e f f e c t s  of an 
o i l  s p i l l  on coastal  p'l a i n  wet1 ands. 
Because the  I 'ntensively s tudied ponds a t  
Barrow could be used as  controls ,  an 
experimental s p i l l  was made i n  a pond i n  
July of 1970 and the recovery followed 
fo r  7 years. (Details are given i n  
Barsdate et a l .  1980. ) 

The s p i l l  was four b a r r e l s  of crude 
oi l  o r  1.6 l i t e r  rn-2. The wind immediate- 
l y  moved the o i l  to  the  edge of the  pond 
where most became trapped i n  the vegeta- 
t ion and l i t t e r .  Some o i l  f loated f o r  
about a month but by the  end of the  summer 
most of i t  had s u n k .  Af te r  several years 
a t  l e a s t  half the  o i l  was s t i l l  present ,  

covered by debr is  and organic matter; i t  
s t i l l  welled u p  and created a scum when 
disturbed.  After 5 years  the o i l  remain- 
ing had v i r t u a l l y  the same chemical corn- 
posit ion as the o i l  in  the fresh s p i l l  
except fo r  the l o s s  of low molecular 
weight hydrocarbons. 

The zooplankton community was the 
most strongly af fected by the  o i l .  A 
second t e s t  s p i l l  i n  1975 revealed tha t  
f a i r v  s h r i m ~  were a11 k i l l e d  a f t e r  1 day, 
~ a ~ h n i a  a f t e r  3 days, and Heteroco e a f t e r  

a l e  1 6 .  D a d  fa i ry  
s h r i m ~  did not return Ph- t o  t e 1970-spill 
pond un t i l  1976. 

The phytoplankton comuni t y  responded 
t o  the oi l  by a 50% reduction o f  primary 
productivity fo r  several weeks f o l l  owed by 

Table 16. Sequence of disappearance of zooplankton species  from Pond Omega 
following an o i l  s p i l l  of  0.24 1 i t e r  m-2 on 9 Ju ly  1975 (Barsdate e t  a1, 1980). 

Observed Presence a f t e r  m i l  l a  

Species observed 7/10 7/91 7/12 7/14 7/16 7/78 7 f 2 1  7/23 7/29 

fairy shr imp 
(both species)  

X O O O O O O O O  

Daphni a m i  ddendorf fi% X X X O O O O O O  

Cyclops spps X X X X X X X X X  

a An " X u  i nd ica tes  t h a t  a representative of t h a t  species o r  group s f  species 
was found a l ive on t h a t  day. An "0" indicates  t h a t  no individual of t h a t  
spec ies or group was Found a1 i v e  on t h a t  day, Source: O r  Brien 1978, 



an apparently complete recovery. There 
were, however, other changes and the 
dominant nanop? ankton a1 gae, Rhodononas - 
minuta, was replaced by UFO lena sp. 
m e  21 1. The R h o d o m o = h  not 
return t o  t h i s  pond unti l  1976, the same 
year the Da hnia and fairy shrimp reap- 
peared IFe &- e r  e e t  a l .  1979). Other t e s t s  
showed tha t  t h i s  replacement i s  caused by 
the removal of  the zooplankton, not by the 
toxici ty  of the o i l .  lhe exact mechanism 
of t h i s  interaction i s  unknown b u t  i t  
could be grazing pressure o r  the enhance- 
ment of the nutr ient  cycling r a t e  by the 
roopl anktan. 

The s p i l l s  had l i t t l e  c f f ec t  un the 
nunlbers and production of chi ranomids b t a t  
one genus, Tan~ta rsus ,  was near1 y el i i n i  -. 
nated from 's@-T6??ri. Bcetl e s ,  caddi s- 
f l i e s ,  s toneff ics ,  and sna i l s  were a l s o  
d ras t i ca l ly  affected; n~ost o f  th t :s~ 
anintals l ?ve  only i n  the plant beds and 
itlay have become drdpped in the e t i  l on 
plant, stenis. fhcse inc,ects wet-c s t i  l 1 
absent 6 years a f t e s  the $pi 1 I .  

Thcrc i s  a1 so inforiitdtiun on ~lff(xLt'i 
of crude o i l  on Carex troni thc studies o f  
Walker ed a1 . f tgn7- a t  Prudhoe Ray. The 
plants i n  wet sides werc l e s s  susceytihltt 
than Chose sf dr.l@r sf Ces and 37 1 plants 
were much rnure affected by refined o i l  
(gtzscline and dirse'l fuel 1 than by ~rlaiic 
oli I ,  

When an o i l  s p i l l  i s  rc la t ivcly  
' l ight,  8s i n  thcsc experiments a t  Barrow, 

sp. and (sf Rhodot~wnas mr'rruta i p t  

I pond, 1 9m7TaT<Gt6T- a 7 , 

the best treatment s f  a spit1 would be t o  
absorb the floating o i l  ( e .g . ,  wi th  straw 
or p las t i c  sponge absorbers),  then to  
Flood the marsh to f l oa t  the o i l  away from 
1 i t t o r a l  plants,  and then to  absorb the 
floating o i l  again. The biota of the pond 
will recover i n  a few years with t h i s  
simp3 e treatment. Drastic cl eanup 
measures are l i kely Lo induce greater 
changes in the ecology a f  these coastal 
plain ponds. 

6.2 EFFECTS OF OFF-ROAD V E H I C L E S  AND 
ROADS 

Oil s p i l l s  and physjical destruction 
of wetldnds are obvious and dramatic 
et t r c t ~ ,  u f  t \ i ~ m m  a c t i v i t y  on the  Arctic 
t ~ ~ , ~ i t a i  i q i a i n  B u t  t he r e  are  a l s o  less 
CAI:( i nu. and siikttle interaction:, a s  we1 1 
1111~1 t irrie jirodix.e 5erious 1 iir a 1  ~f f e c t s .  
\ ! i t s  c b f  t tat P, o f  va: i o i i t  types of  vettic\es on 
.t!lt\ t1li)rj:'d ' , U ~ ~ R C P  illu~trates tile passi- 
t ~ l r ~  r , \ r \ c j o  of  f " ~ t ~ t - t c j .  

The s m a l l e s t  cf fec t  i s  produced by 
d:r  tush.oon v c h r ~ l c s  J A C V ) ,  Thr! sequence 
o f  events bcsains w i t h  removal of standing 
ticad I C ~ V ~ S  dnrf r , t ~ r ( \ s  dnd  ends wi th  an 

f~ r c ~ c ~ ~ ~ c :  3 f~ ;) 1 t i ~ ~ L  p r  o d i ~ ~ t  1 u t ~  ( r  i g h t h a ~ ~ d  
,iiic. itt f ic;urr 28) JIle ~ l ~ . i i > g t ?  i s  h e l l  

i v i  e i ~ i  L l > v  i:dtiir ;l i vc3!.i i i t i u r i  p r ' o d ~ ~ i e d  try 
I W D I I I I I I C ~  k ~ [ i p ~ ~ \ d t i o n  r\?(ji\s 

A musc noticeable change i s  triggered 
by balloon-tired vehicles iRo1 f igons). 
These have ebxtrcrriely large t i r e s  w i  t h  low 
bcari ng prcssurr , yet the depression o f  
thc vpgctaticin reduces insula t i  on and 
leads evcnttaally t o  an e f f ec t  an plant 
productivity that  takes 5 t o  15 ycars to 
ilisappt%v e i p r t h a t ~ c i  s i t l e  o f  F igur-e 
?P ) 

i h c  triost severe e f f e c t  i s  a r esu l t  
of va?hicles w i t h  t i r e s  or tracks driving 
across  tundra. The organic layers over- 
l y i  f ly  the rsi ricraf soil are compacted and 
l h ~  vegetation may be acskrtlyeti (center 
o f  f i g u r e  281. Eventually, the i c e  i n  
t h e  perfnafrost naay mel t; the vo7un~e O F  
s c ~ l  decreases a n d  a pored may form in the 
ri.sulting depression. This thawing and 
4 - a p r * , a  *< fist A&- 
r~...,k-.x,..., \*, s dc;.iressfcn hiis b s m  c ~ t f e d  
a ther-mokdrst glienor:~enon; i t  i s  nancd 
a i z c . ~ .  the 1i;nertonc Karst region of the 
iA*:rl!a*,?a!: ~oa . ; t  (Y:iqt?s ia l i ;a]  wiiere ~ 0 7 i i -  



tion lakes are common. When vehicle 
tracks cross ice wedges, these may melt 
and ponds several meters deep may form. 
On slopes, vehicle tracks intercept sheet 
flow and stream channels may form. I t  may 
take centuries or thousands of years to 
form stable new communities (see Abele e t  
a1 . 1978 for more information). 

While new ponds are formed i n  th is  
way, the conversion of shallow ponds and 
grass and sedge wetlands to muddy tracks 
and deep ponds i s  certainly a net loss 
of wildfowl habitat and food. 

A different series of events ensue 
when roads are buil t .  The roads are 
usually bui l t  of gravel and are 2 m thick 
(Figure 8).  In the climate of the Arctic 
Coastal Plain, the center of the gravel 
becomes frozen and the road acts as a dam 
to normal drainage unless many culverts 
are provided. Klinger e t  a l .  (1983) 
identified snowbank formation, f1 ooding , 
and road dust deposition as the main 
effects  of roads on the tundra. For 
ponds, only flooding has been shown to  
have any significant effect during the 
few years of study; the main result of 
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Figure 28. Irnpact o f  a i r  cushion vehicles ( A C V )  and wheeled and tracked 
vehicles on the tundra of the Arctic Coastal P l a i n .  The numbers a r e  recovery 
times (Webber e t  a l .  1980). 



f l ~ a d i n g  i s  l i k e l y  t o  be t h e  replacement 
o f  numerous and d ive r se  shallow ponds and 
wetlands by l a r g e r  and deeper water  bodies 
t h a t  a r e  of lower value f o r  breeding 
b i r d s ,  

The fu tu r e  e f f e c t s  of humans on the  
ponds and other wetlands t h a t  make up the  
Arc t i c  Coastal Plain wi l l  depend g rea t l y  
upon the  amount of planning and control  
exer ted  by various S t a t e ,  l o c a l ,  and 
Federal agenc ies .  A t  p resen t ,  much of the  
Coastal P la in  i s  under the j u r i sd i c t i on  of 

the Federal government. (As seen i n  
Figure 1, the western p a r t  of the Coastal 
Plain i s  i n  the National Petroleum Reserve 
and the ea s t e rn  p a r t  in  t he  National 
I l i ld l i  fe Range. 1 The Etorth Slope Borough 
and the S t a t e  of Alaska a l s o  cont ro l  l a rge  
a r ea s .  Minimal change w i l l  occur only i f  
t r ave l  i s  r e s t r i c t e d  t o  roads and i f  roads 
a r e  cons t ruc ted  with adequate c u l v e r t s ,  
The key t o  preserva t ion  of adequate and 
d iverse  h a b i t a t  f o r  wildfowl i s  the  
p r e s e r v a t i o n  of t h e  p e r m a f r o s t  a n d  i t s  
natura l  i n s u l a t i n g  layer  o f  vegeta t ion .  
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APPENDIX 
Species camposition, statusa, and meanb wasonal densities (birds km-') of birds at Arctic Goastal Plain sites 
In 1977 and 197QC (from Derksen et al- 1980). 

Large lake reglme blta Near foothills basta I 
East Long Lake Island Lake &ode River Slnglluk Square Lake SSorkersen Pofnt 
Status 1977 1978 Status 1978 Status 1977 Status 1977 Status 1978 Status 1977 1978 

(Gav i a 1 mmer 1 
Ye1 low-bi I led loon CV 

(G.  adamsi i l  
Arcfic loon CU 1.5 1.2 CB 0.8 CB 2.1 UB 0.6 CB 1.5 CB 1.9 1.6 
(2. arctics) 

Red-throated loon CR 1.3 0.5 UB 0.1 UB 0.2 - CV C8 0.5 0.6 
(5 stellate) 

Whlstllng swan UB 0.2 0.2 RV UB 0.2 RV RV 0.2 UB 0.3 0-1 

(s columblanus) 
Canada goose RV 3.7 1.4 KV 6.6 - CV CV UB - - 
(Branta canadensi s) 

Black brant CR 5.4 9.1 C8 9.6 Cti 0.3 - - UEI 0.3 0 * 7  

(8. bwnlcla> 
Whl trs-fronted goose CR 1.1 1.0 CB 0.9 CB 0.7 C8 2.7 CH 0.8 CB 1.0 2.2 

(e a1 bifrons! 
Lesser snow goose LIB 

(5 e) 
Green-u I nyed teat - - CV - liEj 

(5 creccn carali nens l sf 
Pmw I can w 1 geon CV CV CV CV CV 

(A. mer icana? - 
Northern shoveler CV 0.1 - - CV CV - 
(A-. clypeata) 

Greater scaup CV - CV UB 0.9 CB 0.8 

(Aythya marile) 
Common e i dcr M CV - - - 
(Sumateria molllsslrna) 

King elder CV - 0.3 CV 0.3 CV 0.1 UE3 0.2 Cf3 0.2 
(& spectab12) 
Spectacled elder 
(5 fischerl) 

Stel ler's eider 
(Palysticta stellerl) 

Ol dsquan 
(Clangula hymalis) 

White-wlngod scoter 
(Melanitla deglandl) 
Surf scoter 
!Fa pty~.:?ic!!Iq+c) - 

Cormti nued 



APPENDIX (Continued) 

- Large lake regime Delta Near foothills Coasta I 
East Long Lake Island Lake b a d e  R i v e r  Singi luk Square Lake Storkersen Point 
Status 1977 I978 Status 1978 Status 1977 Status 1977 Status 1978 Status 1977 1978 

Red-breasted merganser - - - - cv cv 
(Mergus ser fator)  

Marsh hawk - - - - - CV 

(Circus cysneus) 
Rough-legged hawk CV - - - cv - 

(Buteo Isgopus) 
Golden eagle - - CV CV CV 

(Aqulla chrysaetos) 
Gyrfalcon - - - - cv - 
(Falco rust lco lus)  

Persgri ns f a  Icon CV - - - cv cv 
t F *  p e r ~ r l n u s )  

w l?icsw ptarm I gan LJ8 - LU3 0.1 CB 1.1 C8 3.8 UB 
(Lagopus lagopus) 

Rock ptarmigan - - - - RV 0.1 CV 0.1 - 
-1 

Sandhlll crane - CV CV CV CV - 
f(irus, canadensi s) 

/rmwicangoldenplovsr CB 3.5 1.6 C8 0.6 L8 UB 1.3 CB 4.1 U3 5.4 4.7 
(Pluvta l fs  pominica) 

B lwk-be l l i ed  ptovsr CB 4.4 1.1 C8 1.7 UB 6.3 U8 3.2 68 2.8 CB 1.9 1.9 
?PI rquatarolaf 

%?%-ips lmated plover - - - - CV CV 
(Charadrius r;enlpalmetus) 

Whrrnbrrrl - - - CV CV - 
(Nwnenlus pheequs> 

Bar-tal led godwit CV - 0.1 - - UB 11.2 RV 1.2 CV 
(LImos~ I apponica) 

Buff -breasted sandpiper UB CV - - U8 0.3 GB 0.6 3.7 
(Tryngites subru f i co l l l s )  

St I 1 t sandp 1 per CV CV - - C3 3.3 RV 
CMicropalama hlmbntopus) 

Long-bllleddowltchsr UB 4.0 1.5 CV 0.4 UE) 3.7 CV U5 5.8 RV 1.2 0.8 
f Llmnadrmus scolopaceus) 

Ruddy turns*one, UB - 0.2 UB 0.3 1E3 0.2 - - UB 1.1 2.4 
(Arenarla in terpres)  

Pectoral sandpiper CB 36.3 18.5 C8 i5.0 C8 22.9 CB 24.1 CB 11.6 68 24.3 20.1 
(Cal l d r f s  melantstos) 

Red knot - - - - - CV 
(2 canutus) 

Dunl I n  CB 12.8 16-0 GB 12.8 CB 21.1 UB 0.5 CV 0.2 C8 15.5 15.7 
(2. alplna) 

Sander i 1 ng - * - - - CV 
(2. *) 

idh i te-ruirrped sandp i pet' - - - CV - t'v' 

(5 fuscfcol i l s )  

Con ti nued 
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Larga l a k e  r e g l m  baf t a  Fdosr f m t h l l  Is (bas ta  I 
E a s t  Long l a k e  l s l r ~ n d  Lake Nsade R l v w  SIngf luk  Square  Lake S t o r k a r s e n  P a l n t  
S t a t u s  1977 1978 S S e t u s  1978 S t a t u s  1977 $*atus 1917 S t a t u s  I978 S t a t u s  1977 I918 

Uaird's sdndplpcv ~ S Y  0.1 - - .. - - UB 0,9 2.8 
(5 bairdll 1 

L e a s t  sanbp l per - - CV - 
<a_. minuti  l la1 - -- 

h i p a l m a t &  sandpiper  CXI  6.5 3.1 CB 1.4 7.0 6.9 a> 19.5 CW 11.6 17.2 
(2 p 3 5 i l f e b  

Western sandplpur - - - CV 0.1 CV 
(L-" -1 

Hea pha t a r o p b  CU 52.5 25.7 Ckl 13.7 CX1 20.6 W 4.0 RV 0.3 CB 26.5 26.4 
IfJhalaropus ?u l  lcnr!r ts)  

W t b r n  phatarcy.,e %.ci r3.3 9.8 hv t.0 RV 4.2 ix 9.7 m 16.8 utl 1.6 3,ti 
4". 1oba tus>  

C a m t m  snlpa - - - - HV 0.3 - 
(Gat I ! n a p  p i  1 inago) 

P a r a s i l t c  jmgw 0.4 0.4 Ut3 0.4 i I 3  0.4 VU 0.5 LB 0.4 VB 0.5 0.4 
1 5 ? e r $ ~ ~ o ~ ~ r a s I  ~ ~ C W S )  

F'rmw i rso J atlyw" M M 0.I ir4 0.2 CV M 0.1 M 
(5 ~ r % )  

long-tal  l ed  jearayw RV 0.2 0. 1 RV LAa 0.2 0.4 M 0.3 MV 0.2 0.1 

(& .I  U R ~  caudus 1 

G1aucouur; guI  I W 0.7 0.4 !A3 1.4 LAa ! . I  CV Ulc 0.3 UU Q.6 0.5 
(e b e r b w e u s )  

t20nnpartef a gu l l - - CV - CV 

'k. =d?tph!t) 

Sablntl's g u l l  3 0.3 0. J RV CXJ 0.7 CV CY CV 
(Xrpr~a %ab!nil -- 

Wr ~ t i ~  t e r n  UU 0.8 0.5 KV f0 . i  W3 0.7 5 0+9 UU 1 - 5  RV 

( $tfv"na ~e-2 
Short-eared ow i CV CV GV GV tB CV 

Snowy mi RV CY 0.I CV CV CV RY 

( F4ya;.t.~8 scarid i&$") 
Say's PWLM - - - CV 

t 5avwrt 5- 

iiwrned l a r k  - - - cv 
(trmnophl la a f p s t r l s )  

fiat-n swat low - - - - - CV 

(Hirun& r u s S l c c >  
Camnon raven - - - CV i9v CV 

t k v u s  C W ~ A )  - 31 w t h r o e ?  - - - - CV 

(W s v w i c a l  
- "+ - Ruby csobtned klngitjlt  - i ; ~  

(atri$dT c a  fcrndu l pi_j 
Vet:* ;ri?$fr?!! +, - - w 0.8 ' 0.4 ." 
W%ateti b ! a  %a2 



Larger l a k e  r o g l w  Ebl t a  h a p  f o o t h i l l s  tosstat - 
Ens+ Long Lake island Lake* &a& Fi l var S l  ngl l uk Square L s k o  idorkarsnn Po! n f  - 
5 t a t u s  1977 1978 SSatus 1928 Stadus 1911 Stetus 1977 SSsPus 1928 Sta tus  1977 1978 

(Cwarductl is sp. 1 
Savannah sparrow 

(Passwcuturr sandwfch@nr;ls$ 
Tree sparrow - m cv 0.4 
(Sptzetie wbr)n9@3 

Lap1 and tangspur rn 64.7 41.6 m 24.1 I X ~  24 .1  a? 41,5  a$ 42.5 crl 70.4 ;?et.? 

<@rplcarlus l appoo icus )  
S m  buatl trg CV CV GV - - 4& 0 . i  1 . 1  

1 

a S l a t ~ % :  Cd@ b m w n  Bccwdaar , Ui3 - Uncmwrl brnodsr ; H * Mi yr a n $ ;  R V  Voquinr .jrcmer VI  s i t ~ ~ - :  CV ' 
Crarudl w &ccldankal vls!iw; - &urfxau*r~t. 

tP S&P& Cfefwml nwi frw w6wk i y +UT 014y%, JUYIO through A u p ~ t .  

R l w  Q R ~  Singl  it& xl+r;rs were .atudlod I n  I V f  l ,  bas2 tong 1 nhe and b l cYk i cu?n  I ' l3ln.t I n  Ic411 an4 
ffrlb, at$d loland Lake and E~quete L ~ k a  Irr 19117f3e 
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IS. SuppicmentaP, hotts 

1 ecology of  t h e  thousands of  slrlall stidllow ponds tililt form an irirportant wet land co:!iniuni t y  on 
/ t h e  tundra .  

1 Thesc polygonal ponds a r c  foniied by t h e  trcezins, thawing. and c rack ing  o f  t1.e ,enl la-  ' f r o s t .  N u t r i e n t  concent ra t iun l ;  and ratcls  of s u p p l y  to the  wate r  coiurnn a re  c o n t v o i  li!d by 
' i n t e r a c t i o n s  with t h e  i r o n - r i c h  peat, sfvlilnr:nts. i rnn c o n c e n t r a t i o n s  c o n t r o l  ph(.~[!ilorus 
1 c o n c e n t r a t i o n s  and t t r e s c  i n  t-urn c o n t r o l  t h e  cjrowth o f  a l g a e .  ! 

I 
Two ft.ingirrq errrergt!rit, vdst:ulat .  [ ~ l i ~ r r t s ,  (;arc!x drici A r c t p y h j l ~ ,  d r e  o f t e n  t h e  rllost irllpor- 

t d n t  pr imary producct.s i n  ttic ponds. Most d ' i g d ~  arrd higher  p l a n t  bioinass i s  ticcon~posed by , 
rnicrobes i n  a d e t r i  t d l  food wt4) c~ttrcprrtrateii  in  tilt* i:ortd st>ciiiiients. Chironomid l i ? r v d e ,  
trl icjochdei.~: worms and othcu. iriscct.(., ~ t ~ . t :  tirr tlo~ilir\~ir\t t)crti!lic: dnirriai s .  Becdikse the? i 

i 

ponds frc?erc t.o t.ho hctttoirr i1,rcl.i wiritc't. t h ~ y  i :ont, i i ; i  no f'isii; however, tire comrnun-ity i s  i 
i 

.important f o r  iridlry S ~ E : C  i e s  of' 111.i ( jr<ltor,y wdtt~rf'tlwl i t ~ t i f  ~ / r o r ( > b i r d s  t t r d t  usc the  ponds f o r  I / f e e d i n g  and b r e e d i n g .  

A c t i v ~ t i i \ i ;  nic>oc i a t t v i  w ~ t  t r  0 1  1 prodirzt  ?on, i r ~ c  l i ~ d l r i c ]  c > i ~ i l  l s ,  roads ,  arid o f f - r o a d  
vrh l c l e s ,  a t e  t i t( '  rtidjor l i \ ~ i p = ,  f d (  !nfj !iidttd(jcr i ot  t h l ~  wtqtjdnd col~lmun'iy. 

1 17 Oocur rcnq  Ansty% r n 'q..rr,r 'o .. 

1 A r c t i c  tundra p o n d s ,  w a t c r ~ n w l .  ni!ir.ic~a! c ~ c l  i!iil. c.ii-lloil f l u x  


