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AFES and SALRM Build on Land-Grant Tradition

Seventy-tive years ago on May 3, 1917, the Alaska Territorial Legislature created the Alaska Agricul-
tural College and School of Mines. The new college’s first president, Charles Bunnell, applied for Jand-grant
status of the new school as one of his first official acts. The school became the 51" land-grant institution
in the nation.

Toeday the School of Agriculture and Land Resources Management (SALRM) and s associated
Agricultural and Forestry Experiment Station (AFES) continue the land-grant tradition of applied research,
looking for practical answers to real Alaskan problems and providing this information to students.

The first faculty researchers sought better grain and vegetable
varieties, We continue the search today, but we do so much more.
Our scientists use their agricultural training to solve reclamation
problems for Alaska’s coal mines in the Matanuska Valley and at
Healy. (rhers design revegetation plans for North Slope oil
producers. Alaska’s seafood industry is converting processing
wastes into profitable animal feeds as a result of Agricultural and

Forestry Experiment Station studies. Not only are the producers

making more profits, they 've reduced pollution. Previously the
fish processing wastes were dumped back into the ocean, crealing a multitude of problems.

Finding solutions is our tradition and our past. IUs also our future. We'll continue many of the things
we’ve done in the past, and we’ll work to meet new problems. One of these is wetlands management,
developing issue that will require increasingly specific answers well into the next century. Alaskan forests
are another area where we're increasing our effort. And to study both of these, and all areas of lund resources
management, we've dramatically increased our capabilities in geographic information systems, or GIS.

We at AFES and SALRM are proud to serve Alaska and Alaskans in managing our natural resources.

SR V& e

James V. Drew
Dean, Schoo! of Agriculture and Land Resources Management

Director, Agricultural and Forestry Experiment Station
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Proceedings of the 2™ International Wildlife Ranching Symposium
Edmonton, Alberta, Canada — June 1930

Wildlife Production:
Conservation and Sustainable Development

edited by
Lyle A. Renecker and Robert J. Hudson

This is a comprehensive bock on game production, from intensive to extensive
systemns, from arclic tundra o tropical rain forests. The chapters have been
written by researchers, biologists, and persons directly associated with the
various facets of the industry from around the world.

This book is a valuable overview and reference source for game farmers, wildlife
biclogisis, government agencies, libraries, and scientists. tcontains 14 sections
with 87 referred papers (some of which were not orally presented at the
Symposium} and numerous abstracts. It is approximately 600 pages in length
and includes 165 pholegraphs and Hustrations,

Ssction Headings

1. Forward 9. Caplure and Restraint

2. “The Goncept” 10, Diseases and Parasites

3. Status 11, Genetics and Reproduction

4. History and Phitpsophy of Wildlife Management 12. Husbandry

5. Wildlife Management and Nalive Peoples 13. Velvel Antler and Meat

&. Game Cropping 14. Applied Management: Case Studies

7. Recreational Hunting Abstracts

8. Resource Stewardship Advertisements

US $70.%
Dt b Reneeker Reirdaer Becanreh Prameam N

Mall to: Lyle Renecker, Reindeer Research Program

AFES/SALRM, 309 'Neill
University of Alaska Fairbanks
Fairbanks, Alaska 99775 USA
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Please send me __ copy(ies) of Wildlife Production: Conservation and Sustainable Development, procead- I
ings of the 2°° International Wildlife Ranching Symposium. Price is US $70.%, Make checks and money orders [
in U.S. funds payable to UAF Reindeer Research Program Support Fund. Total Enclosed |
i
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Ship to (name) Address o
City State Nation _ Postal Code o
L e -

Please aillow 6-8 weeks for shipping {mailed surface/book rate).
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Game Farm Management

N ORECERT YPARS, COMMERCIAL
interest in imtensive managemant
and husbandry of wild ungulates

has increased throughout North
America. In Alaska, st least 12 new
same farms have staried in the fasi
iive years raising bhison, reindecy, wa-
piti. and muskoxen. Several others are
pending ucquisition of stock. Regard-
less of the specics, vertalp necessary
steps. protocel. and rescarch must he
resalved before the new industry re-
alizes maximum productivity and suc-
cess. Cerfain basic ideas should be
considered in planning a commercial
game farming operation,

Development Plan

Perhaps 1he most imporiant siep
in starling any agricultural enterprise
Is a percephive view of how the op-
eration will deveiop 16 maturity. This
forces prospective game fwrmers to
study the business, assess the infra-
structure and stock required ovver a
P3-year peried, and o balanee a pro-
jected budget. This basic process may
eliminate potentiad farlures. Doac
right, i requirgs both tirme and
moncy. Many stle and provincial
povernments as well as investors and
lenders also require i

Infrastructure

Developing o commercial game

Lyle A. Renecker,
Assisiant Prolessor
of Ammal Scicoce,
Feindeer Besearch
Program, University
of Alaska Fairbanks.

Lyle A Renecker

farny requires a farm layoul {Figure
13, good fences, and functional han-
dling facilities. A good fence defines
ownership, keeps animals from cscap-
ing or irying lo escape, and separates
them froms olher stock, For example.
perimeter and puddock fences for wa-
piti are often 8 M1 {24 nv high and
consiructed with high iensile wire nct-
ting supported by wooden or sieel
well casing posts spaced at least 16
ft (4.9 m) apart. Internal Jences for all
specics can be lower but should use
high tensile nctling. A wire seiting
with smalter openings al ihe bollom
with Larger openings toward the op
should be used (Figare 23 This pre-
vents pewborn calves fram separating
Irom their mothers and keeps dogs
and covores oul. Fenge construction
conls vary with price of materials amd
iabor, however, an 8B L {24 m) fence
with 6 fr (1.8 m) of wire neiling
twpped by three smooth wires, costs
about $7.920 per lingar wile {34,930/
kmy in Alaska. Costs include hard-
ware, posts. fence materials. ard con-

—— Fo o
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Calving Par

struction mackanery rendal. Sce Table
! for some [ence construction oplions
for a pame [arm, Some high tensile
wirg nelling suppliers include Hurri-
cane, Cyclone, Lanply Wire, Bekaort,
and Steleo.

The e, u fenced arca thal joins
the puddocks o the handiing area, s
a fwm’s high pressure area. Animal
tnjury can casily result from o poor
race design. Larger Yarne eperations
find 3G Tt o 60 1L 9017 18.3 )
wicdihs that narrow o about 16 h (4.9
my al the bandling tacility may be de-
sieable. An occasional curve in o long
race allows animals (o periodically
hide from he handiers as they are
being moved foward the handling {a-
ciffty, Anvnals learn and become fa-
mitiar with the lavouw il allowed to
caplore and use the vace aond en-
rances o holding and sorting porns,
Oflering foed or waier in the handling
area creates a positive reinforcement
andd habitoation o the faciny and hu-
M.

Right angie comers should be

Race Design

| v Fie

Figare I, An exampie of a ferm layout,

| Weamng Fan .

: Weamng Pan s —— ?l

' A % Gaien ' e
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._ ‘ i Arurrad Viow
L ] = | |

] B 7 |
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BLECTHIC FOR WIRES Materials Hﬂ'ighi
SUNSY SO SN . T it ()
L4 oo - 4 i
T Perimeter fence
F) 12.5 ga netting
plus ane smooth wire at ground level. Ri{?4
23 1.5 pa netting 7 {1 (2.1 m) lgh
plus one smooeth wire at ground level and two ahove
20.3 ¢m apan.’ e B2
3 125 ga netting
plus onc smooth wire at pround level. . 720
Race Fence
13 12.3 pa aetting 7 {1 (2.1 m) high
£ £ b} g
plus one smooth on ground and two above pelting.
Eatra cost involves visual barrier &t pressure areas. ... 8 (2.4
Cross Fences
. . 13 125 ga netting 5 1 (1.5 a1} high
f‘gﬁf‘e 2. Examples of game farm plus one smooth wire on the ground and 2-wire
ferces
Jences. SINOTHT A0VE. <ot es e eesee e e 700
2) 12,5 ga netting
avoided in handling facilities for all plus onie smooth wire on ground. o 6 (1.8)
same species. Animals will mill in % s
c P o 3 12.5 ga netting 510 (1.5 m)
these comers, and they often atlempt . o . . "
i ) plus one smooth wire on ground and twe asbove. ... o (L&)
to defend the arca. Moving them
stresses both the animal and person- . .
nel. The key to a good handling fa- Grazing Area Rotation
cility ts a design that uses the Iy Sewure glecimic on liberglass stays moved by hand
amimal’s ionaie behavior to the Pwice por week onlo new portion of pasiure. e 3 1153
farmer’s advantage. Wapiti, remdcer,
and bison are more relaxed and con- ' Netling begins at | an (2.5 vm) above ground level.
%ui.cm Umk‘;r f?uhdli{)du.llghi conditions TOU the game farm is locared o oun ared occupied by moase then theee smooth
iside a building. Basic wall CO“_“"?'—“C' wires should he above the netting with (he first and third electrified.
Lion varies among specics. Wapil are

more relaxed when aware of move-
ments in adjscent pens rather than en-
closed with solid plywoed walls
where sudden noises could stastle
them. In compunison, remdeer uppear
calmer when unaware of nearby pen
activity, Table 2 sunmmarizes some of
these ideas,

The flow of animals varies
aiiiong the three specices. Wapili and
reindeer are moved Trom holding/pre-
soFliRg pens into the working arca in-
sitle o buitding, Peas around the
perimeter of the crowding pen {round
drafting corral) are [illcd first. Rein-
deer need smaller pens than wapiii
Animals should be moved, one e

& Agroborealis

Table I. Various ganie fetice options.

several at a lame. ito the circular
crowding pen through o 4 ft {1.2 m)
gate. There animals should be pres-
sured from the outside pens cither by
4 person above the pens on o catwalk
or someoie entering and moviag ani-
mals through an adiacent rear gate.
These gaies open inward (o sweep Lthe
iside of the pens. This gives the han-
dler & protective shicl),

The recommended diameter of
the cireular crowding pen diffors
shightly from 12-14 [T {3743 m} 0
f4--16 1 (4.3-4.9 m) for reindeer and

wupitl, respechvely. Anhmabs are di-
recied from the circufar crowding pen
inte a chute through two drafting
gales {gates thal pivet on a siecl pipe
with o minimuem diameter of 10 in
{25.4 cmyy, The slightly curved chute
leads 1o a crush (device with cone
toured side panecls made ol ligh den-
sity foum used to physically restrain
the animuly. H velvet antler removal
is planned in the crush, the chute wall
should be desizned and constrected
with this io mind. Two hasic lypes
are available, One design i provided



Space between hoards
Wall height — outdoor pens
Wall height - inside building

{for bison only chute system
would be uander cover)

wall Construction of holding pens

Wapiti Reindeer Bison
vertical solid horizontal

x4 m (25 x 10 on) plywood 2x 10 in (5 %254 cmj)
lumnber

Fm (2.5 om)
G [0 ft (2.7-3 m)

8124 m

0 in (0 cm)
T8 {2124 m)

%11 (2.4 o

20 65 em)

6-8 fi {1.8-2.4 m)

Table 2. Dimensions of wall conspruciion for holdinglhandiing peiis for game farar species.

in Figure 3; another type allows the
ardmal o walk into oa small 8 x 4 11
{2.4 x 1.2 m) pen with padded walis
that ¢lose pnewmancally, Crushes usu-
ally are pneoumatically comtrolied.
However, 4 manuually operaled crush
can restrain reindeer and is recom-
mended when installed and used un-
der extireme cold, due 10 preumatics’
slower rosponse. In conteast, i miodi-
fied cantle squeezc with a stop gule in
front of the bead gate works best for
bison. The bison squecsze needs solid
sweel construction and should be
patnted flal Black on the inside. When
the animal locks into the squecze, it
segs only the light coming through a
ballistic Plexiglas® opening at the
other end. The animal sees the light
as a way out. Light entering from the
working alley or side of the squecze
coruses the bison, making it reluctant
10 ener because it cun’t see an exit,
With all handling facilitics, animais
are always relegsed in the direction
they entered (Figure 4).

Management

Regardless of the species, a man-
agement calendar is critical for maxi-
mum  herd productivity and
enlreprenear’s eventual suceess. Fig-
ure 5 outlines the general annoal
events for a wapiti, reindeer, and bi-
somt farm,

Calving begins in mid spring {re-

indeer = mud to late April: wapiti =
mid May; bison = late April early
Mavy. Calving places a heavy nulri-
tional burden on females, Even with
good pusture, budy condition of lac-
taling females can decline during the
sunincs. This can have direct reper-
cusziony on ability to breed in au-
rmn. Experienced [armers provide
cnergy and protein supplements in ad-
dition 1o fresh pasture. These eluni-
mite the problem, and al the same
thing, Hush (ensure animal conddion is
good so conception will occur} ani-
mals Tor the agtwemn rul. Wapiti and
reindeer velvel aniler remuoval beging
i carly May and continues through
mid June, Removing velvel antler for
maximum profits requires careful tim-
ing, For example, the ideal time to
remove wapt velvet amtlers is ar the
beginning of the division of the fourth
nne as the antler tip flaticns with g
slight indent. Removal should care-
fully follow exact procedures 1o get a
high grade, high value product. Il vel-
vet antlers are removed (oo carly,
they will weigh less and earn less
moncy. Afier the optimal cutting time,
antlers are more calgified. The antler
will grade lower and get less money.

Yiekls vary with the animal’s nu-
tritional planc. Under good manage-
ment, wapiti wili vield aboum 33 Ib
(1.5 kg} of velvet antler per year of
age antil they reach eight years old.
For exampleg, a five-vear old wapiti

bull produces about 16.5 |b (7.5 kg)
of velvet antler. At aboul age eight,
production stabilizes or declines as
teeth become severely worn and ani-
mals cannol properly chew and digest
food consumed, Highly-prized wapiti
antters currently bring abowd $%7-
$110/b {5190-240/kg) worth aboul
£2,070-2600 a vear from g mature
bull, Three-ycar old rcindeer buolls
yvicld about 3.5 tb (2.5 kg) velver ani-
ler/yr worth 341.555/lb {880-120/ke)
in {oday’s market. Mawre female re-
indecr produce antlers abour 1.5 Ib
(0.7 kgy. Each malure reindecr pair
cun carn $363 per year.

The astemn et for wapiti begins
in carly Sepiember and continues un-
til about November 1. Breoding activ-
ity peaks between Sepeember 14 and
October 10, For plaing bison, ru be-
gins in late July, peaks m omid Au-
gust, and is compieiod by warly
September. Reindeer rut extends from
carly Sepicmber to Octeber with 2
late September peak. Wapith calves
are weaned n laie Aupust when ani-
mals are sorted inlo breeding groups.
Mature females are separated from 15
maonth old females and maintained a
tower bullcow ratios than younger
cows {c.g.. 1120 vs 17, respectively).
The selection criteria for breeding
heifers must be rigorous and based on
targel body weight. Wapiti females,
for example, should be at least 408 1b
(185 kg 1o ensure at least 85% fe-

Vol 24, No. 1, 1992 7



Figure 3. A pneuniatic, foam-padded crush for handling reindeer or wapiti,

cundily. Wapiti not meeting this
weight threshold should not be bred
that year. Work in Norway suppes(s
that avtume weights of female rein-
deer calves must exceed O ib (50
kgl to ensure Q09 conception at one-
and-a-half years age. This threshold
must be determined for tarmed rein-
deer in Alaska, The UAF Reindeer

8 Agrohorealis

Research Program has begun studics
to determine oplimal breeding weights
and how they are influenced by nu-
trition in farmed reindeer. High gual-
ity feed is necessary for worned
calves of all gamce {arm specics to
obtain their body tarpet size by the
following vear.

A winter feeding program is

baved on animals ayge and production
slatis. An overwmnior woight Joss of
10% Iy advisable lor pregnanl cows,
This takes wdvantage of good cam.
pensatury guing in spring and mini-
mizes calving difficully common ©
overied cows. A natuval adaptation of
northern wild ungulates is an inhorent
decline in food btake and metabolic
rafe during winter, This natural adap-
tation of a wild ~pecies gives the
farmer an cconomic bonua, During
winter, malure wapiti-—peak autumn
weight of 660 b (300 kgh-—reduce
daily dry matter food consumption
from about suwmmer’s 16.5 b (7.5 k)
o 910 Ib (4.0-4.5 Khg) dry vutter of
alfalta/day, There s also a concomi-
tant metabolism reduction during the
winler bow period. The aninal burns
fess energy, therclore, 10 needs less
[oad. Lower feed consumplion re-
duces cosly, With high guality pas-
tares  during  late  spring  aod
supplemental ratton, the tarmer cun
capitalize on native ungulates eacel-
lent inherent characteristic of compen-
sutory gaitn, Studics show that wopits
giver Tull high guadity foed over win-
tef do not have stmilar spring weight
gains. Furmiers coontrol overwintor
weight foss through thor winter [oed-
ing program. Progam planning musi
be based on actual measgremoent of
podk autimn weight.

For cxample, » 0% joss of peak
woight may be aceeptable [or Tenales,
0 peak astumn weights are lower
than cxpeeted. then winger feeding
nutritional adjustiments shoold be
planned (o maintain lower weigh
loss. Weight gains expected over the
summer are reflected in the minimum
spring weighl. Good weight records
let farmers estimate individual aninal
weight pains by avtumn and the ao-
trition required 1o reach geals,

Every game farm must have 2
tiealth management plan. Al game
anials should he trealed at fepst
once mn late avtume for endo and vo-
toparasitos. In summer, pasture rolg-
tion reduces feces sccumulation in
paddocks and animal contacl with fu-



ves which can happen on overgrazed
pastures. A larger number of smaller
paddocks, instead of fewer but larger
padddocks, 15 the most efficient rota-
ton method.

Conclusions

Garne {arming of wapiti, reindeer,
and hison offer & potentially profitable
alternative to or divensification of con-
ventional ugricultine. However, basie
comsiderations are similar to other
livestock opuerations. Good planning
and management are essential. There
is o substitule for good handling fa-
cilities. A hanpdling system and sernes
of pusture fences thal reduce injury
and stress protect the considerably in-
vesument required Tor hreeding stock.

Record keeping of antmal pro-
duction parumeters is extremely -
portant. Body weight is essential and
provides a reliable guide to reproduc-
tive suus, and body condiven, ang
gives informalion necded for supple-
mental foeding programs. Feeding

programs should change with the an-
nual management calendar, animal
arowth, and production goals,

The entrepreneur must scalize that
the commercial game farm industry,
like any other Hvestock industry. must

eventually be based on the price of

meat. For corvid species, velvet ant-
ler production should not be ignored,
However, iUy important o remember
that the world velvet antler market s
volatile. Returns should be considered
supplemiental income. For a success-
ful industry in Alasha. rescarch must
confinue to explore production and
management sirategies of commercial
game species as they apply {o bath
exiensive and iniensive northern set-
angs. 4
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Restructured Steaks —
A Potential Product from Alaskan Reindeer ?

Futhann . Swanson and Marjorie 7. Penfield

EINDEER (8 A LOW-FAT, HIGU-
protein meat produced com-
mercially in westcrn Alaska
{Renecker, 1991). The meat (5 sold or
exchanged [or Iahor in local villages.
Sales also ovdur in regional cenfers n
western Alaska, In these traditionsl
markels, mest from the forequarter s
preferred hecause stewing is the (ypi-
cal method of preparation. Some
Alaskan reindecr meat is also sold m
arban centers of the United States.
Interested buyers from foreign mar-
kets have alse inguired ghout its po-
tential export. In developing game
mezt markels worldwide, meat culs
from the hindyuarter are preferred
(Patiison, {988} Consumers in these
markets have complained that cuts
from the foreguarter are less lender
(Joncs, 1988} If Alaskan reindeer
production is increased (o meet the
patential demand for these hindguar-
ter cuts in the developing gamg meat
markel, a surplus ol reindeer foredquar-
ters may resull. Forequarter scctions
comprise nearly half of the carcass
weight (higunov, [961).
Restructuring is a processing
technigue rhal can add dollar value ©
less desirable bul nuinvonally valo-
able cuts of meat. Processors have
more conkrol over shape, texiure {len-
derness and juiciness), fal, moisture,
and [lavor of the restructured mceal
products than they have when the

meal comes from intact muscles.
Thus, it is possihle to “design™ a moeal
product 10 meel consumer wishes for
a nutritious, low-fat, flavorful, juicy.
and tender product. That preduct is
also uniform in size, totally cdible,
and designed {or fast cooking {Field,
1982y, Restructured products are de-
scribed by Mandigo (1982 as “high-
valug consumer cuts with intermediate
price and eating quality.”

The process

In restructuring technology, meat
in first deboned. I some cases, con-
nective fissue and extermnal fat are re-
moved. The honcless muscle 13
chunked followed hy slicing into thin,
individual meat flakes (Figure 1)
These flakes are then mixed with fat
or addirives such as phosphate, salt or
other Tfavoring agents, and lumbled 1o
extract the proteirn. The extracted pro-
tein forms a sticky coating on the
meut flakes that enubics the flakes
bind togcther. The addition of salt or
phosphates aids in the extraction of
these proteins and helps m the bind-
ing ol the meat flakes {Schmidl.
1986Y. Salt also serves as a lavor en-
hancer in many {ood products
(Gitlewte, 19853 The desired prod-
uct—<chops, steaks, and even roasts —
are then formed under pressure, The
tormed products are typically vacuunt-

Alaska Fairhanks.

Ruthann B. Swanson,
Assistant Professar of
Food Science, Deparumernt
ol Resowrces Manage-
ment, Agriculbural and
Forestry Experiment
Stagion, Untversity of

Marjorie P. Penfield,
Professor, Depariment of
Food Technulogy and
Science, Agriculiure
Experiment Station. The
Universily of Tennessee.

packaged and held frozen. When
covked, the meat proteins coagulate
and the restructured product holds to-
gether, Texture of the restructured
product iy influenced by flake size.
Svaaller flakes create a product more
like ground heef whercas larger flakes
result i oa product mere ke intact
muscle cuts (Cardello of al., 1983
When compared o steaks cut from
the same alact muscles. reshructured
beef steaks have been found to be
more tender {Cardello et al., J9E3,
Johnson et al., 1990y, Therclore,
through restrucluring, srocessors ¢an
offer a greater variety of meat prod-
uets,

The University ol Alaska
Fairhanks Applied Reindeer Research
Program purchused six frozen fore-
guarters from Alaskan wcindeer from
commercial sources in Nome that
were shipped o The University of
Tennessee, Knoxville lor this study.
The foreguarters included shoulders
with fore shanks attached. short rib
picces and necks, Restructured steaks
were formed from the [orequarter
muscles in these cors) twoe differend
flake sizes, .5 and .75 inches (1.295
ey and 1905 om. respectively) were
evatuated. These reindeer steaks were
also made with and without added
salt (115%) and phosphate (159, The
following formulations were used for
cach flake size: nn addirives, salt
alone, phosphate alene, and salt and
phosphatc in comhination. Flaking.
mixing and forming were done at
36°F 12°Cs The flaked meat and ad-
ditives were mixed for 10 mingtes.
Formed strip steaks werc one inch
(2.54 vy thick and weighed 8 ounces
{227 gy
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Figure §. The restructuring process.

Thawed, boned yuscles are cut into chunks and flaked in a
Urschel Conirrol tMadel 2100, Valparaiso, IN}.

The product
Cooking losses

Cooking losses reflect Lhe change
in size of the seaks that occurs with
cooking; weight changes are due [o
losses of moisture and Fat. Small
cooking losses are desirable because
less raw product is required o pro-
duce a cooked product of the desired
weight. The reindeer steaks were
broiled in a conventional oven to an
endpoint omperature of 158-1657F
{F-74°C), The sleaks were weighed
before and after cooking 1o determing
total cooking losses (Penfield and
Campbeli, 19907 In these restructured
reimdeer steaks, ke size imfluerwed
cooking losses. Those sweaks formed
from the larger {lukes bad smaller
cooking losses (2007 versus 26.9%).
Bewy et al. [1987) also report groater
cooking losscs for beol steaks fabwi-
cated from smatler flakes. Sali addi-
tion reduced cooking losses aboul 1he
same magnilude, 26.6 versas 21.4%.
The addition of phospbate resulted in
infermediate cooking losses (22.5%
without salt and 23.9% wil salth

Sensory properties
Sensory characteristics of the re-

structured reindeer steaks were evalu-

12 Agrohoreafis

A catting head containsy o ring of blades that slice thin,
individual flakes off the meat chinks us they arve inpefiod
against the blades. Spacing of the blades on the cunting head
determines the flake size cnd product testure.

After mixing rthe flaked muscie tssiwe ing Leland Mixer i Model E-TO0DA, Detrain, M}
e inearporate additivex and extract projeins, the desived product iy jormed with
Koppens food fornting machine as shown ferve (Maodel VM HEL Bokel Holland ), The
Jormed product is vacstim-packaged, anid ispically held frozen aftes flush freezing in
a CO freezer {Dr Cariis Melton shiswn o the lefi in photo and Dy Jim Retmeani on
the i'af:i(f.‘r‘ are medl scientsis, from the Departmient of Food Technalogy and Science,
The University of Tennessee.)

ated three times by 10 sensory pan-
elists on a 15-point scale, where 1
represented the lowest intensity of a
particular attribute and 15, the high-
esl intensity of thar atiribute. These
panelists had previoosly consumed
bunt-killed deer. They also parlici-
patedd in sessions 1o ordent them o the
score card. The sensory parameters,

their anchors and the procedures used
for thewr evaluation, are outlined in
Table 1. Overall acceptability was
also evalunted on a 15-point like-dis-
like seale, where | was not acceptable
and 15 way extremely acceptable. Bf-
fects of flake size on scnsory proper-
ties are shown by the dat in Tabic
2. Stcuks made from the larger {lakes



Characteristics
Appearance
Softness (o
tooth pressure
Maisure release
Chewingss

(hreasiness

Gamy llaver

Adapied from: Costchio, 1984,

Scale anchors
{1~ 153

Rare - very well done

Yery soft — very hwud

Shight - great

Yiclds readily —

highly resisrant

Not at all diffienl|

None — incnse

Procedure

Before tasting, viaually
judge upparent doneness,

Rate amount of force needed (o
bite through sample.

After 2 or & chews, judpe the
amount of meishure released.

Judge the amaunt of work reguired
W prepure sample Tor swallowing.

Iudge the dilliculy of removal of
fatty film that coats the moath,

Evaluate the presence
ol gamy Havor.

Table 1. Sensory characteristivs, seale anchors and procedures for evalnation,

released more moisture upon chewing,
were softer o twoth pressure, were
pereeived 10 be more greasy and ap-
peared to be less well-done. Overall
acceplability wis also bigher when
the larger flake size was wsed. The
effect of salt addition s also reported
in Table 2. Although all ol the steaks
were cocked to the same cndpoint
temperature, those vteaks with added
saft appeared 10 he more well-done,
Moisture release, an indicator of juici-
ness, was inereased with the addition
of sull. Similar salt effcets have been
lound i both hecl {Wheeler et al.,
1996y and pork (Huffmun el al.,
FOR 1Y restrectured steaks, Gaminess
wis conststently rated on the lower
end of the scnsory scale (Table 2).
This mdicates that all of these sicaks
had a relatively mild gamy flavor
However, sall further reduced per-
ceived gaminess and increased over-
all acceptability. This may rellect the
improved flavor balance that is fre-
quently associated with salt additdow
Gilletge (19855 has previously reporned
this salr effeet in a vanety of food
products. Salt, in this study, gencrally

had a posttive cffect on desirable sen-
sory attributes. Phosphate produced a
stmifar effec: en these altribuoties,
However. whon phosphate and sall
were incorporated together, a trend
toward the reduction of these positive
effects occurred. This is shown in
Figure 2. Reindeer steaks made from
the larger flake size that contained at
tenst (.5% salt were most desirable.
Addition of phosphate wis not recom-
mended. The [ack of fenderness. the
guality problem frequently associared
with meat from the forequarter of
both domestic and game animals, was
not 4 problem with these resprociured
reindecr steaks. Despile o low fat con-
lend of approximately 1% (Swanson
ei al, 1900, these steaks were ulso
found 0 be moderately juicy,

Conclusions

Production of restructured woin-
deer steaks using the wechnology pre-
viously applicd to beef and pork
appears 1 be feasible, The result is
an gdditional reindeer product with
desirable sensory characteristics. This

product may broaden marketing op-
portunitics for the reindeer forequar-
ter. Although the reindeer forequariors
used 1 this study were representative
of those commercially available, dif-
ferent results may be found it differ-
ent animal seleetion criteria and
handling, stuughtering and processing
conditions are wsed. Success of re-
struciuning. like other post-slaughtor
processing procedures, s dependent
ot the availability of a good goality
raw product. Additional work is
necded (o verify the resulis of thiy
study and 1o select the optimum salt
fevel and f{inke gize. i
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Flake size (in)

Safte (%)

Characteristic © (.3 0.75 0.0 0.3 0.0 (.5

Appcarance 9.7x 8.7y T.9% 104y 8.9x 9.4x
Softness 7.3x O,y H.8x 6.9x% 70x 6.7x
Moisture releuse 5.8% 7.6y 6.ix T.dy 0.5x 7.0y
Chewiness ©.9x 0.9x% 7.0x 6.8x T.Ix 6.0x
Crreasiness 3.2x 6.0y 5.8x 34x 54x% 5.9x%
Gaminess 3.6x 3.8% 6.0x Sy 6.0x 5.4x
Overull acceptability 8.0x B.9y .0x B.%x BAx

8.0y

Phosphate! (%)

Means within a row and source of variation (flake size, walt, or phosphate} followed by Hike letters do not differ (p > 005 sccording 10
Tukey's Honextly Significant Difference Test. SAS (SAS Institutc, Ine.] was used [or data analyses.

Main effects means for 10 judges and 3 replications aceoss sult (23 and phosphare (2) levels.
¢ Main offeees mcans for HO judges and 3 replications across flake stze (2) and phosphate (23 lavels.
¢ Muin effects means for 10 judges and 3 replications aoross flake size (23 and sali (2) levels,

Samples were evaluated on F3-cm infensity scales; characiorisiics are defired s Tabde |, Overall accoptability was also evaluated on
a 15-poind hedonic scale where | = not aeoeptable and 15 = extromely acceptable.

Table 2. Effect of flake size, saft, and phaspiute on the sensory properties of restrisciired retndeer sieaks.

down and the sieak fabrication pro-
cess.  Cathy Dorko, also from the
Department of Feod Technology and
Svienee, assisted by Douglas Mitchet!
administered the sensory panels. Fi-
naily the sensory panelists made Lhe
study possible.
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The History of National Forest Planning

HEE NATIONAL FORESYT SYSTEM

presently includes 191 million

acres of publicly owned for
csts and grasslands (Shands 1986}
Although this land base s essentially
static, demands for services and prod
gty are increasing, While some uses
can be simultaneously derived from
the same forest scres, other uses arg
often confiicling, Land management
plannmng has evolved as the process
o decide the mix of uses that will oc-
cur on specific areas of each national
forest {Wilson 1978).

The United States Department of
Agpriculture Forest Service (USFS) &
manduted by law to plan and manage
the national Torests for a varicty of
forest resources: timber, fish and
wildlife, outdoor recrealion, waler,
livestock grazing, and wilderness
{Applegate 1978). The USFS develops
natonal forest plans under the direc-
tion of numerous legal mandates. The
three most important laws affecting
the planning process are the Nationad
Environmenlal Policy Act of 1909
{NEPA), the Forest and Rangeland
Renewable Resources Planning Act of
1974 (RPA), and the National Forest
Management Act of 1976 (NFMA)L
Despite these laws, or perhaps be-
cause of them, national {orest phan-
ning 15 sl cvolving, Part of this
evolution has involved critiques of the
planning process from all seciors of
society: individuals, cavironmental

Robert A, (Hi,
Craduate student,
School of Agricul-
wre and Land
Resourcey Muanage-
ment, University of
Alaxka Fairbanks.
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groups, acaduemia, professional societ-
ies, and [he USFS issell.

History of National Forest
Planning

Multiplc-use plaoning has existed
in various forms in the USFS since
the carly 20th century, and the word
“planning” has been in the vocabulary
of the USFS since that time
{Applegate 1978). Early forest plans
were not required by law and thoir
content varied from place w place.
Since o requirement to develop plans
was nof broadly and saformily im-
posed, and plans had no consistent
and well-defined formal, they did not
provide adequale dircction for the en-
tire nalional forest system (Wilson
14783,

The tegal basis for lhesc carly
forest plans was the Organic Act of
[B97 (Wilson 19785, which stated that
the major purposes of the national
forcsts {then called forest reserves)
wils 10 provide s continuous sapply of
timber for United States citizens, and
1o proleet watersheds (Parry et al,
i983, Shands 1989} However, The
Organic Act did not sel specific stan-
dards or requivements for land mran-
apement planning. H oalse did nog
anticipaie that the USFS would need
to define an acceptable mix of forest
land uses or resolve conflicts among
compeling uses (Wilson 1978).

By the 1950y, increased demands
for conllicting uxes ol natural re-
sources from nafionzl forests spurred
Congress, with the recommendstion of
the USFS, o pass the Muliiple-Use
Sustained-Yield Act of 1960 {Lydcen
et al. 1990, This act supplemented
the Organic Act and mandated mul-
tiple-use management of the national
forests. The act exphicitly staed that

national foresis must be munaged for
range, timber, fish and wildlife, out-
door recreation, and water. In time,
however, 1t became appurent that the
Multiple-Lisc Act was too discretion-
ary. The act’s effect an USFS actions
wis nol unifonn because it only es-
tablished general policy. The result
was neonsiskent actividy and Bitle ac-
countability by the USES (Applegale
1978},

The Wildernoss Act of 1964 was
the next congressional act that inflo-
enced national forest planning. Pres-
sure from cnvironmental organizations
whose members wanted to preserve
the maturalness of portions of the na-
tional forests lod to passage of the aet
{Lyden 1990,

NEPA became law in [96Y,
Theee major provisions ol NEPA that
affected LSFS land management plan-
niRg practices are Hs requirement o
prepare Environmentsl Impact State-
ments, develop more compleie re-
source inventories (Wilkinson and
Anderson 1987), and incorporate pub-
lic involvement (Sample 1989). Pas-
sage ol  NEPA  marked the
culmunation ol the environmental
movement that began in the carly
P960s (Lyden ot al. 1990),

However, Congress deaided 1o
increase s control over USFS bud-
geling decisions, This was one redson
for cractment of RPA o 1974 (Le
Master 19823 RPA established a per-
manent, sysfemalic process For ap-
praising the nalion’s renewable
resources. It allowed for choice and
management of the programs associ-
ated with these resources (Bergofien
19761, RPA required three planning
documenis:

1. An assessment every W) years de-
scribing the renewable resources
of forests and rangelands;



2. A program every three years pro-
posing long-range objectives with
2 45 year minimum planning ho-
rizom; and
3. An annual report evalualing USHS
aclivities in comparizon with ob-
jectives proposed in the program
{Wilkinson and Anderson 19874
Clearcufting was an issuc of spe-
ciab public concern, Several environ-
mental ergamzations, including the
MNatura! Resources Defense Council
and the Sierra Club (Barlow and Hall
1976y, sucd the USFS charging that
clearcutting way illegal according 0
the Ohrganic Act of {897, Although
the Organic Act did nol give speciic
standards o requiremonts for land
mgragement planning, it specifically
stated that natlonul forest manugers
could ¢ut only individually marked
“dead, matured or large
growih”™ trees {McCQuillan

{Applepate 1978, McQuillan 19903,

The result was that the USFS
“ventured deep into the wilderness of
comprehensive strategic planning 1o
improve its managemcent of the na-
tionat foresis and 15 responsivencss (o
emerging public values for these vast
resourecs” (Sample 9893 This oc-
curred with the umendment of RPA
hy passage of NFMA in 18706,

NFMA addressed two primary
yuestions i the forest planning pro-
cesst “What acres should be managed
for wmber production”” and “How
much timber can be cut from those
acres on w sustainable  basis?”
(McQuulan 1990) It reguired the
LISFS to develop forest wide manage-
meni plans for each national forest
(Witkinson and Andersen 1987 Rt
also outlined specilic requirements Tor
the plunning process sach ays

1990).

In 1973, in the lraak
Waltun League v. Buiz—-
the Moenengahela deci-
sion—the U.8. district
court found that cerwain
USFs timber sale praciices
were itlegal according W
the Orgunic Acl. These
praclices included writing
fimber sale contracts that
allowed cutang trees that
were hot dead, malure,
farge-growth, or individu-
ally marked (Le Master
and Popovich 1976).

The USFS appealed
the decision, but in
1975 the 4th Circuit
Court of Appeals deter-
mined that clearculling
in the national forests
was illegal (Applegale
1978, MceQuillan 19903,
The Ninth Circuit Court of
Appeals ruted likewise
{Applegaie 1975), These
rulings forced Congress
so address national for-
esl management lawsy

Roosevelt National Forest {Colorado}

e Coordinated achicvement of mul-
tiple-use and sustained-yicld,

e Public participalion; and

& A systemalic. interdisciplinary ap-
nroach that integruted physical,
cconomic, biological. and other sci-
enlific information {Applcgate
i978).

NEMA also required the wide-
sprast use of formal regulations for
mulaple use planning, For example,
land use planning regulations were
implemented with guidelines to:

e ldentify the switability of an area
{for certain types ol management;
& Comsider ceonomic and environ-
mental aspects of Torest manage-
ment: and
s Allow ncreased timber harvest by
incorporation of thinmng, relvresta-
Lion, and stund improve-
ment 3f the  increased
harvest was not in viglation
of the Mulliple-Use Sus-
tained-Yield Act (Applegate
19781,

As reyuirved by
NFEMA, the USFS has
aitempled to develop in
tegrared Festirve mianage-
ment plans that achicve
publicly identilicd long-
term goals for cach national
[orest {Sumpie 19893 The
LISES s close 1o complal-
mg the firsl round of these
plans, Now a dehate has
begun as to how elfective
the planning process has
been.

Some Debated lssues
of Mational Forest
Planning at the
National Level

At the nalionat
tevel, debute about pational
forest planning involves
many overlapping themes
including: budgcrary prob-

Vil 24, No. 1, 1992 17



lems, data collection and analysis,
supply-demand and cost-benefls analy-
ses, cost, politics, and implementation.

Data Collection and Analysis

The USFES is required by NFMA
to provide material forest output while
mantaining the quality of the envi-
ronment of the national forests. RPA
reguires the agency 10 conduet mven-
tories, surveys, and assessments of all
repewable torest-related resowrces in
the couniry, Howoever, the data buse and
kriowledge necessary for mamgement of
material goods and environmental de-
mands s not egual. Inforrnation aboi
fForest commodities and mngeland can be
quantilicd and vigorously analyred, and
manzzement actions can be predicied
some exfent,

By contrast, knowledge about de-
miands, quality, and management of
non-market goods sueh as wildlife,
aesthetics, and oukdoor recreation are
after qualitative and therefore difficult
to subject to rigorous apalyses (Vaux
1976, Nelson 1977, Krutilla 1987,
Krutitia and Bowes 1989 Krutilla
(1987) stated that beeause determining
the value of penmarket muldple-use
benefits is too costly for planning.
these values are subjectively detere
mined.

The lack of consistent quality and
quantity of information about diffor-
ent forest dermands and uses is re-
sponsible for ather problems in forest
planning and manugemeni. Informa-
fion used in the Hpear programming
model FORPLAN is an example.
FORPLAN is an acronym for forest
planning mode! and it is usod by
USFS planners and managers. The
model s used for two major pur-
poses:

1. Analyzing production and eco-
nomlic trade-offy among the mul-
tiple uses of u forest; and

2. Determining how effeetive vari-
ous plan alternatives are in re-
solving  management issucs
{Barber and Rodman 1990),
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FORPLAN allows for integraled plan-
ning, bath in space and in time
{Alston and Iverson 1987y It also de-
termines the most efficient way Lo
achieve stuted oblectives and provides
insight into planning issucs (Barber
and Kodman 1990,

However, there are several prob-
fems with the use of FORPLAN, Val-
ues (cocificients} that represent
multiple-use intergetions {e.g. belween
timber harvest and aestheticsy in the
model are only guesses. These cocl-
ficienls, however, conteol the model’™s
cutpul tevel of timber-harvest and
other programs (Teeguarden [982), In
elfect they determine the model’s de-
cision, Becawse the impact of {orest
manugement on biological and physi-
cal factors (Krutitla and Bowes 198%)
is unceftain, the most desirable plan
altermnative is often not ¢lear,

Incorrect application of
FORFLAN also capsed criticisin of is
use as a planning tool. The USES cx-
pected FORPLAN 10 confirm that its
policies and traditional planning meth-
ods were the correct ones, and that
NFMA planning was enly a formal-
ized version of s hisiorical forest
managemeni practices (Barber and
Rodman 1990). Hlowever, FORPLAN
frequently found that many traditional
USFS activitics are neither socially or
economically favorable according to
the model’s criteria. FORPLAN solu-
tions resutted that are difficull and
sometimes impossible {o implement,
For example. under the iraditionally
vague multiple-use management
guidelines of the past, foresis did not
have acreages specifically designated
for timber production. Beeause of
this, new plans often could not meet
historical levels of timber produciion
{Barber and Rodman 1990). Forest
plans today continue o encounter this
problesn.

Cost Effectiveness

Determining whether the detailed
planning required by RPA and NFMA
i a sound investment is another de-

bated issue. Behan (1981) fell that
very little had becn achieved for the
crormous amount of “cncy, man-
power, political energy, and activity
(and legal fees)” invested in the plan-
ning process, Nine vears [ater. Behan
{19900 snull felr that national Jorest
planning was “oxorhitantly expen-
sive.” with the USEFS sponding at
least $2048 million annually on the
process (Prosident’s Private Sector
Survey on Cost Control 1987 cited by
Behan 19940},

In contrast, Gilimier (1981 (¢l
RPA amd NFMA planning regulations,
though costly, wore beneficial. He felt
that mproved [orest management and
data hases justified lhe vost. Sharnds
(1YR6) also folt the costliness of RPA
planning, both in meney and time,
was justified because it brought out
ssnes well in advance of plan imple-
mentation.

Due 10 the mix of marketl and
non-markel outputs devived from the
national forests. determining what
conslilutes ecanomically efficient for-
240 management is a complex issug
{Krutilla and Bowes [989) Condugt-
g a cost-henefit analysis of the pro-
cess 15 complex, if it 15 possible at alk
Schweitzer et al. (1984 dentified
four problems in conducting such an
analysis:

I. How io 1cll when a benefit is re-
ally a benefi;

s

How o measure henefits;

ot

How and when to measure ben-
efits thar will not appear for o
long thme; and

4. How (o tell what would have
happened If planning legslation
was not required,

They stated that il no measurenient or
prediction prohiems existed, 1t would
be easy to decide the likely conse-
quences or cifects of manugement.
However, “categorizing those effects
as benefits or costs depends on mak-
ing judgments, and those judgmenis
cannol be made free of values”
(Bchweiizer et al. 1984). Because it i



necessary fo incorporaie value judg-
menls  in cost-benefit analysis,
Schweilzer and others determined that
objective cost-benefil analysis of fed-
cral planming could not be a complete
analysis, They concluded thal since 5o
completely ohiective method exists for
comparing the costs againt the ben-
eflis of RPA/NFMA plaaning, RPA/
NEMA planning benefits required po-
Hiical rather than objective criteria,
Howcver, Hol and Baltic { [99(0)
showed theoretically why oulpuf fup-
gels and budget allocations across na-
tonal forests would be inefficient
e ahsence of forest planning at the
pational level. A mulaievel (such as
thi USFS: npational, regional, lorest)
optimization model was used, and
hoth commodity dlems {e.g. cubic et
of {tmber) and nommarker items (e
aumnber of deery were Included as out-
puts. Hof and Baltic showed that
mrinimumm cost savings of 1-11%
wonld be experienced for output fev-
¢ls in the preferred altematives of gure
rent natienal forest plans if budgets
and outpuls were maore etficiently dis-
irtbuted across the national forests,

Implementation

The feasibility of implementing
RPA/NEMA forest planning has also
hesn debated. Behan (1981, 1990) ar-
gued thal current {orest planning fow
is impossible to administer, and that
RPA/NFMA did not solve, and will
nat sobve the resource marmpgement
conflicts it was designed to address.
In 1981 he wrote "REPA/NFMA man-
dates with the force of law that for-
st plans will  be  rational,
comprehensive, and essentially per-
fect.” With the mandate of a perfect
plan. he argned, comes the corollary
that “an imperfect plan is an illegal
plan,” resulting in forest management
by judicial decisions rather than by
professional land managers.

The public participation process
gredfly influences the implementation
of national forest plans ar all levels.
Twight (1977} stated: ™I judiciously

Neptahala National Fovest (Teanessee)

carried out the public invelvement
process can be o way of increasing
pablic support for programs of natu-
ral resource agences, Effectiveness
depends on the mvolved parties por-
ceiving some degree of personal im-
pact on the oulcomes.”

Lyden ¢t al. (199D {ound i their
study thal the majority of ihe respon-
dent public felt it was realistic (o plan
national forest wse 34 years int the
fueure, and respondents felt they could
be useiul participants in the plannmg
process. However, Lyden also found
that respondents did not believe rhat
they actually had any cffeet on the
forest planning process and they were
dissatisfied with the process because
of this.

Appeals and cowrt aclions regard-
ing forest plans support the observa-
tions made by Behan {1981, 1990)
and Lyden et al 19903, Ten years
after implementation of the NFMA
planning process, parts of 96 plans
have been appealed by industry, and/
or state and lecal governments, and/
or environmental groups. Although,
many of the appeals have been ad-
ministrative, increasing numbers of

them are heing fuken fo court. No
plan has been approved without an
appeal (O'Loughlin 19905, With pub-
liw parGicipation, 1 may be that any
decision mvolving competing interests
and demands will end up in court
{Knopp and Caldbeck 1990),

Conclusion

Nalionat forest planning i prob-
ably here o stuy. However, the plan
ning process is dynamic, and, if
history is any indcation, forest plan-
ning will change as the demands on
forcst langs change. Bxisting regula-
tions will he altered, new ones will be
imposcd, and old ones may be re-
pealed,

I miay be too soon to pass judge-
ment on the success or fatlure of the
carrent RPA/NFMA planning process.
Debates regarding national forest
plunning wit contribute o changes in
the planning process iisell. Also, as
natural rescurce data bases grow, and
as planning tools such as FORPLAN
hecome more sophisticared and acou-
rate. several 1echnical problems in na-
tional forest planning may  be
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Grear Smoky Mouniains National Park
(Narth Caroling — Tennessee)

resolved. More, but especially hettor
use, of techmical information may ro-
duge the number of plans that are ap-
pealed. However, the USFS will
probably continue 10 liuve problems n

implementing forest plans because of

complicated legal mandates and in-
creasing demands by conflicling user
aroups, d
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Charles Christian Georgeson —
A Man with a Vision

lanice T. Hanscom, Gleonn Allen, Meriam G, Karlsson

INETY~TWO YEARS ABO

Charles Chnstian Georgeson

came o Alaska as the special
agent in charge of the United Siates
Agricultural Experiment Stations. The
Secrotary of Agricelture instructed
him (o “acl as if the country 18 your
own and go shead. Washington, D.C,
is a long way from Alaska and all )
want are resulis.”

Georgeson surveyed Alaska’s ag-
ricultural potential by esiablishing and
adiministering scven cxperiment sta-
fions throughou! the territory. In ad-
dition he personally conducted plamt
breeding rescarch, He became a vocal
supporter of Alaska in its cflorts to
aitain a stable agricnlwral econonic
base and increasc s population, He
traty is Lhe father of Alaskun agricol-
lure,

Charles Christian Georgeson was
borg on the island of Langeland off
the coast of Deamark on June 26,
1851, In 1873 he came (o the United
Stares 1o po (o school, eventually
caming his masters degree in [RRD.
He received his doctorale in 1916
from Michigan State College. He es-
tahlished his reputation as un oul-
stamding plant Ineeder and agronomist
before finishing his degree. Georgeson
tupht 2t Kansas Srate Agricuhural
College [or seven years. In Kansas he
met many of the men who weuld

Janice T, Hanscom,
Research Aide,
Agricullural and
Forestry Experimont
Statios, University of
Alaska Fairbanks.

eventually comie o Alaska o lfead the
varipus experiment stations.

Arriving in Sitka in [ROR. 1he 47
year old Georgeson plunged into his
assignment. Since no one knew much
aboul Alaska’s agricuitural potennal,
Grorgeson's freedom was limited only

by his drive, enthusiasm, and budget.

Life in Sitka was very differcnl
for the Georgeson family. Georgeson
originally vicwed his appointiment 10
Alaska as cxile. On his way o
Alaska, he. his wife, and three chil-
dren wished every day w be recalied.

Charles Christian Georgeson
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The first winter the Tamily lived in an
enfinished house. “Yes, we were cold
sometimes,” Geoergeson said of his
dwelling, “but our view was the fin-
est i the world!” His house was built
on Castle Hill, the location of the log
stronghold used by Baranoff, the first
Russtan governor of the fur colonies.
The family came to feel they were
very lucky when compared with oth-
Crs.

The first manager of the Rampart
station, Professor Isaac Jones, lived m
a woodchopper’s old cabin along the
Yukon River. The roof leaked so
badly that Jones erected his tent -
side the cabin o
keep dry. Jones spent
the entirc winter al
lemperatures as low
as -70% F in his tent-
cabin conbination.

Georgeson
opencd the Sitka sia-
fion amd his head-
quarters in 1898, In
rapid succession, the
Kenai slation wis ¢8-
lablished in 1899,
Kampart station in
1900, Copper Center
station  in 1903,
Kodiak sialion in
1907, Fairbunks sta-
tion in 1907, and fi-
nally the Matanuska
station in 1917, Both
the Tapana Valley
and the Matanuska
Valley proved to he fertile grounds
for crops. These are the only two sta-
tions I¢lt functioning today. The
Fairbanks station is now the univer-
sity farm of the University of Alaska
Fairbanks Agriculture and Forestry
Experiment Station. The Matanuska
station ix today's Palmer Research
Center.

Gradually the five other slations
were closed down, By 1925 Kenai,
Copper Center and Rampart had gone
due to transportation problems or low
population in the region. The Sitka
station continued operating unti] 1929,
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one year after Georgeson retired,
Crops were never very successful
there. The station in Kodiak was
plagued with probiems. Cattle ¢l off
clitfs, ate wo mmuch dead wei grass
and goi sick, and bears regularly
helped themselves o the livestock. In
1912 Kaunal volcanc cxploded. cov-
gring the grazing jand with op 0 18
inches of volcanic ash. The herd was
moved to Washington state to prevent
it from starving. Two years fater, af-
ter the prasses wecovered, researchers
reiurned the cattle to the island. The
herd developed tuberculosis and catlle
rescarch then ceased. The Kodiak sta-

The "Toklat® srrawbervy was developed ar the Agricadiural and Forestry
Experiment Station in Fairbanks. Alaska.

tion continued researching small live-
siock untik it closed.

Setbacks were part of the job, but
none  scemed  to dampened
Georgeson’s cnthusiasm for furure
Alaskan agricultural developracnt. He
was to provide results for the Secre-
tury of Agriculture and be did, He
stuched cveryvthing from cows o gram
o apples. Adequare land was not i
mediately available for his use. It had
10 be clearcd of woods, brush, and
sometimes drained before planting
could begin, The cxpeniment station
land in Sitka was in the middle of a

tundra swamp making cultivation -
possible the first year. Georgeson bot-
rowed land to sfart his experinents.

Tn an interview Georgeson Tader
expiained, "My plots werg scallered
all over the village and having insc-
cure fences, or no Fences al adl, the
focal boys, cows, pigs and tame rals-
biss rollicked juyously through them.
Hens, which in Sitka fly like scapulls
Isic], flocked to the fcast [ had unwit-
tingly preparcd for them, and when,
by chance, they overlooked anvthing.
the sceds came up to becone the
playthings of diabolicel ravens, who,
with almost human malice, pulled up
the little plants
merely o inspoct
their other ¢nds.”

He centinoed con-
ducpng experiments
[or many ycars in
back and fromt vards
throughout Sitka. A
few apple frees scal-
tered  around  the
town today can be
traced  back
Georgeson's days.
D, Georgeson hy-
bridized the native
crab apple with sev-
crul carly maturing
spples from  the
lower 48 states.

His research efforts
received popuelar ap-
proval. “You can
imagine  my  joy
when many branches set fruil. Every-
onc in the viliage was advised of the
experiment and warned against dis-
turhing those bushes, Thea just about
the tme the [Tull was ripe. the Indian
women came along and gathered ev-
ery one of my apples and made them
mio jelly!” he cxplained.

He developed the Sitka hybrid
sirawberry i response (o some vory
skeptical Alaskan nmners. “They all
looked on me and ny mission with
pity and derisien,” commented
Georgeson, That challenged him. He
decided o give all Alaskans the op-



portunily to hreakfast op sitawberries
awrd cream from theic own back yard,
In seven vears he developed a hvbrd
strawbenry “eight of which have heen
known 1o fill & quart container,”

To compleic the menu he
searched Tor a cattle hreed that could
survive the winter, live ofl the land
and produce good milk for cream.
Georgeson imported Galloway cattle
to Kodiak and later Yaks lo Fairbunks
with this goal i mind. Gulloway
catlle were eventually replaced with
Helsteins and the Yak cxperiments
were halted due to lack of funds. But
aot all his elforls ended in failure.
The develppmient of grain varietics
that mwured al the Rampart siation
cuaranieed an economical local feed
source Tor dairy hoerds in the Interior
Georgeson’s dream of strawberries
and cream came true before he re-
Lired.

Georgeson battled constantly for
funding to carvy out his work and
provide for his employees. The 1898
budget Tor the Alaska district wtalled
$5.000. By 1900, Georgeson had a
budget of $12.000 but he was sup-
poriing three experiment sfalions,
Members of rhe Conunitice on Agri-
culture feh $12.000 was cnough or
perhaps even 0o much, Muany people
hoth in Alaska amd in the contiguous
states doubted the possibiliy of agri-
culture in Alaska, Georgoson went o
Wushingion o address the commitlce
only to be told “ICs no use, your
coming hefore this comminee for a
hewing. Your appropriation is lwelve
thousand deliars a year, und we're not
going (o allow you another cent.”

Lack of money continued Lo be o
problem evea alter he recetved 1n-
creased (unding. Once an Indian cut
off Rampart station Superintendent
George Gasser's finger. He went o
the nearest doctor, an anny physician,
in Tanana for treatment. The bl was
$90.  When  Gasser  presenicd
Georgeson with the bill, Georgeson
refused 1o pay. He claimed that ex-
periment station personnel wore Fed-
cral employecs, They received no

other benefits o the army could pay
this bill, Georgeson was a master af
geting bis money’'s worth, Gasser felt
Georgeson hited all Kansas Siate men
hecause they knew “how (o work
hard long hours from dawn o dusk.”
Georgeson became an advocale
[or Alaska. He wrote 47 books, pam-
phicts, and circulars shout the stle
and iis agricuitural potential. He pub-
lished in popular magazines hke the
Natierra! Geographiv in addition 1o
Alaska Agriculiural Experiment Sta-
tion publications. “Alaska has been
madigned. abused. and totally misun-
derstoud,” wrote Georgeson,
Georgeson wus a vocal supporter
of both homoesteading and the immi-
gration of Finlanders. He believed tha
since the Finns were used o the sin-
lar chiwates of Finland. they would
adapl to Alaska and benciit the
United States, Georgeson believed the
higgest hindrance o settfement of the
tereilory was the diffically in oblain-
ing land. I owas very exponsive Lo
survey land and 80 acres was pot
cnough 10 make a living m the Alas-
Lan climate. Bnoa 1902 testimony be-
fore the Conunittec on Public Lamds
al the House of Reproseatatives.
CGreorgeson argucd eloguentiy for an
increase from ¥0-acre o 320-acre
homesteads. “Alaska can Fernish
hemesteads ol 320 aceex cach 1o
200,000 Tamibics.” suid Georgesos,
Eventaally he won his poind and
Alaskun homesieads wore enlarged,
It s evident from his wrilings
that  Georgeson never  doubled
Alaska’s potential for a great future in
agriculiure. Georgeson was convinued
that Alaska could become o world
feader in agricelture hecause ol 1he
Jand Alaska had o ofler
That potential still exists today.
Greal strides have been madke in Lhe
development of rew varieties that
prodoce well in Alaska and the land
is stll there. I just waits for the cor-
rect economic climale. Then we wil
sce Georgeson’s vision for his
adopled land come true. 13
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Georgeson Botanical Garden

AST  SLMMER. THE  ATTS
demonsiration flower garden
becume the Charles

Georgeson Botanical Garden. For
many years, the Garden has contrib-
uted valuable nformation on suifable
varieties of annual flowers and veg-
etubles (or commercial prowers and
home gardeners as well as being a
majer visitor attraction. We're now
cxpanding the Garden o fully reflect
our mission as a center for subarclic
ecucation and research in the plant
seiences,

The Georgeson Botanical Garden
is a germplasm repository for plants
and seeds of circumpolar species. Far
north inhabitants and rescarchers ben-
efit from studies at the Garden. Plants
from the Garden supporty faculty and
student research in elonal plant propa-
gation, plant cultivalion echaigues,
plarg hardiness evaluation, Alaska na-
Live plant caftivation and plant breed-
ing. Alaska’s only endungered plant
species, the Alcutan shield-fern. now
prows in the Garden in addition
scattered Aleution Tslands siies, Stud-
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Palricia S. Holloway

Associale Professor of Horticulture

ies on this fern—spore germination
and gssue cullure techniques, vegeta-
rive propagation methods, and plant
growth under controlled conditions—
will help determine why Ihis plant is
SO rare.

The Garden alse offers visitors
opportunities 10 leam about the var-
ety of annuals, herbaceous perennials,
woody landscape plants, fruit crops,
grasses and grains that prow in inte-
rior Alaska. Garden plols demionsirate
cullivation technigues for masimum
fruit and vegetable productivity. Many
of the technigues resulted from
AFES"s horticuliure research progriums
over the past 25 vears. During 991,
more than 153000 people from every
state and many fOrcign COunfrics vis-
tled the Garden. Children from 29 lo-
cal schools studied subarciic plant
science through field trips to the Gar-
den.

Muany changes have occurred in
the Garden during the past vear,
Through 1the Special Projects Fond,
University of Aluska President Jerome
Komisar funded renovation of the
Garden  entrance,
Gravel walkways
replaced some of
the dirt paths. A
kiosk provides a fo-
cal point for visitor
information and in-
terprefive displays.
Near the enfrance, a
landscaped, dry
stream bed replaced
a seasonal drainage
ditch. Public dona-
tions placed park
benches ihroughout
the Garden. An ob-
servation deck for
early-scason  bird
watching and other
aclivitics will be

completed this spring.

Last March, a volunteer program
was begun 1o assisl in cxpanding the
Gurden. Alaskans worked in every
phase of development including bed-
ding plant production and mainte-
nance, landscape construction, design
and mainlenance, data collection,
graphic arts, plam evaluation and cdu-
cation. In rcturn for their valuable
pre and effort, they received hands-
on cducation in subarctic horticuliure.
The program continued during the
winier. Volunteers worked on seed
germination research, tissue culture, 2
historical bibliographiy of Alaska hor-
ticulture and greenhouse plant culure,

In 1992, renovalions will con-
tinue with the relocation of the annual
flower and All America Selections
display section 10 a mew permancnl
site. Other construction projects in-
clude 2 Boreal forest nawure trail: de-
sign and planting of perennial flower
heds: and instatlation of more research
test plots. Next summer’s rescarch
projects will est woody and herba-
ceous perennial omamentals, identify
frost tolerance of annaal Towers. and
evaluale greenhouse-applied growth
regulutors on begontus growth and
flowering,

Educational displays will high-
light celebrations of the 757 Anniver-
sary ol the University ol Alaska
Fairbunks, Crops and techniques conm-
man in urn-of-the-century Alaska will
be compared to modern crops and
cultivation praclices,

A sculpture designed by UAF art
students will be placed on permanent
display ol the Garden this summer,
Under the direction of Dr. Wendy
Emst, sculpture students will compete
in a juricd wre compelition o ceeate a
frona: commemonting this anmyversary
and the university’s commiiment to
Aluska’s future in higber cducation, i



Aerial oblique photo of BF Pur River No. 1 gravel pad. Gravel thickness was glfered during vestructuring of this pad 1o
create eperimental plots, Snow fencing was jnstafied on pwo of the biocks o increase saow aconmulation o shelter
plains while they become establisked. The enlive area was fenced o exclude caribow grazing and vehicle traffic,

Gravel Vegetation Experiments —

Alaska North Slope

lay D. McRendrick, Peter C. Scorup, Warren E, Fiscus, and Gwendo-Lyn Turmer

EHABILITATION OF GRAVEL
pads and roads in Arclic
Alaska after those structures
are no longzer needed for ot and gas
exploration and production is an im-

Jay D, McKendrick,

School of Agnculture
and Land Resources
Munagemenl, Univer-
sity of Alaska
Fasrbanks.

Professor of Agronomy,

porlant issuc for regulalory agencies
as well 38 industry. Compliance stan-
dards have nol yel been established;
permits simply reguire gach site to be
rehabililuted o the satisfaction of the
permilling agency. This latitude is de-
siruble, because it will he decades be-
fore all structures are abandoncd, It is
impossibie 10 predict technological
changes and publiv wishes thal far
into the futurc. However, this also
leaves agencies and industry in an
uncomforable position, open 1o crili-
cisms and possibly even litigation
from third parties who were not in-

volved with the origimal project plan-
ning and development.

Total gravel removal offers one
obvious optian, but that would lecave
dead wndra onder the [l needing
revepelation. An even grealer probiem
with gravel removal is “where 1o put
it?” Some suzgest rolurning it (o
where il was originally mined. but
that has serices inplications. Most of
the gravel for the Tirst Prudhos Bay
struciures came [rom river channels,
Retwmning gravel o those sites could
violate federal wetland regulations and
statufes as well as damage stream
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Aerigd photograph of BF Pur River No. @ ogravel pad (24 dudy 19980, In thix coler infraved imuge the green vegetation
appears red. The piants established from ihe strips plisted across the ploss in 1990 uppear as red streaks.

channets. Today, gravel mined from
doep pits provides most new construc-
tion materiaf. Many of these pits are
flooded and converted te overwinler-
ing habjtat for fizh, a rare habitg in
that region. Dumping used gravel into
those sitex violates state fish habita

Dr. Maynard A. Fosherg., University of ldaho. and
Warren E. Fiscus, University af Aluska Fairbanks,
cxamine vigewrous growth of srasses resulting jfrom o
misture of native plants seeded a vear earfier ar the BP
Pur River No. § gravel pad (15 Jafy 19971},

26 Agroborealis

protection regulations and law,

The most plausible approach to
gravel removal 1y to regse i in an-
other project requiring rouds and pads
which means feaving o in place until
needed, This 15 convenient, coxt eflee-
tive and has minimum environmental
imipact,  Also,
some of the
negative pereep-
tons about
gravel fill and
wildlifg habitat
may be over-
stated. Recent
studies (LGL,
Inc., 1994, 1991
and TER A,
{9915 indicate
some  wildlife
specics use
gravel structures
and  disturbed
sites muore than
they usc the ad-
jacent undis-
turbed tundra.

Developing vegelation on gravel
structures that would provide habitat
for wildlife is an appealing alterna-
tive.

Restoring tundra acsthetics is sel-
dom mentioned as a reason for reha-
bilitating, disturbed sitcs on the North
Stope, bul we believe it is a strong,
alihough often overfooked, motivation,
Any rehabilitation effort thal visibly
blends the disturbance o the natu-
ral landscape secms to appeal 1o first-
timwe ohservers., Unsightliness cannot
be ignored.

Our gravel vegelanon rescarch
project is looking for answees to help
agencies and industry select aceepl-
able and attainable vegelation objec-
tives for gravel structures on the
tundra.

This project censists of three
main areas of study:

» jdentifving native plants that will
survive on gravel sites;

= cxperimenting with seeding indip-
enous plants on gravel fill; and
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= nnipulating gravel fill © improve
conditions [or plant establishment
and survival.

From our two decades of expere-
cace in the region, we have learned
that some of the most significant plant
FESPONSEs OUCUT SEVen, 1en, OF more
years after initial plant establishiment.
To acquire as much information on
long-term vegelation changes as pos-
sible from our tests, we designed this
experiment as a [O-year study. The
sty officially began m 1989, bul we
starfed gathering information in 1984,
while evaluating gravel fill used for
the second exploration of the National
Perrolcum Beserve in Alaska (NeRAY
{McKendrick. [986),

Identifying Native Tundra
Plants Colonizing Gravel

The cnvironment of gravel 11l s
very different from wet or moist tup-
dra adjacent to the fill. Consequently,
most planis surrounding gravel fills

are unadapied o living
o the gravel. However,
tundra  planl  species
adapted to pravel sites
pccer naturally ou gravel
along rivers, on dry
banks and ridges, and on
stony  siopes.  Also,
throughoui the region
there are many older
fikls, which have been
invaded, to varving de-
grces, by plamz adapied
to such environmonts.
We arc cxamining and
cataloging planl species
of such sites, 1o identily
thosc adapted to gravel
By noting the ones pro-
ferred by wildlife, 1t
shauld he possible 1o de-
velop plunt communities
usclul to those animals
on gravel fill. We have
observed gravel fills n
the Prudhoe  and
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Robert Rodrigues, LG Research Avsociates, e,
eollecting seed {24 August 1989} with a mechanical
harvester designed and consirncted by Wareen F

Fiscus. A portuble gencrator sapplies  power Jor
running g shop yavuunt which is anached 1o an
electric hedge primmer.
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Kuparuk oil fields, zravel barns and
dry and rocky ridges along the
Sagavanirktok River from the scacoust
inlo the foothills, exploratory sites in
~weRA, and sandy soils in the Tyumen
Region of Russie. We have found
more than |50 vascular plants on
such sites on Alaska’s Norib Slope.
From among those, we've selected
about 100 as having potential for veg-
etating gravel fill, hased on sced pro-
duction, lite form, wildlife use, and
acsthetics.

Cellecting and Planting
Native Plants on Gravel Fill

Because gravel Hlls we notl sw-
ounded hy plants suiied to growing
on them, adapted species must be
brought 1o the sites. Given sufficient
time, many plant species will eventu-
ally be mbroduced naturally by am-
mals, wind, or other sources. To
accelerate the process, we are gather
ing seed from the most promising na-
tive planis. We 1ake our collections w
the laboratory, hand thresh, clean. and
test thom {or germination. Collections
are stored until we need seed o pre-
pare planting mixtures for field ex-
periments.

It is belicved that stands ol the

most desirable tundra plants could be
established to provide seed for veg-
elating specific gravel il sites. Most
of these indigenous plants will nol
survive cutside the Arctic, Therefore,
seed production sites will have to be
located in the Arcric.

We have discovered that natural
seed production in the Arctic varies
markedly among vears, probably in
response o temperaturc. Even when
growing scason temperafure condi-
tions are favorzhle for seed produc-
tion, weather effects can still prevent
acquiring a plentiful seed crop. Wind,
e storms, and other [actors af har-
vest lme can roin the harvest, Dis-
ease amd insect predalion on sceds
alseg conbribute 0 redoced harvests.
Similar nataral oscillations in vegeta-
tien reaction o weather variations
over yvears have been recorded in the
sali-desert shrab, another extreme en-
vironment (Sharp et al.. 19903

The 1988 growing scason was
unusually wanm around Prudhoe Bay,
Our femperature records indicated air
and soil heatng lor July. Augusi, and
September was cumulatively double
that for 1988 and 1990 and four tmes

that of 1991, Planis flowcred pro-
fusely, and Arcrophila fulva sceds ma-
turcd al locations where we had

previcusly found nome {MoKendrick,
19903, We had refatively little time in
the autuma of 1989 w0 gather seed;
however. we died hurvest 43 spedies,

During 1990, there scomed 1o be
carry-over effects [romm 1989, which
were exhibiled oy whundant Aowering
and sced formation by indigenous
plants. Unfortunately, strong winds
shattered much of the sced crop be-
fore we could harvest 1. There was
one nine-day period with constant
winds, oflen greater than 45 mph ve-
levities. Bespite (he inclement
weather. we ohtuined sceds from 62
specics, Qur 1990 seed harvest was
direvied 1oward forbs and shrubs, as
grasses dominated our previous plant-
mg. and diversity of plant growth
form i sestheteally desivable, Pure
stands of single plant species valuahle
as wildhife feed may he prefored. i
short-term growth of an animal popu-
lation is the managemeni goal. But
monoculture-—the growing ol ong
plant specics—runy the risk of total
failure, which would icave the land
anprotected.

Growing condilions in 1991 were
mosl unlavorable, duce to cool rem-
peratures. Thig vear, many plani spe-
viey failed w flower, Secds never bad
4 chance 1o form and matwre. The cf-

Seeds and plans frugments, aglong with soil particies,
accumdate iR the snowheds creaied by saow fencing, The
agocamudation shown {21 June 1991} in this photo of gravel
it the BP Put River No. [ experimenis is from cite winler.
It appears as If temporarily using snow fences might
improve soil conditions on gravel puds.

28 Agroborealis

Snow peds created inside the snow-fenced botanival
garden remained until the third week of fune in 1991 and
may shorten the availuble growing sewson for plunts, Notr
the soll and debris caughi in the snow drift and irs effect
in melting the snow. Photo taken 30 Muay 1997



Amber Mavo, Eric W. Fiscus, and Warren E. Fiscus raking

plots for planting, 27 June 1991,
experimet.

fects were more pronounced on the
coastal plain than in the loothills. To
compensaic, we extended a greater
seed collecting effort in the autumn of
1991, inciuding using a helicopier to
reach previously unharvested siles.
Fifty-six vascular plant species were
inctuded in the 1991 seed collection.
Howoever, many seeds wore immature,
and it s likely that few will be wvi-
able. We may have to posipone our
1992 planting until we have adequate
sced supplies.

Our field tesls include a botani-
cal garden of gruvel colonizing plant
species and planting yixtures of in-
digenous seeds in experimental plots
on a restruclured gravel pad. Six
inches of silt loam overburden was
added to the gravel fill surface to cre-
aie a 125 X 100 ft botanical garden
on BP's Put River No. | dnlling pad.
Euch species was planted in a single
fow—approximaltely 30 fr in length,
Rows are parallel with the provailing
wind direcrion, and four foot snow
[encing was erected to create & snow
accumulation fo protect planis, How-
cver, hased on {irst-year ohservations,
we believe this created 100 much
snow cover for some specics, and
plan o reduce the snow fence height
in 1992, Thirty-three spoecics were
planied in 199, using seed gathered
in 198Y, Thirty additional species

Note snow fencing
remaing it place even during the spmmer (0 Lhis

were planied in 1991, from the 1990
secd harvest, bringing the total num-
ber planted in the botanical garden o
83, These inchude 38 forbs/haif-
shrubs, 18 grasses, four shrubs, and
thiee sedgesfrushes, Considering that
current tundra revegelation practices
in Alaska wsually include only three
grass species, we believe this oxperi-
ment might significantly increase the
number of species availuble for woveg-
ctating disturbed Alaskan Arclic sites.

Generally, success in gathering
indigenous tundra plant species seed
and establishing stands on gravel plots
ang the botumcal garden has been en-
couraging. But from a practical view.
we must conclude that suecesstul secd
production sites in the Arcric should
be away from the seacoast. Also, the
harvest window is very resiricted, For
instance. Blackish oxytrope (daytrapis
aigrescens) sced pads on plants in the
Sagavanirktok River Delta were abun-
dant i 1989, One of us gathered sov-
cral large bags of pods. Three days
later the entire crop had shattered,
making further collecting impossible.

Manipuiating Gravel Fill to
Improve Habitat for Plants

Maosl gravel structures i Alaska’s
Arctic are aboul five feet thick to pro-
tect the underlying frozen soil {perma-

Judy Scorup collecting seed of ice-coated Arctagrageis
katifolia, o native grass consmonly fowssd in the Alaska
Arctic (15 September 1991 )

frosty and o provide a stable swrlace
for equipment and buildings. A recent
sludy indicates an inverse relationship
between gravel thickness and plant es-
tahlishment (Jorgenson, 198K). Thick-
nesses greater than iwo feel were
comnsidered inferior o those ol two
feet and less, Various factors——re-
duced sail moisture availabilities,
wind exposure, lack of snow cover to
shelter seedlings during winler, cle—
might explain this.

The Arctic Ceastal Plain tundra
fandscape s at and subjected to
stropg winds that remove snow from
clevated areas, deposiling it m depres-
sions. Typically, standing dead plant
romiins trap soow, Onec a stable
planl community forms, 4 natural pro-
cess [or accumulating snow and pro-
tecting overwintering plam parts from
desiceation and injury v established.
This is opposite of clevated gravel
pads where winter storms secour spow
from the surface. Wind break effec-
tiveness on gravel N1l was aoted
where siall portable buildings created
a tornpovary shelter botween 1973 and
1984, 1n that sheliered area, a natural
grass stand formed and porsists even
though the buildings have been re-
moved Jor eight vears. Providing shel-
ter during the enucal establishment
period may effectively accelerale plant
community formation on grave! fill.
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Aster sthivicus vofonizing on an abandoned gravel pad in

the foothills.

To be useful during oil explora-
tion and production, gravel fill must
be compacted 0 support traffic und
weight of structures. Aeration and
moisture penetration are himited ia a
compacted Gl due to reduced pore
space, readering it less hospitable (o
plant growth,

Typical gravel containg relafively
little salt- and clay-sized parucles.
Hence, i has relatively low capacity
for retaining moisture and natnents
needed to support plust growth, Pre-
vieus work on mine spoils near
Fairbanks indivated as litde as 10%
sill and clay in the spoils was asso-
ciated with refatively dense stands of
trees and other colonizing plants. We
have measured the comhbined sand,
silt, and clay contents of gravel from
various Prudnoe Bay region sifes and
found ¥ varied hciween W and 33
poreent (MceKendrick and Holmes,
H9897. We suspect more detatied
analyses will reveal that this Traction
consists mainty of sund and relatively
lude silt and clay for most locations
in this region. Thus, the fine fraetions
of these gravel fills may conrain low
proportions of the kinds of particles
best suited o retaining available mois-
turc and nutrients for plant roots,
There 13 alse considerable variation in
fine fraciions quality among the
region’s different gravel sources. At
some Tocarions in the Kuparuk field,
there appears to be mare sill and or-

30 Agroborealis

Astragalus alpinus, an indigenous fegume, grows naterally

dalong stream channels in the Alaska Arciic.

ganic matter than fouad in the
Prudhoe Bay gravels,

A five-tactor cxperimental design
(33X 2X2X 23X 2 was used 1o
west methods lor correcting zravel
pads” most ohvious adverse condi-
tions, These factors are; (hree eravel
thickness, 1we amounts of overburden,
lwo tillage, two snow {encing levels,
and two prass sceding levels, Each
caperimental unit was replicated three
times and will receive three scparate
mixtures of nalive plant seeds. The
experiment began with the first plat-
ing in June {99, The second plant-
ing was ia Junc 1991 und the final
planting will be June 1992,

The BP Pul River No. | driiing
pad was selected for the field experi-
menls. B owas construcied during 1969
using eravel removed {roant the nearby
Putitigayuk River. Briish Petroleum
discovered their portion of the giam
Prudhoe Bay oil reservoir atl this sile.
After exploraiory drilling caded, (hie
location remained unuscd until our
project sturied. o the Iate winter of
1989, cores wore syslematically
deilled through the frogen gravel w
measure the existing fill thickness.
Rased on those duta, the pad was re-
structured w0 creare four blocks, each
containing gravel thicknesses of two.
three, and five fect above the under-
lving tundra. Each Lift was compacted
o ammitale normal pad conditions and
divided inlo three replicales ot four

plots cach, Three inches of silt loam
averburden wis added to hull of each
plol. The overburden had been
stripped and stockpiled W a gravel
mine sue. Hall of all the plots were
tificd 1o reduce compaciion and 1o
mix fourn inta the uppor three o four
inches of gravel in hall the
overburden freatments. Al plois were
given a single apphcation of tertilizer,
34 300 and 30 Ibacre (clemental

Tanareium

hipinnatuny  {a.k.u.
Chrysanthemunm hipinnarum;
ealanizing sand in the Kuparik River
draingge.



Senecio congestus, colonizing on
gravel washed onro wet rundra from
a drifling site (25 July 19971).

cquivalent) of nitrogen, phosphorus,
and potassium. Two blocks of the cx-
periment were hydro-seeded to glau-
cous blucgrass (Poua glanca) to
provide four sceds per squarc [ool.
This grass was seeded to initiate the
colonization process (o test sparse
grass stands effectiveness in trapping
snow and thereby improving other
plant establishment. All blocks were
oriented perpendicular with the pre-
vailing wind, and two foot gravel
berms were constructed at the edges
of two hlocks to trap snow. These
berms proved ineffective, and four-
fool snow fences were added in Oc-
tober 1990},

Mixtures of seed from our collec-
tions were planted on portions of each
of the 144 plots in this cxperiment.
Sced mixtures were blended with dry
sand and hand applied to plot sur-
faces. Belore seeding, plots were
raked. After planting, plols werce again
lightly raked and tamped to ensurc at
least a portion of the seeds were in-
corporated into the gravel surface.

Before planting, each trealment
plot was subdivided into five equal

rectangles. The center fifth was
planted with a mixture of 31 plant
species in June 1990. Grasses initially
dominated the stand from this seed-
ing. To shift the emphasis away from
grasses, the right-hand [ifth was
planted with a mixture of 28 tundra
species, primarily forbs and shrubs,
the following year. A third, and final,
planting is scheduled for the spring of
1992, if we obtained sufficient viable
seed from the 1991 collection. Two-
fifths of the plot will remain as
unplanted controls 1o monitor the
natural invasion of plants. Gravel
thickness, tillage, native sced mix-
tures, overburden applications, and
replications were applied as split plots
rather than allocated randomly, (o ac-
commodate the heavy equipment used
in restructuring the pad.

From iniual observations, it is
clear that the snow fencing provides
a signficanl snow 1rap. Afler even
light snow, accumulations accompa-
nied or followed by wind produced a
snow cover in the fenced plots, while
the surrounding natural tundra and
non-fenced plots remained snow [rec.
On May 7 and §, 1991, we measured
snow cover on these plots and found

41 inches accumulated in the fenced
area. This accumulation contained
16.5 inches of water. Portions of the
overhurden plots without snow fenc-
ing were snow free. Average snow
cover on these plots ranged between
none and 10 inches, with the least ac-
cumulation on portions of the five
foot lifts. Maximum moisture accumu-
lated on these unprotected plots was
1.5 inches, and averaged less than .5
inch,

Snow fencing also wrapped a large
amount of wind-carried soil and plant
particles. After observing this, we
placed pans in both the fenced and
unfenced plots to measure the outfall
ol soil and plant materials, which ac-
cumulated on the gravel surface over
winter. We noted the importance of
very small elevation changes on the
pad’s surfacc. Where no snow fences
were constructed, the three inch lift of
overburden on selecied plots was of-
ten cleared of snow while the adjacent
gravel retained a slight snow cover-
ing.

Germination and subsequent plant
growth in these first two plantings on
the plots, as well as the botanical gar-
den, were encouraging. We noted un-
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Suerw accunndations inside snow-fenced plots ar the BP Put
River No. | experiment (6 Mav [99/],

usual reddish leaf colors in some of
our grasses in (991, This may have
becn a reaction ta the low temperd-
tures experienced during that year or
o decliming soil natrient sapplies.
Samples of soil and gravel, as well as
vegetative lissue from establishing
plants. were laken for laboratory
amalyaes 10 investigate possible catses
for that response i these plants. J
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Dy, Maynard A, Fosherg and Tl Knapp collecting water
samples and refated data frem the reserve pit at Tunalik
Test Well No. § drilling tecation (25 July 1991 ).

muanities knowing the various con-
struction and repair practices used,
We can determine the long-term im-
plicalions of land rchabilitation prac-
tices used at the site. This helpx
indastry and government agencies
working in Alaska’s Arctic regions
develop realisticv expectations for
gauging progress for tundra kand man-
agement,

Tunalik facilities consist of u
driiling pad with reserve, fucl, and
flare piis, a runway, taxiway, an air-
craft parking apron, and a road con-
necting all these struciures. The
runway, parking apron, laxiway, road,
and half the deilling pad were insu-
Lated prior 1o adding the sandy, gravel
fill. A portion of the drilling pad [ilt
was excavaled from the reserve pit,
The light-colored subsotl from the
bottom ol the pit is cvident on the
drilhing pad sorface. When the lova-
tiant wis abandoned, a trench was ot
through the faxiway at the edge of the
runway o drain 2 large impoundment
beiween the ainstrip and taxiway. This
also prevented vehicolar ravel from
the airstrip o the drilling pad.

The Tunalik drvilling pad, road,
tuxiway, and parking apron were
seeded in 1980 and again in 1982 us-
ing a mixwre of glavcous Bluegrass
(Poa glaucal, red fescue (Festuoa
rubral, arctic potargrass (Arctagiosis
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Iuly 1991,

fatifelia), and Kentucky bluegrass
(Pra prarensiv). Those samg arcus
were fordilized in 1980 and 1982 with
nitrogen, phosphorus, and potassium.
The airsivip was nether seeded nor
fertilized.

We obtzincd our first vegetation
information oo the gravel pad at
Tunwlik during an on-site-evaluation,
July 15, 1984, three years after the
arcy was Tist seeded and lertilized. At
that time six families, 14 genera, and
15 specics were ohserved on the
ahandoned drilling pud. On Joly 24-
1901, seven growing seasons later,
we reexamined the site, Eleven years
alter site abandonment, the drilling
pad vazcular plant comimunily con-
sisted of nine lamilies, 19 genera, and
23 species,

In 1991, we found the upper sor-
faces of the tuxiway, road, parking
apron, and iosulated scction of the
drilling pad occupied mostly hy glau-
cous bluegrass. Polargrass and red
fescue donrinated the structures” side
slopes. The only evidence of Ken-
tucky hlucgrass was g few shools in
subsidences on the drilling pad’s non-
insulated area and one clump on ihe
pravel {ill siope of the airstrip.

The airstrip’s landing surface was

covered with a dense stand ol

Phippsia (Phippsia algiday and snow
pearlworl (Saging intermedia). Those

Warren E. Fiscus surveving the Tunalil Drilling pad 1o
map locations of phetopoints and ey sampling areas (26

are, respeclively, a grass typically
found un sandy. sulinc soils along the
seacoast In this region and a small
member of the pink {amily, also com-
mon on sands and gravels in the area.
Ar the east end of the airstrip there
were several distinet patches of dark
oreen, robust stands of Tapacetum
{Hunacetinn bipinnairry and northen
tansy musiard Pescurainia
sophifoides ). These two plant species
occupied the gravel surface in those
tocations e the exclusion of Phippsiu
and Sagime. Tanacetum bipinnatang (s
u memher of the sunflower family
and resembles wild chrysanthemum
and camowile. Descurainia sophioides
s u biennial member of the crucifer
or vabbage Tamily. Both of (hese her-
baceous, hroad-leaved plants occur
aaturally i this region,

The irench cut through the taxi-
way was ahimost completely occupied
by a stard of Arctic pendant grass
UArctophila fulvad. a native grass thal
occurs in shallow margins of ponds
and along sircamns in the Arctic, Cer-
i migratory watcrfow! scem Lo pre-
fer hahitats with Arciophila. Along
the airsinip margin,d Arcrophile fulva,
and several other indigenous prasses,
sedges. shrubs {mainly willow), and
forbs were volonizing.

In (991, thermokarst—an altering
of the terrain caused by melling per-



matrost which results in pools, ponds
and zubsidence—was occurring over
much of the non-insulated portion of
the drilling pad. forming troughs and
closed depressions, some of which
contained standing water. Al one
thermokarst ponl, we observed and
photographed a female pintail duck
with her young, while they fed and
swam seemly oblivious of our pres-
ence. Arctophila fulva was a common
colonizer in these drilling pad wet ar-
cas, as wore sedges, moss, and some
grasses. ft was evident that lemmings
had grazed heavily on these plants
during the winter. when lemiming
populsicns nawrally increase under
the cover ol snow. Certainly geese
and perhaps caribou had added 1o the
urazing pressure on these plants dur-
ing the early growing scasen. They
feft only (he short siubble of green
lcaves wo observed in July, 1991,

In 1984, we lound the reserve
and fuel pit berms hud been breached
by water from melting snow. which
typicaily drifis inlo such strucrures. At
this focation, mell water enters on the
wost side and exits on the east dur-
ing spring runolf, adding water 1o the
pits. At that fime, we diseovered fu-
iy feaking from the reserve pit had
killed much of the vegetation n 4
drainage on the down slope side from
the site. The drainuge was nutural

Cirewlar frame defines 0.dm” of a pordion of the non-
insulated pad swiace at the Tunalik Testwell No. 1 drilling

purel.
during the previows winter.

habitat for wet sedpe meadow (undra
plants. In 1991, the [lare pit berm had
also breached, and one coatinuous
body of water connceted the three for-
merly separate pits. Fluids still leak
from the combined pits inlo the drain-
age during spring runoff, bur the wa-
ter quality in the pits was much
improved over what we found in
1984, By 1991, the dissolved solids
wore within the range of those found
m some natural ponds and lakes. We
were pleased to discover that most of
the wet sedge meadow, formerly
killed by the reserve pil fluids, had
recovercd natarally. These new sedge
and cottongrass stands obscured refer-
ence poinls. making rephotographing
our 1984 scenes of the leak-affected
areu difficult.

Measurements on the insulated
portion of the pad indicale glascous
tuegrass and moss dominated the
vegetation, The same was tue Tor up-
ner surfaces of the taxiway. road, and
parking apron. all of which had been
seeded and fertilized. Vascular plants
that had nuturally invaded the imu-
lated portions of the gravel drilling
pad were not as abundant as glaucous
biuggrass, which had beep sceded.
There was & caribou trail down the
middle of (he road. It resembled a
typical cow path on Hivesiock rangos,
We ohscrved mauny canboeu using the

Notice the areq wus heavily grazed by lenimiing

Wrrenr E. Fiscus, Peter € Scorup.
and v, Lee A Sharp collecting bultk
denyity samiples from ithe susfuce of
an inswlared pravel deiliing pad in
NPRA (17 fulv 1991}

path during our four-day siay @ the
site. They were possibly atitacted Lo
the road because it was elevited and
permitied them sorpe inseel rebief and
oflered a betrer view of approaching
predators. [i was also mwch easier 0
wulk on the road than on the hum-
maocky fundra,

Clase view of drilling pad suvface, insulated pornon,
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It was instructive to compare the
relative abundances of vanons plant
species among moist, dry, seeded, and
unseeded portions of the Tunalik
gravel steuctures, The most abundant
species on the driest portions. which
had been seeded, were glaucous blue-
grass and moss. The bluegrass was
part of the seed mixture, and the

moss had invaded naturally o re-
sponse to the feriilizer. Indigenous
vascular plants and moss were sue-
cessfully colonizing non-insulated
drilling pad areas and were respond-
mg to ferlilization by growing more
vigorously than in undisturbed sites.
On the airsirip surface, driest porlion
of the unseeded gravel, Phippsia

Carthese fromting along gravel road at Tunalik Test Well No. § drilling site {25

fulv 19911

Caribou il on the pravel vowd betweent Tunalik Test Well Noo | drilling pud
wird purking apron (23 July 1991),
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afgide and Saping intermedia wore
the two most abundant species. in
terms of species diversily on dry
microsiles, there was little quantitative
difference beiween seeded and
unseeded locations. However, we
notced severa] specics inhabiting the
runway that dul not occur on the
gravel pad. These were: downy
oatgrass (Frisetmm spicatun), dlpine
holypruss {(Hierochioe alping), dwarf
fireweed (Epifobium jatijofiuni, and
arctic poppy (Fapagver fapponicum),
In addition te Saging intermedia,
Plippsia  algida, Tanaceinm
hipinnatum, and Descurainia
sophoides, alrsinip vegetation meluded
comsiderably more norther woodrush
{Lucula confusay and scurvy-grass
{Cochivario officinallisy than the drilt-
g pad. In moist microsites, plant
species diversity was greater than in
dry microsites. Lack of unseeded
moist hubitut on gravel surfaces pre-
cluded comparing plant communities
between mojst and dry habitats on
witseeded gravel.

Fertilizer spilled while loading
aircrall caused the dense stands of
Fanacetum and Descurainia at the
end of the airstrip. Remnants of the
fertilizer pellets almost ong-inch thick
were evident in some of these green
paiches of vegetation. Thus, shifting
the balance of soil nutrients can have
a marked influence on the kind of
vegewation that forms on such sites,
We have obscrved a similar response
Erom Descnrainie where forelizer was
spitled on a wans-Alaska pipeline sire
in the Sugavanirkiok Valley south of
Prudhoe Bay,

We have observed in the Alaska
Arctic, us well a8 in Russia, that fol-
lowing disturbances o the soil. there
is a tendency for certuin plants o
change their growth pattern from pri-
martly vegetative to a more robusi
form generating many [lowers and
seed heads. Collongrass (Friophoram),
grasses: hairgrass {(Deschampsio,
Festueu, Arctophifa, wnd Aretagrostis
and torbs groundscl (Sesecio), bistort
{Polvgomam), und Descurainia are gx-



amples. Applying fertilizers o tundra
plard communities induces the same
response. This response to forn: seed
# how tundra plant communities re-
store themselves following distur-
bances. However, on gravel pads,
there are no plants, seil, nor a latent
supply of mineral nutrients to begin
the healing process. Thus, people
must supply those elements 1o accel-
erate plant commuonity {ormation.

The preponderance of new
Arciophila fulve stands in impound-
ments, as well as in the open ground
of drained sites thronghout the area.
indicaled the species’ ability o colo-
nize a variety of disturbed soils.
There were no nataral Arctophila
fulva stands in the mamedigte vicisity
prior (o the Tunalik dnlling sie de-
velopment, We suspect that graecrs,
attracted 0 these strugtures and new
stands of seeded grasses, may have
been partially responsible for intro-
ducing Arciophila fulva. Water flow-
ing across the landscape during spring
hreakup may have also brought
Aremphila to the locaiion.

The recovery of plants in the area
affected by the rescrve pit leak was
enconraging evidence thal such dam-
ages are only femporary. Flushing of
sulis from drilling siies by runoff wa-
ter and decomposition of the hydro-
carbons over timie will naturalty return
productivity te damaged soils.

What do these obscrvations indi-
cate for wndra rehabilitation? They
show that sceding with 2 mixdure of
nalive grasscs adapied o the tundra
angd available from commeraidd seed
growors in Alasks cun produce veg-
ctation stands on gravel pads, Glau-
cous bluegrass, here as well as at
other locations surveyed, usually
dominaies the horfzontal, compacted
{driest} areas of gravel pads,
Polargrass and ved fescue are confined
i the side slopes and marging {(more
modst)y sectors of these struchures. The
‘Nugget” varicty of Kenucky blue-
grass is not adapted 1o the reglon and
persists, if at all, for only a short pe-
riod. Thus, if a long term sccded-

Clase view of the gecidenially-fertilized surface 1o the wivstrip ot Tunalih Test
Well Ne | driliing site (27 Duly F9U15 Feviilizer was spilled in 1982, when a
fiaed-wing givcrafl was ased to apply the freaiment 1o secdings on the pad.
apron, and road. The plot area is 0.0 80, The coarse leaves are Descurainia
sophicides, a Bennial member of the nusiard family. The fine-leaved plant i
Tanacetumt bipinnatum, a member of the sunflower jamile. These two plam
species have oocupied fertitizer spill areas, at the exclusion of other plant
Species.

Clase view of airsorip swrface at Tunalih Test Well No, 1 driffing site (27 July
1991} The avea of the circular frame ix 0.1 wr, and the small groass is Phippsia
algida. The forb is Saging infermedia.
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A clase view of Seging nievmedia with ripe seed pods. Notice the small brown
seed among the sand grains on the gravel surface (o the Ieft of the plumi, This
apecies fs o member of the pink family and has established extensively on the
gravel surface at the Tunalik location. except where grasses were planted and
fertitizer was spilted.

grass stard 18 necded, planting a mix-
ture of glaucous bluegruss, red fescue
andd polargrass is a dependable option.
If & short-lerm cover, initially attrac-
tive to grazers, b desired, then sced-
my with gither annual grasses andfor
Nugget bluegrass is suggested. One
should realize that estublishing a per-
sisterd grass cover will slow the rate
of aaive planls colonizing the arca,
duc to competition from the seeded
arasses. Gn the other band, a tempo-
CAY grass cover may nol meet current
requirements of land managerment
agencies. Also, the natural invading
planis that occapy gravel pads in this
region will be neither those specics
tvpical of the wet ground nexl o the
pravel struciure mor will the plant
densities on the gravel pads be as
preat as in the commmunities surround-
ing the pad. Regardless of whether
vegetation Jormed on gravel siructuies
is by natural proccsses of (tom secd-
ing and fertilizing, the resulfing com-
munitics will more closely resemble
those of gravel and sand bars along
streams, dune ndges near the seacoasl,
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or the stony ridges ol the foothitls
than cither the wet of moeist fundry
nearby.

Which of these disturbed and re-
habilitated habiiats is the better for
wildlife? Obviously. for waterfowl,
the non-insulaled, sceded and ferul-
ized, Arcraphila futva-dominated im-
poundments were preferred over the
dry localions for fooding, Waerfowl
rested on dry areas adjocent 1o the
wet areds berween feeding bouts, Dur-
ing winter, lommings thiive in the fer-
tilized and vegelated non-insufaled
porticas of gravel pad where
thermokarse basins formed but re-
maincd free of standing water
throughout much of the growing sea-
son, During the summer, lemnsings
survive elsewhere. Caribou grelerred
the high. dry habitats during imsect
harassmont season, bot aloag wilh
geese, may foruge on the wel sedge
meadow vegeiation in (hormokarst
microsites, Small birds thal feed piri-
marily on plant seeds would find the
adrstnip inviling wiih its abundant sup-
ply of Sagina intermedia seeds. It s

important 1o recognize natural com-
munities on gravel bars of streams arce
pertodically sought by caribou be-
cause they provide palatable forhs,

Which of thesc habitats s pre-
ferred by people? A botanist would
find the themmeskarst areas of naturally
securring plants most inleresting,
aiong with the alrstrip’s cover of
Phippsia and Saping i the middle,
Hanked by numcrous other pioncers
along the margins. The dense stands
of glaucouas bluegrass muy be pre-
forred by those who would choose
any plant cover i contrast @ bare
gravel, The recovery of the site ol
lewing abandonment was 1n dself in-
feresting to us, because i indicaled
the resitieney of tundra plants to matue
rally recover, even whore soils bhave
been alfered drastically with dntling
wisles, It alse showed the copucity
that indigenons plunts, as well as
some commervially available grasses,
have for vegetaling gravel and how
even cxccsstve applications of fertil-
izer do aet always result in barren
soil.

Improved rehahilitation technol-
ogy lor the Alaska Arclic cvolves
with each new cxpericnes. 1t began in
the 1970s, using mud-latitude ranpe-
land revegeiation praciices and equip-
ment adapted to meet North Stope
noeds. Revegetation for the irans-
Alaska pipeline was the first major
tupdra land sehabilitation project in
Arctic Alaska. Seeding and fortilizing
technology of thal roule was largely
hased on cxperience and informartion
from putside the Arctic. During con-
siructinn, new information about
Alaska’s planl materials and fertilizer
cffects in tundra soils was acquired
and incorperated 1nto reclamation
wark. With completion al (he pipeling
priject, the sccond cxploralion of
NPRA began. Tnndia site rehabilita-
tion inlormaton and technology
gaincd from the trans-Alaska pipe-
hne—-continually modificd by ongoing
rescarch findings—was wsed in
NPRA. Phullip D23, Smith, o copsuli-
ant during construction of the trans-



Piant Species WEL 199 el
Sramincids
Alopecurus Glpnus P
Arclagroshs ialifolia P P B
retophda fuiva F P P
Carex aguoiiis P P &
Bupontia fishat P P
Eriophorim angushifofium 24
Enophcrurm scheuchzrer w P
Eriophornsm vaginatum p
Fesfuco rutra F P P
Luzula confiso e
{uzde wahianbergh P
Fhipspsio algido F 14 P
Foo orctica P P P
FPoo glauca P P P
Foa prafensis 7
Shrubs
Sl brochyopfiviio sso. niphockocic T
Salix ereifolia T P
Forbs
Artemisia Fesi P
Cerasinom beerningionum T
Cochiearia officinglis P p P
Descurainky sophicides P
Fabd COrnbosa P
Epilobitr angustifolium P
Hipypiris vulgors P
fanunculus gmelind ssp. graslin P
Sagina intermedic P P
Senecio congeshus P P P
Stellaric Fasrifusa P
{her
Lichen P B
Moss P
Mushroom P
P = presant; T= trace; blonk = absent
*rsuloted: ** Nondnsuleled

Lizsing on vascular plant species gad lower plant forpis
found on driliing pad at Tunalik Test Wellsite Na. 1, in
1984 and 1991,

Jill Knapp measuring vegetation cover on e east srargin
of the drilling pad @ Tunatik Test Well Noo 1027 Iuly
199§ ;. This portion of the drilling pad is insidated and has
nei subsided, as did the non-ingulated western portios.

Southward aerial vblique of the non-insulared fwestern)
portion of the drilling pad at Tunalik Test Well No. | (14
July 991 )

Sotithward aericd oblique of the invulaied (castern) portion
of the dritting pad at Tunahk Test Well No. [ (24 July
igvls,
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Fintail hen and ducklings in thermokarst pool formed on the surface of the non-insulated portion of the Tunalik Fest
Well No, | drifling pad (25 July 199])

Alaska pipeling, dirccted NPRA scha-
bilitalion and used methods developed
during the pipeline project. Ax caplo-
ration and production are contem-
plaied for other Arctlic regions {(Russia
as well as U8, tundra rehabilitation
technology will further advance. This
constant learming and implerenting of
new knowledge and skills improves
land rehabilitation procedures.

Ay we conlinue lo monitor
changes on loeations such as this onc
at Tunalik, we will gain greater m-
sight mto the long-term implicationy
of various tundra rehabilitation prac-
tices. The more we know abou! what
occurred ar g kxation, the more in-
sight can be gained. For instance, i
we had not witnessed tertilizer being
foaded inmto aircralt at the Lonely Ain
sinp fo fertilize other NPRA sifes sev-
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cral years prior to the Tunalik site
survey, we may have overlooked the
unusual responses of Tungeetsm and
Descurainia to cxeessive (ertilizers on
the Tunalik airstrip. The kinds of in-
formation that become valuable for
interpreling vegetation responses in
the future are not always eadily ap-
parent and documented when sile re-
habilitation s naderway. Having
continuily among observers s very
valuable for gathering and retaining
such information.
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Of Moose and Mines

PROPUSED COAL MINE NLAR
Paimer could give moose a
big bonus in the Matanuska

Valley Moose Range’s (MyMR) Wish-

hone Hidl porhion. One of the pro-

posed Wishbone Hill Coul Project
reclamation goals is o produce moase
brawse, Many plant species used in
tand reclamation are also good browse
plants. However, during planmng lor
the Wishbone Hill Coal Project,
agency persoancl wondered about
woady species survival and growth
rates. They wanted to be sure thal
healthy plants providing moose
browse would he present al the cad

ol the H-vear bond release perind,

For three vears, T989-1991, ares
researchers studied cxperimental plogs:
I3 1o determine woody plant species

survival and growil rates on cer-

tain soi} types in the Wishbone

Hill Coal Project and
2} ro investigate seed mixes for

different goals,

The land management plan gov-
erming the stvmi required producing
adequate moose browse after reclama-
tion. State and federal coal-mining
regultions require establishing seli-
reproducing plant communitics 1o pro-
vide udequate ground cover and
diversity (Surfuce Mimng Controf and
Reclamation Act 1977 Vegetation in
the proposed permit area was inven-
oried uccording (o sirict requiremcTis.
The findings along with growth e
sssumpiions were used to determing
existing cover and plant species diver-
sty as well as density and current
woody plant species praduction.
These findings establish wchnical
standards for reclamation success. The
mune operator must post a bond suf-
ficignl lo cover rcclamation costs
based on the technical standards. The

£3.]. Helm

bond is returned 1o the operator il the
revegetation meels permit standards af
the end of the 10-vear bond-release
period. ¢{5ez Helm 1991 for an over-
view of vegetation sampling and reveg-
elalion requirements for coal rnines )

Scientific Background

Producing moose browse in the
MyMR hos its own chalienges bevond
those pormully associated warh re-
claiming mined lands. The wl grass
blugjoint (Calamagrosts eanadensisy
competes with browse and timber re-
generation after logging and similar
disturbances, The exient of blucjoint
competition with moose browse on
MVMER was unknown, Bluejgint is both
a problem and o solution. |t may sup-
press more destrable plant species, but
its vigorous regencraton [rom rhi-
zomes can be g mjor belp in siabi-
lizing soil.

Soils characteristios important {or

Research Assistant Professor of Vegetation [eology

mincd land reclamation include
chemical, physical, and biological
properties. Most of the soils in the
proposed mine area have pH values
below 5.5, Balsam: poplar (Populns
halsamiferey and feltical’ willow {Safix
alavensisy gencrally colonmze flood-
plain soils with pH values greater
than 7. It was unknown if these spe-
cies copld survive on low pH soils,
This was particularly important since
these species were cxpected o pro-
duce the most browse.

Addittonal setl characteristics in-
clude biotogical components such as
propagiic iseed and rhizome} banks
and microorganisims, cluding myeor
rhizal fungi. Plants cslablished from
propagule banks may mmprove the di-
versity of the plant communitics.
Howevur, regencration ol bluejoint
from rhizomes may abso compete wath
desired specics.

Mycorrhizae (Greek for “fungus
rools”y are positive relationships be-

Figure . Many shrubs and some birch prees ave overbrowsed in the Wiskbaone
Hill area. These shrubs are heavily hedyed and have some dead stems.
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tween certain fungi and plant roots.
The Tangus helps the plant rake up
sl pulrients and moisture. In ox-
change the fungus receives carbon
subsirate tonergy) from the plant,
Mycorrhizie are usually needed tor
norsmul growth of most plant specics
in the fickd, but species vary in thoir
dependence. The dependence of
browse species on mycorrbizac und
the  presence  of  mycorrhizal
prepagules in the soil or i the air
was unknown.

The study xite is about cight
miltes north of Palmer in the
Matanuska Valley, Old growth paper
birch (Betida paprvriferal-whiic spruce
(Picea glauea) Torests dominale the
arcia. Relafively little brawse is civ-
rently available. Lsisting shrabs are
heavily hedged and some contain
dend stems (Figare ). Birch irees are
se overhbrowsed that they have a
stirub growth formy up e 18 years old.
When the uppermost leader grows out
of the moose™s reach, the lree van de-
yelop a normal growth fonm. Devel-
opment of  carly  successional
vegelation iypes with moose browse
i~ needed o diversify the area’s wveg-
clation and the available browse,

Experimental Design

The browse regeneration study
was designed to determine:
1h survival and growth of different
woody planl species;

3]

approprivie ~oils Jor different

wirody plaot species; and

3y focal plant species thal would
volonize and muintain themselves
aver time.

A 4 x 7 randomized bloek design
waus eslablisbed with four soils and
seven woekdy species. Tharty individu-
abs of cach species were planted on
cach sotl. On upland meadow woils ao
alder (Al rermfoiiay of Bebb wil-
loww (8ediv bebbianay were planted.

The four sails were scleeted
buscd on existing vepelation and pH
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and inchuded soils fron:

1y papuv hirch-white spruce Forests;
23 upland mwadows (blucjointy;

3 lowland meadows; and

4y overhurden,

Vepgetahion type wus important
since exlsling plant species control
and are affected by many of ibe bio-
logical properties of soils, Soils arder
burch-spruve vegetation were oxpecied
i contain mycorrhizal fungi for bath
birch and spruce. The lowland
meadow s a diverse community with
scattered white spruce, Bebb willow,
numerous forbs, and several grass
species, including blugjoint. Bluejoint
and firewecd {Eptiobinm
angastifolinmy dommate the upland
meadow type. These compele with
woody rtegencration and seeded
grasses, Soils from this community
were noi expected 1o contun
cotomycorrhizal propagules lor the
woody plants, unless propagules were
dispersed by the wind. The control
plob was overburden, presumably with
little or no bielogical activity,
Overburden 15 the malerial bencuth
the developud scil hortzons, but above
or between layers of the coal.

e

Birch-spruce and upland meadow
plots are lecated on Talkeetna silt
loam. Lowland meadow plots are lo-
cated on a complex of Lucile and
Chulitna Variunt soil serics. These
three lopsoils had low availuble nilro-
gen {8 ppmi phosphorus {3 10 9
ppm), and potssion (41 10 36 ppmi
and low pH values (3.3 w0 3.5 The
overburden plot is adjacent o the
lowlangd meadow plots. Topsoil was
remioved [rom il The overburden ph
wits whout 5.6, slightly preater than
the soils, but muek lower than
pre-mining invenlories indicated.
Oxerburden piots were more typical
of the contact zone between
overburden and top soit rather than
true overhurden.

The seven planl specics used in
these trials were sclecied baswed on
vase of propagalion. sustability for
moeose habitat, and presence i Lthe
preqnining vegewtion, Species ased
wore halsam poplar, Jelteat willow,
Barclay willow (Safiy harclavi). Bebb
willowy | alder (Al renpafolion, paper
birch. and white spruce. Balsan pop-
lar readily colonizes receatly distusbed
areds, is browsed by moose, and can
have two forms o mycorrhizae.

Figure 2. Topsoil had beon completely removed from the plots. s spread back,
an the plots within one day, Tiis simulaied disturbcice similae to mining, bui
does not take offects of stockpiling into aceomn.



Feltleaf wiliow is similar to poplar in
its ability to produce adventitions
roods and moose browse, Moose love
felileaf wiliow. Barclay willow propa
gates aklmost as casily as poplar and
feltleaf willow and s found on lower
pH soils. Bebb wiliow grows natu-
ralty on low pH soils in the area but
is more difficult (o propagate. Bebb
aned Barclay willows are usually found
i uptand sites while feldeaf willow
uswally grows on foodplains. Paper
birch was seleeted because s sheer
abundance makes if a major browse
species in the Wishbone Hill arca.
Alder can have tweo forms of mycor-
shizac as well as mirogen-fixing bac-
teria. Alder litfer decomposition could
release mtrogen into the sotl, which is
weeded 1o achieve a sel-sustaining
piant communify. While spruce pro-
vides thermal cover for wildiife and
is dependent on eclomycorthizae, an
externat Torm of mycorrhizie, for
growth,

Methods and Materials

Dormamt poplar and willow spe-
cies cuttings weri collected from lo-
cal plants in April 1989 and rooted 1
a sand bed wt the Palmer Reseurch
Center during May and June. Alder
{two months old), paper birch (one
and (wo years old but simifar size),
and while spruce (one vear old) seed-
lings were obiained from Alaska Dh-
vision of Forestry's Eagle River
Nurscry,

In carfy June, study locations
were chosen in the selecied yegetation
communities, Trees were cleared. All
topseil was stripped and temporarily
stockpiled {less than one day) beside
the clearing o simulate a mining dis-
twrbance. Top soil was spread evenly
over euch site except the overburden
conrol plot. which was adjacent ©
the lowland meadow site (Figure 2).
Most plots were disked to loosen the
soil. In Jast June, cight-Foot high fenc-
g was erecled around all but the
apland mcadow (bluejoinl) plofs to
protect the plots from moose. Sced-

lings and cullings were planted and
measured between June 26 and July
7, 1989 (Figure 3). Plants received
about 230 mi {1 cup) of water to en-
sure good root-soil cenlact when they
were planted.

Plant growih monitoring inciuded
measurements at planting Hime and at
the beginning and end of each grow-
ing season {1949-1991). Meuasure-
ments included plant height, crown
lengih and width, basal diameter, twig
length, and twig diameter. The num-
her of twigs on gach plant was
counted, and the vizor of cach plant
was estimated. Cover by plant species
in cach plot was also recorded ol 30)
puints within each plat. Al species in
ihe plot, whether sampled or not.
were recorded.

Snow cover wans observed at feast
twice during the winler 1o identify
depth variaons Trom wind that might
affeet plant growih, These obscrva-
tions were made alter spowfall or
windstorms 1o observe drifting pat-
lerns and snow depth. Ohservations of
plant development, mude in the
spring, indicated when plants broke
bud and actually initinted growth,
Roots of one plant per plot—ihree
plants per species per soil freatment——
were harvested For oxawination of
mycorrhizal development al the end
ol the second year

Results
Woaody Plant Growth

Feltleal willow, barchiy willow.
and balsam poplar were the tallest
plants when averaged across alb sites
at the cnd of vear two (1990} (Fig-
ure 4},

Barclay willow had a bushy
growth {orm which provides a wind-
break for deposition of seeds. organic
maierial, and snow, Alder and birch
had simular heights, Bebb willow was
the shortest of the willow family,
While spruce was the slowest grow-
ing plant species evaluated, Similar
panerns continued through year threc,

Figure 3. Balsam poplar cutting
shartly after plantiog on uplund
meadow soil during June 198G,

The upland meadow plos con-
tained the plants with the greatest
heights and iwig lengths when aver-
aged across plant species for all spo-
cies planied there (Figures 4, 5),
Poplar, Barcluy willow. and white
spruce prew in the upland meadow
soils (Figores 4, 55 Lowland meadow
soils were associated wilh the bagt
growth of feltleal willow, birch, and
alder. Bebb willow grew best on the
hrch-spruce soils.

The plant specics-soil combina-
tion that resulted in the tallest plants
was the felileal willow on the lowland
meadow soil. One plot contained ex-
ceptionally large plants ranging from
30/2 1t (109 ooy o five fL (153 em)
high when measured in late August
19940 {Figure 6). Same of these were
maore than 6 1/2 £ {2 m) tall in 1991,
This plot was under a deep winter
snow drift which insulated the plants
and mereased spring soil moisture,
Planis growing on the overburden
were smaller and less vigorous than
plants growing on any of the other
s0ils.

Snow was sufficiently deep dur-
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ing the 19%0-1990 and 1990-199]
winters & cover plants maost of the
time, although during early and lare
pares of the second winter plants were
available for browsing., Snow cover
protected plants in the apland
meadow from moose browsing in
these heavy snowfall vears (Figure 7.
However, during the second winter,
plants were large enough 1o provide
browse during the critical latc spring
period. Plants were sufficiently Targe
at the ond of year three thal they
were available for browsing through
early winter, Moose appeared 1o favor
Barclay willow.

Variauon in growth initdation mn
the spring is important for plant com-
petition. Birch family species {(paper
birch and aldery began growing ear-
icr than the willow family (balsam
poplar and willows: All transplantsd
woody species initiated growth before
local herbaccous celonizers attained
much height. Woody plans get full
sualight for several weeks before
bitugjoint rcaches near the woody
plants canopy height {(Figure 8). This
carly development contiitrited 0 good
plant growth on the upland meadow
plots. Many woudy plants were about
cverr with the wop of the blugjoint
canopy af the end of year threc,
Browsing during the 1991-1992 win-
ter will reduce some of the heighl
guan, but the woedy planls will still
have a head starl over the bluejoint i
the spring.

Native Plant Regeneration

Colonization by lacal species 15
important for species diversity and re-
establisbment of communitics. During
year two, 27 wentrfied nalive plam
species were recorded during sume
plisgg. Total vasculur vegetation cover
averaged 63% after 1wo years with
bBlucjoinl  {28%3, il fireweod
{Epilobium angistifplivny (13% ). and
honetails (Fguisetum spp) (1090) the
OS] common species. Vascular plants
include these with roots mnd shoots,
but do not incluede mosses and hoben.
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Reclaiming Lands —
A Balancing Act

R ECLATMING COAL-MINED LANDS
in the Matanuska Valley
Moose Range (mvmz) is a balanc-
ing act among several contlicting
gouls. Moose habitt regeneration
is reqguired by the mvmg land man-
agement plan. AIl Alaska coal
mines are subject to federal and
state Tequirements to produce di-
verse, self-reproducing plant voro-
munities within 1D vears after
mdning is completed to have their
bond released. Where there’s more
precipitation requircments st be
met in five years, This rocans that
a certain amount of cover must be
produced to stabilize the soit. A
number of plant species must be
present for diversily, and the veg-
efation must be capable of repro-
ducing withowt amendments such
as fertilizer. To achieve the cover
neaded, seeded prass species may
be used. Howsever, grasses provide
cover for voles that girdle tree

stems, Vigorous grass growth may

alsg interfere with woody plant
growth and with native coloniza-
tion. On the other hand, soine na-
tive species presest in “live”
topsoil may grow vigorously from
rhizomes. This regeneration helps
stabilize the soils but also come
petes with woody plants and colo-
gization by other native species. In
addition 1o these trade-offs among
different species. separate portions
of the reclaimed areas may require
different strategies for diverse
goals.

To address these issues, a
grass seed mix study was con-
ducted simulianeously with the
browse study. This study’s goals
wegre to identify prass species,
mixes, and seeding rates useful for
soil stabilization or low competi-
tion. Low compelition sirakegies
are heeded where nafive repenera-
tion, diversity, or moose hahitat
improvement is desired.

Soil stabilization should be the
primary emphasis on portions of
the project with steep siopes. Rec-
cinmended treattnents here might
include live topseil from an upland
meadow community with many vi-
able rhizomes of bluejoint. If this
soil I not available, the site could
be seeded with a mix developed
for erosion control, This may con-
sist of ‘Morcoast” Hering hairgrass
{Deschampria beringensisy,
*Nortrag” tufted hairgrass (0,
caespiiosa), and ‘Asctared’ red fes-
cue {Feastucg rubray in the Wish-
bone area. Other parts of the state
might use other grasses,

Where greater diversity is de-
sired, azdditiomal grass species
could be used with lower seeding
rates than of the three main spe-
cies, Lighter seeding rates of the
entire mix reduce seeded species
competition with native colonizg-
tion, bt should only be used in
areas where erosion potential is
low. Grass species that can be
used for diversity in the Wishbone
area include “Gruening’ alpine

bluegrass (Psa alpinum) and
‘Nugget' bluegrass (F. pratensis),
although rthe latter is considered an
introduced species rather than a
native species,

Gruening alpine bluegrass is
useful for special reclamation
poals. Its fow growth fonm will al-
most eliminate any competition
between it and woody planis.
However, it must either be seaded
at higher relative rates to survive
with other grass species, or it
should be seeded as a monoculture
near woody plants,

Fertilizer application incremsed
growth of both seeded species and
natural regeneration, However,
bluejoint regrowth improved more
tharr other matural regeneration.
Hence, fertilization to help seeded
graszes become established may
increase the comperition from less
desirable native species.

Revegetation research is a
challenging area of interdiscipli-
nary research that requires vegeta-
tion ecalogy, fowestry, agronomy,
and soils as well as other disci-
plines, Characteristics of numerous
plant species and environmertal
conditions myst be considered
when developing plant communi-
ties. Revegetation plans combine
characteristics of plant commiuni-
ties with subsirate and environ-
mental characteristics 1o form a
langdscape capable of meeting the
desired goals. [
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Figure 6. Large feltleaf willows grew
in ane of the lowland meadow piors
possibly hecause of a lurge snow dvift
and good soil moisture.

Flots on the birch-spruce soils
averaged 72% cover by vascular
planis with the same three dominant
species. Eleven plant species were
samplked on these plots, About 24% of
the birch-spruce plots area was bare.

Plots on the upland meadow soiis
had 87% vascular vegoiation cover
with blucjoint providing 63% vover.
Just 1% was bare ground. Eleven
plunt specics were also sumypled here.

The lowlund meadow plots con-
taimed 78%. vascular vegetation cover
with 8% bare pround. These plots
were the most diverse, Twenty plant
specics were recorded during sam-
pling in year two, Hight specics cov-
ered more than 3% of the ground
with tall fireweed (26%) and blogjoind
{12%) being the most abundant.

In contrast, the overburden plots
containcd only 3% cover hy vasou-
lar planr species and 82% bare

ground, Cover was substantially less
on the overburden plots than on any
af the local sobis

During the third vear minor spe-
cies cover was reduced. However,
other broadleaved forbs, such as cow
parsnip (Heracteun fanarani. shadod
some simaller woody plants, Blucjoin
competiion was particalarly intense m
some arcas and reduced cover of
some native cotonirers. Figure 9 illus-
trafes changes in cover over lime on
the upland meadow plots that were
dommated by bluejoiat. Individual
grass stems had almost no space be-
tween them in the deases) slands of
Hucjpint,

Mycorrhizue were well-developed
on roots of many planis. Sorme hirch
volunleer secdlings on the birch-
spruce »oil had root syslems com-
plewedy covored with ectomyeorrhizae.

Figare 7. Snow cover during the winter protects planis from cold and desiceation. It protecred the unfenced planis from

hrowsing duripg the first twe winters,
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Discussion

It has been established that
browse cvan be producced in three
years under existing environmental
conditions. Plants have ached sufti-
cient size that resubls of species inter-
actions can now be documented.
Canopies of adjacenl plants are start-
ing to touch and will become more
closed over time, This may affect
their growth, but more impostantly, i
nray shade bluejoiat underneath it

Perhaps shade toleramt native spe-
cics can colonize if the blueioint ex-
pansion is slowed, Woody plants start
growing before blucjoint in the spring.

These are preliminary findings,
Continued monitoring will be needed
to lcarn the long-term resulls on
achieving moose browse and diverse,
setl-reproducing plant communities,

All  soits, other than  the
overburden, produced good plant
growth. However, significantly beiter
growlh was achicved on some sonls,
Uplund meadow soils had the best
prowth when averaged across species.

Taller woody plants were usually
asspeiated with more ground cover,
Based on feel of the soils and visual
observations, soil moistare under this
groundl cover uppeared preater than
sofls in open arcas, Planis were (aller
mn places where a moisture gradient
was known to exist becawse of stand-
ing water during breakup. Mycorrhi-
zal colonization does not appear o b
related to resalts (o date, possibly be-
cause cctomycorrhizal propagules are
eosily dispersed onto plots surrounded
by mative vegetation. Also the mois-
tyre relations secm o have over-
whelmed any mycorrhizal effects,

The plant seed and rhizome
binks 10 the soil provide a source for
extensive natural colonization. This
increases cover and diversity, How-
ever, ander aciual mining conditions,
sotls may be stockpiled for six years
or more rather than the one day of
the stzly, This will reduce the bio-
logical componenis viability.

Poplar, willow, and birch plants

were large enough
and! heualthy eneugh
ko bo above the
Bluejoint at the end
of year one and
nearly  the same
height at the end of
years two and three.
These plants iadtiated
growth earlier than
bluejoint  i1n  the
spring. Since
buejoint dies back o
ground level cach
yveuwr, woody plants
have several woeeks
without significant
blueioinl competition
cuch spring (Figure
8. Longer-term
monmitoring will
evialuate  whether
shade-tolerant native
plants could colomze
i the Dbluejoint
growih can be sup-
pressed by cunopy
closure of planted
woady specics.
Crowding from
bluejoint forced the
planis 0 grow {alier
with more narrow
CTOWNS.

Colonization by
many specics incrcases diversity.
Dominance by a few speaies, such as
Blucioint and Tireweed, can suppress
nod only woody regeneration but colo-
aization by olher desirable native spe-
cies, Henge, the use of seeded prasses
o control blugjoint may not signifi-
canlly reduce diversity since bluejoint
may out compete other native coloniz-
cis.

However, Bluejoint may be used
to improve soll stability so 1t is de-
sirable to help establish some plant
communities. In particelar, in some
cases, Hve topsoil may be used in the
mine’s later years when some areas
arc being stripped while others are be-
ing reclaimed. Where steep slopes are
involved, soils from areas with

Figure 8, Woody plants hod begun expanding lvaves
while Bluejoint was i{nitiaiing growth. For the first
several weeks or lomger of each growing peviod. the
wouody plants are much raller thun the hbisejoinr, thus
reducing the gmouni of compedition from bluejeini.

bluejoint cover could bhe used 1o pro-
mate early ground cover o provent
Brasion,

These studies have produced use-
ful informasion for the Wishbore Hill
Coat Project, The scicnnfic back-
ground and results are being shared
with other coal mincs in the area, the
Alaska Mmers Association, and staie
agencies. The study has produeced
valuable iaformation {or short-term
reclamation planning. The plots are
now beginning 10 provide longer-term
information on species succession an
disturbed sites. Private industry. state
organizations. and the university
worked together to find prachical an-
swers fo a weal Alaskan resource man-
agement problem, U
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Geographic Information Systems (GIS)

GEOGRAPHIC  INFORMATION
sYSTEM (GIS) is & computer-
based informalion system
designed 1o work with dsta referenced
by spanal or geographic coordinales.
A GIS may also include nonspatially
referenced data.  GIS programs are
commonly used in decision making
{for managing the use of land, natural
resoaces, transportalion, retailing, cle.
The primary connection among all the
clements of the system iy their geog-
raphy—their locanon, proximity to
each other, or spatial distribution
across the tamdscape, Within this con-
iext a GIS cun be viewed as a sys-
temr of compuier hardware, soltware
and procedures designed to bring all
the elements together. This facilitawes
inpul, management, manipulaton,
analysis, modeling and display ol spa-
siallv-relcrenced data. Using the com-
puter lets managers and others salve
complex planping and managoment
probients involving land resources.
This spring, the School of Agri-
culture and Land Resources Manage-
ment and the Agriculture and Forestry
Experiment Station inaugurated a
tcaching and research program based
on GIS technolegy, A (wo-course sc-
quence introduces undergraduates to
GIS iechnology. Bolh courses include
¢ laboralory section o give studenis
i thorough understanding of the capa-
bitities and potential pitfalls of GIS
technology. The National Science
Fourdation awarded three supplemicn-
wl equipment grants through the Long
Term Ecological Research program, o
help SALRM acquire ihe necessary
compuier hardware and sofiware for
lammdscape level analysis of important
ceologicat Tactors i the Alaskan bo-
real (orest.
One of the most tmc-consuming
and expensive tasks in implomenting

john A, Yarie

Assuciale Professor of Silviculture

a I8 is the data-scquisttion phase.
Within Alaska a nomber of data sets
already exest. Other agencies wod gov-
ernmenial entitics developed these sets
for specific management problems.
For example. the Department of Nutu-
rul Resources, Division of Forestry
complicd a vegetation inveniory lor
ilie Tanana Valley Stare Furest. Soils,
stream networks, and other informa-
tion has heen added (o this databuse,
The USFS, Tongass National Forest
complied a comprehensive data set on
the Tonguss Foresl to help m devel-
oping the current forest managemenl
plan. The Department of Natural Re-
sources has an extensive database
dealing with the Exxon Valdes oil

spill, and the North Slope Borongh
fuas data that il uses (o manage its
lands related to oil Industry develop-
ment,

SALRM and AFES place a high
priorily on development of both
reaching and research programs that
use the GIS technology. Undererada-
#leys in resource management are al a
distinet disadvantuge in loday’s joh
market without some kaowledge of
the capabilities and uiliy of (IS,
Resource management is o landscape
activity and as such s enhanced
greatly by the analysis ol resouice
problems with that landscape as an
integral part of Lhe problem-solving
process, o

Gardeon Worum aiud Don farvinen examine duta with GIS compuier systen.
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Models for Management :

ODELS REPRESENT SOMIZTHING

clse. Almosl every day, wo

uve models o help us. A
map is o modei of the landscupe. A
watch is o mode! of earth-sun rela-
tions. A checkhook serves as a model
o our fipencial transactions. We use
these and other models o explain,
understand. describe, manage or pre-
dict.

Yes, just like the Shakespeurean
character surprised 1o discover he had
been speaking “prose” all Ws Hfe, we
have been using models all of our
lives,

In wcience, we use specialized
models 1o find answers 10 gquestions
of all sorts, In natural resources—sas
in almost all sciennfic felds—we rely
heavily on Lhe mathematical model in
our research. Programomed and imple-
mented on a2 computer. the malb-
ematical  model  mproves  uur
understanding and management of
wlural resouree systems,

Nutural resource managers and
scientists use the maodels (o organize
and commiunicate informalion as well
as 10 entily areas of research most
relevant o solving specific problems,
I prefer 1o start with o general model
ol the situation, and then, through
progressive refinement, idenufy an
areg of high sensitivity and high un-
certainty that needs further work. An
artist tukes much the same approach.
The artisi skelches the whale scene
firsi, then progressively refines the
speeifics, sub-area by snb-area across
the canvas.

Models also heip reseaschers give
maore meaningful advice 1 munagers.
For exumple. 1 may start wilh a
manager’'s general guestion of “what
will be the cffect of iimber harvest on
stream flow?” Typically. the univer-

50 Agroboreafis

Megabytes for Insights

jobn D, Fox
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sity scientist’s response i, “it abl de-
pends!™ At this point the manager
may shuffie away mumbling some-
thing ahout “tvory towens!™ The sci-
entist may shuffle off in the opposiic
direction mumbling “it"s not that
stmple”™ or “no one has measured Lhat
v Alaska.” Wilth the appropriate
maxdel, however, the multitude of spe-
cilic conditions related o geomor-
phology. soils. climate (and weather),
and vegetation can be considercd i a
rationa] way. At feast insight o the
prodde can be obtained and comumu-
nicated.

In order o build weh 2 model
(or paint a piclure) considerable eflornt
must be spert looking at a variety of
sub-questions or sub-models ust as
an artist works on small intricaie de-
tatls of a painting). Sometimes the
detat) required may seem unrelated o
the original manzgement guestion.
However, pust as atiention fo detail
contribuies to the overall guaiity of a
painting. the overall rehiability of a
midel is increased by subtle refine-

mens of suh-models. By working
through 2 hicrarchical modeling
framework, the relevance of the de-
tiled work o the onginal question 15
mercased. Figure | shows a hierarchy
al questions. Work on this particaiar
branch of Lthe mode! quantilicd a seu-
soml variation i the abilily of cloud-
less skics Lo transmit solar energy.
Such wformation directly fecds back
intn o sub-moide] of solar mput fo the
landscape. Hocan also be wsed in other
models 10 answer guestions on secd-
fing survival, pholosynthesis. saow
mell, sotl thawing, solar heating de-
sigi, ele.

Adter cstablishing an appropriate
level of detail in 1he overadl model.
“what il type questions can he asked,
For example, | recently combined
models of sod water flow and storage
with models of ~oil frecsing and
diawing o senplae the effects of fro-
sen soils on vegetation - -stream [low
relations. Through the wwe ol this
mode! 've gained insight mto the ef-
fects forest harvest or climate change

Modeling: Pathway to Insight
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What is the effect of forest
removal on streamflow 7

What is the effect of forest

removal on snowmelt rates ?

What is the total energy
available to melt snow 7

What is the solar energy
available to melt snow ?

How much solar energy
can the sky trangmit 7

How much solar energy can

a cloudless sky fransmit ?
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Figure §. Hierarchy of guestions feading ko a specific research projeci with answery
Howing buck fo original guestion.

would have on spring runoff and
freeze-thaw depths. The model is
speculative withoul field veritication.
hul we cannol have a separate field
expermient for every possible combi-
nation of latitude, shope, aspect, gleva-
tion, soil, and vegetation. Jiven if we
could perform such a wide variety of
ficld tests, results would be strongly
influenced by thal particular vear’s
wenther. Field experiments in natural
FESOUICS SYSIOMs 318 eXponsive, polen-
tally dangerous, and not always sub-
fect 1o the degree of "contyol™ needed
for clear, unambiglious resulis,

However, with & mathematical
representation of the system, we gain
insight by artificially holding certain
condiions constant. This way we can
design and implement the “whay 27
expenment. Using models Lo perlom
sensilivily 1osts, in hypothedcal yet
entircly possible circumstances. aliows
the range of possible responses o be
mvestigated. In this way. nol only do
researchers pive more relevant re-
sponses 1o managers, bul managers
formylate more refovant questions;
questionsy not ahoul what will happen,
but vather aboul the probabilitios of
what might happen. Both researcher
and manusger benefil [vem insighis
aaincd through mathematical mwodel-
g when i is used in conjunction
with common sense and data collec-
tion. Jd

When managing resonsees nnder
eavironmenial rules,

We ninst nor beconte financial
frrerls.

Lise high, av well qs. fow lech
ererfs,

GIS aud Moedels in addition n
mules !
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On the Meridian of Friendship —

Soviet and American Scientists

“ In THE MIDDLE OF JUNE ARD
in the beginning of July
| 1989], representaiives of
the University of Alaska Fairhanks,
USA, visited the Buryai Scientilic Re-
search Institute {BurSRI} of Agricul-
wre. SB VASKhNIL,  We asked the
scientific seerctary of the BurSRI O,
Zh. Garmuaev—who iy in charge of
the Institnie’s involvement with for
cign instifutions—ic report on the vis-
s and the prospects of cooperation
helween Buryatian and American sci-
entiss.

Editor’s Neote: This above ariicle ap-
peared n the weekly news sheet dis-
fribated in Ulan Ude, Burig!

Republic, Siheria. University of

Alasha Fairbanks graduaie siwdent
dohn Stinson transiated the original
inte fuglish while teaving the origi-

nil meaningys intact. Although some of

the Ulacts” abowt Alaska are icor
rect, tey were left as Gurmaey wrore
them.

f

Agroborealis

d ¥

O. Garmaey

Americans in lvolga

What did the scientists from
Alaska see here?

“Since growing cenditions in
Alaska are similar in a ot of ways
with those of Siberia, an agreement
on scieatific and wohnical cooperation
was conciuded herween the University
of Alaska Fairbanks and the Siberian
Branch of VASKhNIL., By the way,
the umiversity is known Just as that—
the University of Alaska Fairbagks-—
singe s in thal 49th and larges| of
the USA’'s states.  There are two
more universilics.

“The firsl delegation was made
op of specialists in cropping systems,
agrochemistry and soil science. la
the st part of July we had the ad-
ministrators of the University visig us:
Chancellor Patrick 1. Q'Rourke, Di-
rector of the Agricubtural and Forestry
Experiment Station James Drew, and

economics professor Wayne Thomas.
John Stinson accompanied thems as
their wanslalor,

“The routes we took hoth delega-
tions on were practicilly the same: &
meeting with the employees of the
Burvar 8RI, & viewing of our field
experiments, getfing acquamted with
crop and livesteck produciion on the
experimental production fams, a Lrip
o the Severchatkalsk Region, While
in the BAM Zone [along the Baikal-
Amur-Mainline of the Trans-Siherian
Railread], the agronomists visited
Kumors and saw the cxperiments of
the Siberian SRI of chemical use and
cropping systems; the sccond group
visiied Kazachinsk-Lensk, where a
station of the Drkutsk SRI of agricul-
ture is Jocated.

“In our insutute’s test fields, as
well as in the BAM Zone, the Ameri-
cans showed great interest toward ap-
plied crop relation. tillage and
ferulizer syslems, and research metls-
odology.  Increasing soif fertility and
protecting sol from crosion eapecially
interested them.

“Extraordinary inierest wus £x-
pressed in our land clearing mcthods
and technology and subsequent con-
version into crepland. UAF is en-
gaged in scientific studics o soivice
the Delta region which, by its location
{i.e. absence of reliable transportation)
and environmenlul conditions, s & lol
like our northers Transhaikal.

TAmvwering questions that inter
ested our guesis were our Jeading spe-
cialisis - BV, Bokhicv, B.L
Krivogornitsyn, F. Ya., Dudnikova,
AP, Batudacy, Yu. M. Nagzaev, Ts.
B Twyrendorzbiev, and others.  The
trip for the American cniversity’s ad-



ministrators in the Severobatkulsk Re-
gion was ted by our Inshtute’s direc-
or. B.L Nikolaev,

“OF course, we had our own furn
(0 probe a little about Ibe achicve-
ments othe agravian science of the
American north. it short, our gzuests
related the following:

“The matn grain crops in Aluska
are cats and barley.  Wheal is culti-
valed in Bmited guankity hecause con-
diriens are wo severe.  Thix, in my
opinion. is smal, Io Buryatia, a4 vone
of high-risk agriculture, with all its
livestock specialization i also would
e prudent 1o not produce commaod-
ity grain 1o sell in regions oulbside
Buryatin; what should be done is to
sharply increase the veolume of oats
and burley and orient wheat only lor
leed use.

“Barley yields o Alaska range
around 30-35 cfha [55-65 bufacrel
RBarley is considered valuable feed ool
just for cattle but alse for . . . dogs!
It seems the highly nutritious and
fight leed made from basley s in big
demand in Alaska and is actively
sought aller in other countries where
dogs are used for fransportation or
spert racing.  Every year in Alaska
there are Olympic games {or the
stide’s Natives—Eskimos, Indians and
Alcutg—and an obligatary clement of
these games is sled dog racing.

“The most widely distributed of
the herbaceous crops are rape and
bramoegrass.  Potatoes are cultivated,
Scientists have developed somne ruther
cold-resistant potato variciies,

“Corn cultivation under mulch is
being studied.  Strawberries are grown
ander plastic,  1's alse profirable
there to grow flowers, and hi-tech
[fower cultivation is operating
throughout the stale.

“The university s also digping
into how to develop livestock farm-
ing. There’s only one meat plant m
Aluska, and its located 120 km |75
miles] from tho stale’s largest oy,
Anchorage.  17s curious thal in
Alaxka they raise beel catile only up
1 430 kg [948 pounds| live weight

because fatty mect is nol in demand.

“F accompanicd the Tiest group
around the Severbatkalsk region. On
the state Tarm, Tyiskii, the supervisor
of the dairy herd commented with an
element of pride that with milk yields
of 300 kg {6834 pounds] per cow
Jwhen averaged over both milking
and dry cows| his farm was holding
first place mn the region. He was 2
bit chagriaed when he learned that the
average yields in Alaska reach 7000
kg (15,432 pounds] per milking cow.
They use black and white Holsicins
which receive silage und hay year-
round. Up 1y 25 gercent of the cows’
ration is pade up of concentrates,
Hay is virtually not used. The cows
are ol even Laken oul L0 pasture.

“The meat supply in Alasky is
regularly supplemented with buffalo
meal.  In the western region, reimdeer
farniing bas been developed,

“Soya {lour sovbean meal| is
used in significant quantities for feed:
Fish meal is sometimes partially sub-
stituted {for the sovbean mead], One
fact is interesting:  Amenicans pro-
fer to consume milk with Jow fat con-
tent, Fhis, as with lean meat, has its
own reasoning;  there are far fewer
full-figured” peeple in the USA than
i the USSR,

“That's basically how we gor we-
guanted with them and came @ un-
derstand their viewpoints,  The
Amercans were inlrigued by our
spring barley varicties, in particular
with @ variely thal has just this year
been put oul info production, "Vitim',
And we, in turn, have things we can
learn from the Alaskans™ scientists,
For example. they showad us slides of
an original way 0 make silage, 3t was
really ireresting [or us.

“Along with the likely, mutually-
heneficial scientific and technical co-
operation belween the Usniversty of
Alaska Fairbanks and the Buryat SRI
al Agricullure, however, our meeting,
were ol less imporlant it you look al
them as a way 10 gol to know ong
another. 1. for example. was with the
Americuns only live days, thiee of

which we spent together in & aice ho-
tel, the Severnyi Balkal near the ity
ol Severcbuaikalsk. The feeling was
such that | bad known these people
for a vory fong time. In essence they
are the same people as our aational
comrades.  They're alse  genuinely
interested in peace for our planet, in
keeping our Eanth clean. and in pre-
serving her gom, Lake Baikal. They
love praciically the same feods that
we do, except that they preler coflee
o tea, without sugar {0 bool,

“They wre humble, sociuble, they
tangh infectivasty.  Fruc, | wasn't
lucky: in the first group there were 1o
chess players, Al least the secund
group accepled the challenge from our
dircctar, B.1. Nikolaev, and one of ihe
stall from the department of Feed pro-
duction working it thu BAM Zonc.
A3, Buinkhanov. And history’s first-
ever chess malch betwueen Americans
and Buryals wenit i the latter’s favor,

“The Americun gucsls werc
deeply improssed by the Ethnographic
ared Natural Museurms. They came (o
know Ulsr-Dde and Severohaikalsk,
There they visited the BAM Hislori-
cal Museun, And they had the op-
portunity 1o take a dip in the Khakusy
hot springs,

“The American scientisly also vis-
ited the ivoiginsk Datsan—the
USSRE"s Ruddhist center. There they
had 1he chance W get avquainied with
the decor of the mmn monastery and
the exhibitions in the museum, where
untigue objects of the past wre col-
lected.  E. Tsybikzhapov, of the cen-
ter, described (o them i detail about
the Buddhist religion and what Bud-
dbism has comtributed 1o strengthen-
ing fricadship and cooperation
between nations. He also haaded the
suests some traditional Lraduy | white
silk searves? and some brochuares
aboul the Patsan in English. I would
seem that this s one more gesture of
goodwill frow the Soviel people, one
more brick in the foundation of a
building bearing the sign
NEW TIHNKING.
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Alaska Grown —

Implementation of a Positive Agricultural Policy

Ruthann B. Swanson, Carol E. Lewis and Frank G. Miglke

LASKAN AGRICULTURAL

development has followed

the increased demand for
food during boom periods (Pearson
ared Lewis, 19823 Throughout the ter-
vitorial era and inle statehood, agricul-
tural lands have been considered an
important vesource (Lewis, Peuarsen
and Thomas, 1987). However no
policy encouraging agricultural devel-
opment was adopted uwntil 1976
{Resolution 77).  Generally, like the
federal policies that date from 1939 10
1989, the stale division of agriculture
has been production onented.  Spe-
cific directives mmplementing policy
have ranged from toially absent to
very specific.

Within the Alaska State Division
of Agriculture, the current six policy
directives, emphasize & cooperalive
relationship with producers. Five ad-
dress capitalization in the industry.
The sixth addresses marketing and
CORSUMEr Concerns:

Look to rhe marketplace — don't
produce what vou can't sell,
Grow crops thar sult Alaska’s olf-
miarte and Algskans wanl 1o buy.

This directive aims to increase
the markes share held by Alaskan
products. 1t seeks o substitute Jocally
mroduced for imported products and
establishes the criteria ro identify
yuality characteristics of Alaskan
prodacts. The strategy implementing
the dircctive s the Alasky Grown
Program. The Aflaska Grown Pro-
gram works. A recently completed
sarvey of 400 urban Alaskan consun-
ers documents s success. Meihodol-
ony oullined by Dillman (1978) was
used. Response rate was 93 percent.

Demaographic characteristics of
the survey population arc suwinmarized
in Tablc 1. Among the respondents,

54 Agroborealis

73 percent were the primary food
preparer as well as the primary food
purchaser. Sixty-five percent of the
primary foad preparers were em-
pluyed owside the home for 240 or
more hours per week. (Swanson and
Lewis, 1991), When compared o
residents of the contiguous 48 stales,
Aluskans tend 1o be younger and bel-
ter educated, have higher incomes and
have sglightly larger households
{Hurter & West, nd ),

The Alaska Grown Program

In affluent western countries,
many similar producis. both local and
imported, compote for markel share.
To secure and maintain market share,
products must 13l a need oy desire.
Urban Alaskan consumers are dissat-
isfied with the guality of produce
avatiable {Swanson and Lowis, 1991).
They want high guality produce.
Specific quality characteris-
tics of fresh and pro-
cessed products
produced in-sfate
must be met o
gualify for ihe
Alaska  Grown
jogo (Figure 1)
Quality al-
tributes of fresh
produce include
appearance,
condition and
other factors that
infTuence ecaling
guality. As a re-
sult, 71 pervent of
the wrban Alaskan pri-
mary food purchasers sur-
veyed, ook for the Aluska
Grown logo. These consumers
were nol distinguishable by income,
education level, household size or sex,

according to Chi-square analysis. Re-
spondents whe shopped primarily at
an Alaskan supermarket chain werg
ne more likely than those who
shopped at 2 nationz] chain to ook
for AMaska Grown products. Thix in-
dicates that shoppers from abl seg-
ments of the population took [or and
buy Alaska Grown idensificd produce,

The colorful, unique and easy 10
wentily Afaska Grown logo was fiest
wsed in 1984, It has become a fre-
guent sight in advertiscments, retail
msrkets ungd food shows around the
stale. Point-of-purchase posters and
stickers on many commaodities help
consumers idenitly these Alaskan pro-
duced products and add visthility and
success to the program.

Producer participation in the
Alaske Grows program has steadily
increased {(Figuse 23 The  individual

Figure 1. The Altaska Grown logo,



Characteristic

Gender
Male
Female

Age range
18— 24
25 — 34
35— 44
45 e 3
35 - 65

65 and above
Education level (highest level completed)
Less than high school
High school graduate
Some college or formal training
hevond high school
College graduate
Guaduate school
Number of people in honsehold
One
Two
Three
Four
Five or six
Scven or more
Income
Vnder $8,900
$2.001 — $29,999
$30,000 — 49,999
Over $50,006

Note. Figures are gxpressed as percentages ol the towal number of respondents.

3R
230
150

1.8
285
22.3
213
14.3

33

29
158.5
332
484

Fable 1. Survey sample demuographic characteristics.

Number of Producers

b lehy

60

4

20

1986 - 1887 1888 1989

New authorizatons

1990

1931

M Previously authorized users

Figure 2. Number of producers using the Alaskan Grown logo.

farmer—who may be a small pro-
ducer—gains the market viability as-
socialed with this shared logo. In
effect. Alaskan consumcrs perceive
this loge as a brand name. Brand
name. a typical indicater of the im-
portance of guality, s becoming in-
creasingly  important oa  fresh
products.

Positive consumer and producer
response to the Alaske Grown pro-
pram indicates the poterial Tor an on-
going, vooperative stratepy, especiully
one that addresses consumer concerns
and provides farmers with an oppot-
tunity for market entry.
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Ping and Sharratt Monitor Wetlands

Dr, Chien-Lu Ping. associate pro-
fessor of agronemy, received a
525 000-a-year award for 19911993
ro study the criteria of wct soil clas-
sification by Alaska,

The USDA Soil Conservation
Service and U8, Army Walerways
Experiment Station are funding Ping’s
work, The study will establish
buaseline daga for redox potential, wa-
ter polential and temperature of sea-
senally frozen permufrosl soils and
the dopth and peried of soit saturz-
tion, Phese data are expected o pro-
vide informaiion on;

1. growing seuson and hydric soil
criterin iy the National Wetand
Munual for the Alaska region:

2. redoximorphic features and aguic
vconditions for soil classification
and interpretation; and

3. effect of land use management on
soil tomperatare and soil moisture
regimes.,

Dr. Breston Sharratt ol the

USDA Subarctic Agricullure Research
Unit in Alaska will cooperate with
Ping. Sharratt has studied the eifects
of land use managemenl on the sure
face  cnergy  balance,  Micro-
melerological parameters of o [oresl
and cropland sife are compared at two
locations in interior Alaska.

The study wall monitor soil prop-
erties at FL sites. Five sites are in the
Muianuska Valley—three i Palmer
and two at Poinl MacKenzie—where
soils have scasonal frost. Theee sites
arc near Delta Junction. One site has
artesian hydrology. The ather two
Dehia sites are similar; they represent
a thawed {cleared of foresty and a
permancoily frozen (foresty phase ol
the same soil (ype. In Fairbanks, a
paired <ite consists of pormatrost seil
and it thawed counterpart oo the uni-
versily experiment farm. The third
Fairbanks site is pennalrost sotl near
Smiih Like,

Mouitoring cguipment installed
on the permafrost soils inchude tine-

domatn reflectomcetry (TDR) probes
and neutron probe access tubes for
seil water content, pt' elecirodes for
redox polentials, air termperalure ther-
mogouple sensors {or air and soil
lemyperatures, relative humidily probe,
wind spred sensors, net oand global
radiometer. and soil heal flux frans-
ducers,

One soils with seasonal frost or
thawed penmafrost solls, moniloring
equipment nslalled ocludes thermo-
couple sensors Tor air and soil tem-
peralures, pt* electrodes for rodox
potentials, easiometer for soil water
poicntial (measured by tensiomcier],
and pievomcter for sal waler 1able
THEAMIFCITICIHS,

The informuaiion gathered will
contribuic o the classification, map-
ping and betfer wderpretation of per-
mafront and seasonal frost solls. and
10 estublish bhaseling duta of hydric
soils in Alaska, Hydric soil is one of
the three techmical criteria of wet-
landds, 14

First Circumpolar Agricultural Conference
September 28 — October 2, 1992

Rescarchers, producers and others
ierested in northern agriculiure widl
mwet Loy share information and ideas at
the Sustainable Agriculiure in a Cir-
cumpolar Exvironmenr  in White
horse, Yukon Territory, Septomber
28-Ckctober 2. This {iest vircumpolar
agricultural conference will concen-
trate on [our busic areas:

» Research,
» Production,
+ Policy Developiment, and

« Market Development,
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Ameng the specific topics on the
propram will be discussions of culli-
vation of permairost aftected soils,
equipmenl engineering and design,
conscrviation policy needs in eir-
cumpolar regions and marketing bar-
FiSls,

An international commitice Trom
throughout the circumpolar world—
Alaska, Canada, Finland, CGreenland,
lecland, Norway and Sweden—is Co-
ordinating the program, The conlor-
ence  is designed Lo foster
technology-sharing and information
transter of successful applications and
rescarch from throughout the Narth,

To register or for additional
information contact the Circumpolar
Agricultural Conference Headguariers,
143-302 Sticele St., Whitchorse,
Yukon, Canada YIA 205, )



Publications List for 1991

Abstracts
T

Arexaxner, BB CL Prg. R.C. Gira-
Han. and P Krosse, 1991, Padzol-

izalion and cementalion insails of

uiramalic errain in sourheasterm
Alaska. Agron. Abstracts. p 307,

Cavikiewrez, Ol LA Reveckrr and
M. Sosa. 1994, Blood conisol:
An indicaror of handling stress 10
reindeer (Rangifer rrandust on
the Seward Penirula, Alaska, In:
Proeeedings of the S6th North
American Wildlife and Natwral
Resaurces Conference, The Wild-
lite Management Institute. Wash-
ington, D.C

Cocuran, V.L. 1991, Effect of global
warning on straw decompasition
insubarcne soils. Agros. Abstracrs,
2610

Hiow, DL, and DE. Cartmg. 1996,
Use ol soil-borne mycorrzal m-
ceulum for abandoned mised land
reclamation in Alaska, In: Pro-
ceedings of the Forry-Firse Arciic
Science Conference, AAAS, Octo-
ber B-100. 1990, p.33

Heawm, D, and DUE Cagring, 1900,
Effectiveness of soii-horne inocu-
wm from different successional
stages on plant species growlh on

ming spoily in Aluska. In: Proc, of

the Fighth Noridy Amerivan Con-
ference an Myeorrliizae, Sept.
0. p. 148,

Kadetsson, MG and LT Hanscom 1991
Control of flower initiatien in
Primula vulgavs by temperature
and day length, HoreScience.
26(6):770.

Karisson MGoand LW, Wesnrr, 1991
Growth regulator effects in seed

propagated Begonia X
tuberhybrida.  HartScienee.

26¢6):085.

Krs, C.A 1991 The Commaons Game:
its Imstructional Value When Used
in a Natural Kesouwrces Manuge-
ment Context. In: Abstraces of de
fnrernational Couference on the
role of the Polar Regions in Glo-
Bl Change G, Weller, CL. Wil-
som, and B.ALB, Severinfeds) . p
470-474, Fairbanks, AK. June
19U,

Lemar, ROH. and BDE, Carune, 1991,
Charactenistization of isolates of
Waitea circingra collected from
Alaskan agriculoural soits, Plyvio-
pethology, YOR1 11242

Ping, C.L., G.J. MicHADLsoN, and R.L.
MaLcorw. 1991, Fractionation of
humanic substances [tom leachates
of 3 spodic horizons s southern
Alaska, Agron, Abstrucis, po 3K

Pina, €1 and G.F. Micnaeison, 1991,
Surface charge characteristics of
tephra-derived soils i sowhern
AlaskaAgron. Abstracts. p. 318,

P, CUL. 1991, Sail develomnent on
Harbor Mountain of Baranol [s-
fand, SE Alaska. In: Mesavcale
Meaodeling Cirenmpalar Clireate
Change. 42nd Arctic Scienee Con-
fercnce. Alaska Quatermnary Cen-
rer, Universiy of Alaska Muscum
Occasional Paper no. 4. Univer-
sity ef Alaska Fairbasks, p. 22,

Pina, C.L. 1991, Soil-geology mn the
Hoseanna/Lignite Valley Area.
Healy, Alaska, ln: Mesoscale Mod-

cling Circampolar Climeaie
Change. A2nd Avctic Science Con-
ference. Alaska Quaterary Cen-
fer. University of Alaska Museun
Ocecasiona) Paper no. 4. Univer-
sify of Alaska Fuirbanhks. p. 85,

Ruvuerer, LA and ClL Cuciksewics,
1991, Reindeor production on the
seward Peninsula, Alaska, Ins
Mesoscale Modeling Circumpotar
Climate Change. A2nd Arctic Sci-
ence Conferenee, Alaska Quuter-
mary Cender, Universdly of Alaska
Muscum Oceasional Paper no. 4.
Uniiversity of Alaska Fuirbanks. p.
R6-H7,

Searwow, BB, S. DL Spaguow, and V L.
Cocrran 1991 Nutrient eycting
in{orest and cleaved subircic seils.
Agren. Absirucis. p. 278,

Searrow, S.D., EB. Srakrow, and V. L.
Coctra~. 199 1. Decompoyition in
forest and cleared subarctic soils.
Agran. Absiracis. p. 278,

Wiemen, 8B, LA Cravey, CW,
Nrwwan, RS, Arsrromises, LA,
Frosera, B Haggorn, JLH Hiom,
FML sy, and BOAL Lswis, |99,
Cultivar wnd growing location of-
fects on compesition of bavley
sraith Agroncmy Absirassop 491

Vo Crovie, Koo Yarse, and B, Vanct.,
19403, Eftect of global climate
change on {orest productivity:
Contrel through forest [loor chem-
istry. in: frternationad Conference
vt the Role af the Polur Regians in
Clopaf Change, Fairbanks, Alaska,
fanc 1990,

Winosor, P.M KM, Raspaii, and
01 Brasnarnp, 1991 Effect of fish

Vol 24, No. 1, 1992 57



meal in dairy cow dieis on lacta-
tional performance and rumen me-
tabolism. /. Dairy Sci. 74 (Suppl.
12257,

Yawig, 1 oamd K. Van Coeve, 1990,
Changes in the sourcefsink rela-
tionships of the Alaskan boreal
forest as aresult of climatic warm-
g In: fmtrernationat Conference
anthe Role of the Polar Regions in
Glohal Change. Fairbanks, Alaska.
Tune 1990,

Books
P e

Reneckig, LA and R Hunson {eds.)
199, Wildlije Production: Con-
servation and Sustainable Devel-
aprient. University of Alaska.
Fairbunks. AFES/SALRM. Univer-
sity of Alaska Farbanks, 601 pp.
Misc, Pub. 91-6, $70 per copy. *

Chapters in Books
L

Kirrs, C.A. 1991, Advanced Concepls
inNatura Resources Managemant,
I Managing Our Naiural Re-
soarces. W.G, Camp and T.B.
Daugherty. Albany. NY. Delmar
Publishers,

Lav. LS 1991, Layout and Design. [n:
Journalismand Yearbook Produc-
ttort and Theory, L. Morgan, ed.
Department of Journalism and
Broadeasting. University of Alaska
Fairbanks. pp. 69-74.

Packew, EC, 1991 Tsuga heterophivila
{Ral.y Sarg. Western Hemlock. In:
Silkvics of North America. Vol L
Burns, R M., and B.H. Honkala,
tech. coords, Agric, Handbook 654.
US Farest Service, USDA, Wash-
ington, D.C, H13-622.

Rincexer, LAL 1991, Status of game
production ia Canada. In: Wildlife

38 Agroborealis

Production: Conservarion and
Sustainable Devefopment. LA,
Renccker and R.J. Hudson, eds.
University of Alaska Fairbanks. p.
R0,

Journal Articles
e R

Cocaran, V.L. 1991, Becomposilion of
barley straw in a subarctic soil in
the Ttelds. Bied. Fere Soifs 100227

232,
Conn, 180 and R.E. Duck. 1991,
Bhuejoint Reedgrass

(Cadameagrostis canadensis) Con-
trol with Glyphesale and Addi-
tives. Weed Technofogy, 5:521-
524,

Doring, S.M., N D'Craz-Mason, and
M.A. Tnosas-Compron. 1991, In-
beritance of expansion voluma and
yield in lwo popeorn x dent com
crosses. {rop Sci. 31715718,

Gurrrred, M. and BLE. Canlane, 1991,
Effcets of pfanl spacing on broe-
coli yield and hollow stems in
Aluska. Can. 1. Plant 5¢i, 71379
585,

Jupay, G.P. 1991, Intervicw with
Michael V. Finley. Superintendent,
Yosemite National Park, Notrae!
Areas fowrngf, 11(21:79-86.

Karsperskl, MLP.. WL Carison, and
M.G. Karisson. 1991, Growth and
development of Petunia x hybrida
as a function of temperature and
iracdiance. fowrnal of the Ameri-
can Society for Hordcultural Sei-
edce, 116:232-237.

Kartsson, MG, R.D. Hemws, J.O.
Gieraerick, and MLUE. Hackmann,
1994 Temperature driven leaf
unfolding rate in Hibiscus rosa-
sinensis, Seientia Harticulirae,
45:323-331.

Kiers, C.A., MA. Tumeo, and 1. Soig.
1991, The Commons Game: Its
Instrictional Valye When Usedin
a Natural Resources Manugemenf
Context, Simulation and Games!
An  iriernational  Jowrnal,
2M3%22-27.

Krepesaea L) and S.M. Dorisa, 1998,
Comparative Performance of
North European and North Ameri-
can Struins of Reed Canarygrass in
Alaska. Norwegian 1. of Agrical-
tirad Scienees, 4:373-387,

Lores~Cionsas UM, LD Sarier, and M.
Panctera, [991. Utilization of
ensiled cora crop residues by Hol-
steitherfers.f Dairy 8e 74:3160-
3166,

Marion, G.M., DS, Tvmpoxe, and K,
Van {Uipve. 1991 The stable iso-
lope geochamistry of CalCOz on
the Tanana River {loodplains of
interior Alaska, USA: Composi-
tion and mechanisms of forma-
ion. Chem, Geol BG:97-1 1

Pone, W.GL )W Lusmany, R Fin viorE,
F. Huspy, C.C Carvirr, COW.
Newnsan, B Lewis, RUL. Harzeo oo
and 3. Frosemi, 1991, Teeding
vilue of raw or heated grain ama-
ranth germplasm, Amim. Feed Sei.
and Tecinology 33:221-236,

Powirs, RUF, and K. Van Coove. 1991,
Long-term ecological research in
emperate and borsal ceosystems.
Agran, f,83:11-24,

Renpexer, LA and W M. Samus. (991,
Growth and seasonal weight
changes as ey relate 1 spring
and autumn sot points inmale deer.
Capt ] Zool, 69744747,

Ressorer, LA, and R, Hunson, 1990,
Behavioral and thermoreguolutory
respenses of moose to high ambi-
ent temperatures and insect ha-
ranement in aspen-dominated for-
ests, Alves. 26066472,



Swanson, R.B, and C.E. Lewss, 1991,
Food Acquisition, Availubility, and
Allocation in Urban Aluska. Home
Economics Research dournal.
194y 3¥3-314,

Van Creve, K., FS. Crann 11, CT.
Dvrnpss, and LA, Vigrcr, 1991
BElement cycling in taiga forest:
state factor control. BioScience.
44:77-88.

Wexpscrin, P.ML 1991 Lactational per-
formance of high producing dairy
cows fed diets containing salmon
meal and urea. J. Dairy Soi.
74:3475-3485.

Winpsemrn, P.M 1991, EBEffect of
probiotic supplementalion ¢n
arowth rafe, rumen metabolsm,
and nutriecnt digestibildy in Hol-
stoin heifer calves, Asian-
Aunstralasian J. Amimal Sel.

Bulletins
L P P

Kepsrsaue. L L and 8.M. Dorna, 1991,
Reed Canarygrass in Alaska: In-
Jhuence of Latitude-of -Adaptatiens:
cnt Winter Survival and Forage
Productivity and Observations on
Keed Producrion. Bulletin 34,
AFES/SALRM, University of
Alaska Fairbanks. #

Kubpusaner, LY 1991 Performance of

Iniroduced Stender Whearsrass in

Alaska aad Preswmed Evidence of

Ecotypic Evotwion. Bullerin 35,
AFES/SALRM. University of
Alaska Fairbanks. *

Circulars
R

Carting, DB amel P.C Westenare.
1991, Peatgres variety perforsanee
Alaska 1900 Circular 84, AFES/
SALRM. Universsty of Alaska
Fairbanks. *

Dopmig, SM,, CW. Knianr, and S A,
Braxe, 1991, Restdis from the 1990
Aluska barley breeding program.
Circular 82. AFES/SALRM. Uni-
versity of Alaska Fairbanks, *

Darine, S.ML, CW. Ko, and S.AL
Braxe, 1991 Resulis from the 1991
Alasha hurley breeding pregram.
Circular 85, AFES/SALRM. Uni-
versity of Alaska Fairbanks, *

Research Progress Reporls
L

Dormne, SM., RG. Gaviax, and CW.
Kt 1991 Melring bariey guiai-
ity in Alaska: A prefimingry study.
Research Progress Reporn No. 26,
AFES/SALRM. University of
Alaska Fairbanks, *

Him, DAL Y9 Reestablishment of
Woaody Browse Species for Mingd
Land Reclamation Year 2 {19980
Resufts. Rescarch Propress Report
No. 23. AFES/SALRM. Univer-
sity of Alaska Fairbanks, ®

Hewm, B 1981 Evatuation of Plant
Species and Gruss Seed Mixes for
Mined Land Revegertation Yeur 2.
Hesearch Progress Repart No, 24,
AFES/SALRM. University of
Alaska Fairbanks. *

Matiieke, G.E.M., PS5, Hoccoway, and
). WaoNer. 1991, IRT-7® Paly.
ethviene Mulclt Film and Growih
of Sweer Corn in Fairbanks,
Alaska. Rescarch Progress Report
No. 25, AFFES/SALRM. Univer-
sily of Alaska Fairbunks.

Panciera, MUT and R.G. Gaviax, 1991,
Effects of Seeding Rate on Dry
Mutiter Yield of Two Forage Bape
Varietivs. Research Progress Re-
port No. 21, AFES/SALRM. Uni-
versity ol Alaska Fairbanks. *

WINDSCHITL. .M., KM RaNbavi. and
D1 Bramarn, 1991, Growsh per-
formance of Holsiein daivy cabes
supplemented with « profiotic.
Reseurch Progress Report No. 22,
AFES/SALRM, University of
Alaska Tairhanks. *

Agroborealis
L ]

BEonor, €L, and 1D, MoKisoricx,
[991. Strip Mine Reclarmation and
Alaska’s Big Game Wildiife.
Avrohorealis, 230154145 %

Hriwm, DU 1991 From Boreal Forest (o
Reclumimed Site: Revegeration at
the Usibelli Coal  Mine.
Avrobarealis, 2301 v45-50. %

Hotroway PSS 1981 Endungered Aleu-
iian Shigld-fern Grows at the Uni-
versity of Alaska Fairbanks,
Agroforealis, 2M1185,*

Jooay, G.Poand NB. Fosrer, 1994, A
Retarn t0 Green  Island,
Agrafuwealis. 23(1):26-28. *

MoK voror, L0, 1991, Arctic Turedra
Rehabilitution—Ohservations of
Progress and Benelits to Alaska
Agroborealiv, 23{1):29-40. *

Mook, S K. 199 ], Cuistie and Curcon
the Dalton Highway. Agrofrealis.
23(1k31-56.#

Rempoxker, LA Y] Game Produc-
uon: Agricultural Diversification
for  Alaska?  Agrobarealis.
23 R20-25, %

Searwow, 8.0 19U Agricultural Re-
search Cooperation Continues
Between Alaska snd Siberia.
Avroboreafis. 23 1R854 F

StrerTsky. AL 1991, Alaska as Seen by

Russiun Exchange Student.
Agroboreatis. 23()50-61. ¥

Vol 24 Na. @, 1992 59



Swanzon, R.B. and MLP. PenmieLp. 1991,
Reindeer Meat: Relationship
Among Dietary Fat, Flavor and
Acceptability. Agroborealis.
231 ) 15-19. %

Worksman, WG, WO Tiomas, and
LA, Grepnsirc. 1991 Economics
of  Reindeer  Rangeland.
Aproborealis, 23(11:5-14, *

AFES/SALRM Miscellaneous
Publications
[T

kners, CAL V990, Nunpal Resources
Management: An Insfructional

Guide for Secondary Teavhers of

el Subyjeces. AFES/SALRM. Uni-
vorsily of Alaska Fairbanks. Mise
Pub, 91-3,

Ky CW. 1991 Summary of Canola
Praduction Practices for Alaskua.
AFES/SALRM. Universily of
Alaska Fairbanks. Misc, Pub 91
4.0%

Lav 8. (cd Y 1991 Annaai Report | 990.
AFES/SALRM. University of
Alaska Fairhanks. Misc, Pub, 91-
| *

Lav. L8 (ed.y 1991, Soviet gnd Westers
Agricultural Economicy Semings
Proceedingy 1990, AFES/
SALRM. Umversity of Alaska
Fairbanks, Misc. Pub. 91-2. *

Lay, .S, (ed.y 1991, ustructiona! and
Research Furalty. School of Agri-
culture and Land Resources Man-
agement, University of Alaska
Fairbanks. Mise. Pub, 9.3, #

Mise. Pub. U1-6 listed under books sce-
tiomn.

6 Agrotrorealis

Proceedings
A

Atexanpes, E CL. Pixg, and 1P,
Maoorr, 1991 Wetland soils. In:
Kimble LM. (ed.) Proceedings of
the VI Iermgtional Soil Corve-
farion Meeting, Classificarion and
Management of Wet Soily, Oct.7-
20, 1990, Louisiana and Texas,
USA. Published by USDA-Soil
Conservation Service, Washing-
won, D.C.

DG, S.M., MG, KarLsson, and E.A.
Hockerr. 1991, Rate of leaf dovel-
opment in uniculm and nonmal
barley isopenic lines. p, 319-521.
In: L. Munck (ed.) Bailey Genel-
ics Vi, Vodume | Proe. of the Sivth
International Barley Genetivs Sym-
posimz, Helsingborg, Swoden, July
22-27. Munksgaard Iaternannaal
Puhlishers Lid. . Copenhagen, Den-
mark.

Ervsorr, €4 and 1D MoKENDRICK,
1991, Can reclaimed coul mine
spoils be used as Rungeland? The
effect ol clipping on growth rate
and nutrient comtent of red Fescue
scetled on strig mine spoils minle-
rior Alaska, In: Graves, D.H. (¢d))
Praceedings 1991 Narieonal Svmi-
posinmon Mining Lexington, KY.
September 22-27, 1991, Univer-
sity of Kentucky,

Juoay, G.P, and N, Toster. 1991 The
Exven Valdez oil spill: early ef-
fects of acule stress on namurad di-
versity in a pristine environment,
In: Proceedinagy of the 1 7th Annid
Natural Arvas Conference and
Yasemite Ceniennial. National
Purk Service, Concord, CA, Oclo-
ber 14-19, 1990,

MerHan, ML, M. Fusey, O Rosirs,
and R.L. K, 1991, Historic and
potentin) production and utihiza-
tion of Alaska Maitne By.prod-
ucts. In: Making Profits ont of Sea-
food Waste: Aluskd’s Bifilon

Pounids of Protein. Proceedings of
an baternational Conterence about
lish by-product apporunitics.
Alaska Fisheries Development
Foundation and Alaska Sea Grant
College Program. University ol
Alaska Fairbanks. Rpt, U0-07,

Frvo, CL., and 1P, Moore. 1991, Wer-
land properties of pernatrosisoils.
I Kimbie .M. (ed.y Procecdings
af the VI International Seil Cor-
relarion Meeting, Classificaiion
andMunugementof Wet Sofls Oct,
7-20, 19940 Louisiana and Tosas,
USA. Poblished by USDA-Soii
Conservation Servicg, Washing-
ton. D.C,

Stz S and CL. Pisa. 1991, Wet
Andisols, In: Kimble LM, {ed)
Praceedings of the VI Inverng-
tional Soif Correlation Meeting,
Clessification and Manavenent of
Wet Soifs. Gcr, 72200 1990, Louisi-
anaand Texas, USA. Published by
USDA-Soil Conservation Servige,
Washington, D.C.

Yarw, §. and K. ¥Wan CLeve. 1991
Changes in the source/sink rela-
tipnships of the Alaskan boreal
farestay aresultof climatic warm-
wng. In: Proceedings of the hier-
nerstangl Conference on the Bole of
the Polar Regions in Global
Cheange. June 1990, Fairbanks,
Alaska,

Yarer, J. 1990, Role of compulter mad-
¢l= in predicting the consgyuences
of managenent on furest produc-
tivity, e W 1 Divek and €. AL
Meos (eds ) fmpact of Intensive
Harvesting e Forestyite Produc-
mvity. Proveedings, [FEAIBE A3
Wordahop, South Island, New
Zenland. March 198G, [EA/BE TS/
A6 Reporl No. 2. Porest Rescarch
Institute. Botorua, New Zealand.
FRI Bulletm No. [39:3-18.



Contract Reports
Y

Finstap, (O and LA, ReNecker. 1991,
Reindeer hevding on Umnak Is-
fund. Report and Recommnenda-
tions o THX Corporation. AFES.
University of Aluska Fairbanks.

Heim, 1L 1991, Vegetation sampling
saterial, Preparcd for Alaska Di-
vision of Mining, 36 pp.

Hiam DI 1991, Comparison of alder
planting techiiques with differen
mycorrhizal inocula for mine soif
siabilization. Preparved Tor Alaska
Division of Agricuttare, 18 pp.

Husey, FM. 199 Nutritional andfecd-
ing value of a salmon head protein
hydrolysate in diets for weanling
pigy. First Quarterly Report 10
Alaska Fisheries Development
Foundation, loc, Anchorage,
AFES. University of Alaska
Fairbanks. 4 pp.

Huspy, .M. 1991 Numritional and feed-
ing value aof a saimon head protein
hyvdrolysate in diets for weanling
pigs. Final Report to Alaske Fish-
erics Dievelopment Foundalion,
Inc., Anchorage. AFES. Univer-
sily of Alaska Fairbanks. L1 pp.

Wpay, G.P. 1991 Ten Years of Succes-
sional Change on the Hugh Miller
Inter Plows. Glacier Bay National
FPark. Contract Report 10 Alaska
Region, Nutional Park Service,
#CA-9T00-0-901 1, 35 pp.

Revecksr, L A and D). Jersmunson, 1991,
Demaonstration of the use of dogs
te herd reindeer. Reportl to the
Reindesr Herders” Association.
AFES. Universily of Alaska
Fairbanks, 10 pp.

Renecker, LA, 1991 Keal mear veitlie
of reindecr on the basis of poten-
tial productivn. Report 10 the Re-
indeer Herders™ Association.

AFES. Umiversity of Alaska
Fairbanks. | p.

Renpokkr, LA dnd LE. Buaxs 199).
Congenital defects in reindeer: A
production issiue. Report to the
Reindeer Herders™ Association,
AFES. University of Alaxka
Fairbunks. 9 pp.

Revpeker LA, und N Karis, 199,
Range and reindeer productivity
inthe Bevingian Herirage Interna-
tionad Pavk, Progress Report to
National Park Service. AFES. Uni-
versity of Alaska Fairbanks.

Theses and Student
Professional Papers
L

Apams, P 1990, The role of solar radia-
gen Uit the germingtion and seedling
development of Alnss orispa and
Alnus temitfolia. Thesis. University
of Alaska Fairbanks.

Boanton, B.M. 1991, Alaska iree im-
provement program plan. Thesis.
University of Alaska Fairhanks,

Derwisr, S K. 1991, Factors influenc-
ing the development of the Alaska
state land disposal program. M5,
Professional Paper. University of
Alaska Fairbanks.

Jeao, H. 1991, Satellite observations of

circlation patterns inKasepaluk La-
goon, Alaskqa, Thesis, University of
Alaska Fairbarks.

Ressa-Sarry, R. 1991, Woad bear val-
ues of trees from the northern Alaskg
foresi. M5, Professional Paper. Uni-
versity of Alaska Fairbanks,

Rocrrs, RR. 199V, An analysis of eligi-
hility for subsistence hunting in the
Wrangell-St. Flias National Park,
Alaska. Thesis. University of Alaska
Fairbanks.

Newsletters
[

Hovtoway, PS5, 1991, Glasnost Garden.
Georgesen Botanical Notes, No,
. AFTES/SALRM. University of
Alaska Fairbanks, *

Houl oway, P.S, PJ. Waaner, and
G.E M. Marseke, 1991 Checklist
of Landscape Plant Materials for
the Tanana Valley, Georgeson Bo-
tunical Notes. No. 2. AFES/
SALRM. University of Alaska
Fairbaonks, *

Marivkr, G.EM.. P.S HoLLoway, and
P.J.WagNer. [99 1L IRT-76% Poly-
ethylene Mulch Fitm and Growth
of Sweel Corn in Fairbanks,
Alaska. Geargeson Botanical
Nutes. No. 3. AFES/SALRM . Uni-
versity of Alaska Fairbgnks, *

Reveckir, LA, (ed.y 1991 The Rein-
deer Report. School of Agricul-
ture and Land Resources Manage-
ment Reindeer Research Progeam,
AFES. University of Alaska
Fatrbanks. Oet, 11 pp. *

Renpoker, LA, {od) [99], The Rein-
deer Reperr. School of Agricul-
wre and Land Resources Manuge-
ment Reindeer Research Program,
AFES. University of Alaska
Fatrbanks, May. 13 pp. *

Wacner, PJ. 1991, Commercial Secd
and Plant Sources. Georgeson
Botanical Notes No. 4. AFES/
SALRM. University of Alaska
Fuirbanks. §

Waener, P and GEM. Marorke,
1991, Annual Flowers. Georgeson
Butanical Notes No. 5. AFES/
SALRM. University of Alaska
Fairbanks. *

Vol 24, No. 1, 1992 61



Miscellaneous
LR

Fox, I 1991, “Fthics” aud “Land BElh-
ics. " Journal of Forestry, 8H9:24-
25.

Jupay, G.P., and R. U 1991, Estab-
lisiment Record for Pere Dahl
Slough Forest Naniral Asea,
Chugach Nationa! Forest. Final
Report 1o USDA Forest Service,
113 pp.

Kartsson, MG, 1991, A major prob-
lem. Extension demunds in Den-
mark. Spartan Orsamenial Net-
waork. Michigan State University.
Tan. 14,

Karisson, MG, 1991, Tip of the week.
Outside living environment tmpor-
tant. Spartan Ornamental Network,
Michigan State Urdversity, Jan. 14,

KakrvLsson, MG, 1991, A major prob-
lem. No pesticides? Sparran Or-
ramental Nenwork, Michigan State
University. Feb. {8,

Karesson, MG, 1991, Tip of the week.
More piants and flowers in Eu-
rope. Spartan Ornamenmal Nel-
work. Michigan State Umversily.
Feh. 18,

Do you want one of our publications? Tell us which ones.

Title*

KarLsson, MG, 1991, A major prob-
lem. Increased marketing in Eu-
rope. Spartan Ornamental Net-
work, Michigen State University.
Nov. 1.

Karisson, MG 1991 Tip of the week.
A new class of plant hormones.
Spartan Ornamental Network.
Michigan State University, Nov.
1.

Karisson, MG, 1991, A major prob-
lesn. Poinsettia is nol poisonous—
Justnon-edible. Spartan Ornamen-
tel Nerwork, Michigan State Uni-
versity, Dec, 4.

Karisson, MG, 1991 Tip of the week.
Mainlaiping the Christmas bree,
Spartan Oruamental Network,
Michigan State University. Dec.
4,

Packes, BE.C. 1991, Stems Per Acre;
Yield implications. An AlaskaRe-
Torestation Council Workshop:
Forest healththrough tree improve-
ment and forest managemenl. Sept.
24-25 1991

Packir, EC99L, Forest Indusiry Eco-
nomic Qpportunitics Associated
with Fapansion of the Alaska Rail-
rogd. Noon Forum, March 8,

Auther

Title*

Aunthor

Author

* Please order only publications marked with *. Copies of Wildlife Production: Conservation and Sustain-

ably Development are $70 euch. All other publications are free.

Send to:

Name

Address

Packur, B.C V99, Free Improvement
and Sifviculture: Pitfalis 1o Avold.
An Alaska Reforestation Council
Workshop: Vorest health through
tree improvement and forest man-
agement, Scpt. 24-235.

Packer, BEC 1981 Reproduction Meth-
ods and Genetic Gpportunities, An
Alaska Reforestation Council
Workshop: Forest health through
trec mprovenent and forest man-
agement. Sept, 24-25.

Pacrre, BC. 1991, Industrial Forest
Management: Pifalls fo Avoid.
Alasku Department of Commu-
nity and Regional Atfairs and
Tanacross, Inc, Forest Conforence.
Dec. 19-20.

Renpexsr, LA, and R. YVauncz 1990,
History of the mternational wild-
life ranching symposium. Cana-
dian Crame Farmer and Bison 7.
Hine: 3-6,

RENbCETR, AL 19 Game farming in
Canada: A business? Canadian
Gine Farmer aud Bison J. hune:
i5-17.

E
i
|
|
!
f Title*
|
E
!
f
i
f
E

62 Agroborealis




i Fas i%
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= Small class size, independent study, active
campus

¢  Recreation in the heart of Alaska
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