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PLANT COMMUNITY AFALYSIS

by

Tan A, Vorley
Professor of Botany
University of Vermont
Burlington, Vermont

Introduction

Unless otherwise noted, vegetation samples were taken in the manmer
described by Worley (1977, 1975, 197h) and Worley and Streveler (197h).

In some instances no abundance values were ascribed, and in most czses no
bryophyte data were recorded. Voucher specimens of selected plant snecies
are deposited at the Glacier Bay National Monument Ferbarium.

Numerical and graphical analysis of the vegetétion data follows Worley
(1977, 1975, 197L) unless otherwise stated.

The field work was accomplished primarily during 1977 by G.P. Streveler
and I.A, VWorley, with the most competent and necessary assistance of
Robert L. Daniels, Leigh Smith, and Mary Worley; Joshua “orley was in
attendance, E

The initial budget, supplied by the National Park Service, was sunplemented
gracicusly by suvbstantial assistance from the Federal York-3tudy Program,
and by the use of space, esuioment, supplies and time from both the '
Verment Agricultural Experiment Station and the Znvirommentzl Program of
the University of Vermont. ' '

Anita Mullen, Tom Savrine, Jr., and Cindy Wemple, throuch the York-Study
Program and the velunteering of personal time, contributed considerable
numbers of hours in data redmction, entabulations,and air photo interpre-
tation. Tom, with great care, prepared and drew the vegetaticn map. John
Hammer provided some statistical analyses. '

The Bottom Zone of the 3each Commnits
T

Introduction and Cenerzl Character:

The bottom zone of the beach comrmnity (cf. Worley 1975) is the distinctive
foreslope of the beach. This low zone freauently receives saltwater, and
has the first few scattered vascular plants as one proceeds from sea to
land. In the bottom zone, there is seldom, if ever, more than 507 cround
cover by vascular plants, the species richness and diversity is alway

low, and the consolidation of the substrate by roots and rhizcmes is never
prominent. Although the bottom zone and herbacecus meadow zone freely
integrate in places, it is usually not at all difficuli %o discern a3 dis-
tinctive vegetational and geo-morphological boundary between the zones.

In the vieinity of Lituya Bay, Honckenya peploides is almost always the
distinctive and prominent species of the bottom zone.
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This study does not seek the boundary between the bottom zone and umpper
beach zones, but chooses to define it as the transition in beach vegetation
that is muite clear to the eye, senarating more strongly sloned forebeaches
with lov species diversities and freruent saltwater inundation from the
more diverse and densely vegetated upper reaches of the beach that receive
saltwater only during very violent storms or exceedingly hizh tides accom-
vanied by storms., Samples of the bottom zone were taken on the outer coast
from Topsy Creek northward as far as Justice Creek, and along the shores

of Lituya Bay from near the mouth of the Bay to Cenotaph Island (Figure 1).

Prominent Srecies aznd Species Geography:

The distribution in the bottom zone was mapped for all species (by zbun-
dance values in most cases). Twenly~-three species of vascular plants
were recorded in the bottom zone, although few of these were fresuent,
abundant, or displayed geographical patterns of interest. Eryophyties
were not systematically recorded, but only Crimmia maritima was noled

in the zone, then only at very low frecuencies and abundances. The bulk
of the species recorded from the bottom zone with low freguency and/or
low abundance are more common in the herbaceous meadows and can be con-
sidered occasicnal to rare-colonizers on the botiom beaches., Presumably
the lifespan of any such colonizer population is limited and a2lthouzh
seeding in the bottom zone is common, the presence of saltwater denies
permanent coleonization of these habitats by these species.

Throughout the bottom zone samples, three species occur with high

cuency and often fairly high sundance: lemus arenariuns is found at most
oottom sites with the exception of the north shore of 4;*uya Bay w i
is highly infrecuent; Fonckenya pevloides occurs at nearly every s
sampled, often with ﬂlgh abundance (Lt or &) and is clearly the ros
tive member of the bottom zame, whether within Lituya Bay or along the
ocuter coast: and Lathyrus maritimus which is common all along the outer
coast in the bottom zone, although scarcely ever occurring in the toittom
zone within Lituya Bay. Of these three species, muite clearly Horckenya
venloides is the svecies most capable of sustained growth well dovm the
beaches into tidewater influence areas. Elymus coes very well in the
upper portion of the bottom zome as isolated individuals or small clumps,
but rarely forms the dense grassland meadow of the Beach community herba-
cecus meadow zone. The Lathyrus seems to flourish at the intersection
between the bottom zone and herbaceous meadow, doing - best yhere it has

a minimm amount of competition from other vascular plants srecies, but
yet is rel atlvely far removed from freemuent direct tidewater wash.

Within Lituya Bay, two other species occur with moderate fre~uency,
although never in great abundance except at highly restricted sites:

the grass Puccinellia nutkaérsis grows at sub-bottom sites, zpparently
always in a rather flat rocky decression, perhaps where freshwater seeps
out of a beach well below the limit of Honclkenya pevloides. Since there
were no sites visited along the outer coast which provided level gravel
or cobble depressicns near the height of tldewater, (likely due to the
intensity of the sea), it is not surprising there are no records of Puccinellia
there. Similarly, the grass Hordeum brachyantherum is recorded only Ifrom
the shores of Lituya Zay where it occurs with moderate freeuency. Like
Puccinellia, Hordeum seems to prefer substrates of gravels and rocks rather
than sand. Unlike Puccinelliz, the Hordeum is not restricted to Ilat
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Figure 1. Species richness per bottom zone sample. Mean richnesses -
for six geographical regions of the study area are indicated
with larger numerals,
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depressions or freshwater seeps that are commonly covered by tidewater,

Two species of Carex are worth comment at this point: Carex macrocerhala
is commonly found in areas of mobile sands, and thus is known alcng the
outer coast and a% the mouth of Lituya Bay; however, as a member of the
bottom zone (perhaps as a reflection upon the person sampling rather than
upon the distribution of the species) it is only known north of Lituya
Bay. Another specles of Carex, as yet undetermined, occurs smoradically
in the bottom zone or sub-bottom zone, often with considerable density;
like TPuceinellia, this species forms dense herbaceous growth in the bottom
or sSub-bottom zones where there are flat cobble depressions.

Species Numbers Fer Sample:

The mean number of species per sample (Figure 1) in the bottom 7cne is
greater alonz the outer coast (3.9) then within Lituyz Bay (2.6), and
greatest on south beaches of the outer coast (L.B). The mean number of
species per sarmmple in the bottom zone of the beach community in all“o’ the
‘study area is 3.3 (range 1-8, mode 3). Since the outer cozst is =z hig gh
energy beach, it is surprising that there are less svecies within the
cenfines of Lituya Bay. Perhaps this is because of the very sharply defined
bottom zone within Lituya Bay caused by the much steeper tovography, accon-
ranied by the deleterious effects of glacial silt accumulation,

Comrmmity Structure (0,50=1.00 similarity level): ,
Analysis of the similarity matrix considering all similarities C.R0 or
crezter yields:

- cne very large cluster of L8 samples,

- three samples, peripheral to the large cluster, having 2-6
similarity values between 0.50 and 0.63 associating them with
the large cluster,

- a small cluster of three samnles, and

~ two samples having no similarities 0.50 or greater.

The large cluster consists of samples having from 1 to 6 species, averaging
3.0 species (s.d. = .3) A1l samples contain Fonckenya “EWlOLQGS (Ave.
abund. = 3,3, I.V. = 78), 73% of the samples contain Z.ymus arenzring  (Ave.. .

abund. = 2.0, I.V. = 53) d cLh% of the samples contain Lathyrus maritims
(Ave. abund. = 1.6, I.7. = L0). This cluster is the Honcken7z (F i me-
Lathyrus) Sub—community. Of the other 1L species occurring in samples of
The cluster, only Fordeum brachyantherum occurs in more than 109 of the
sermples (Freq. = 217, Ave. Abund. = 0.5, IV, = 1F), Of the remsining
snecies, most are commonly found in the herbaceous meadows of the sandy
beaches, excent for the sub-bottom smecies Puccinellia nutkaensis, Plantazo
maritima, and Carex, sv., and Juncus arcticus, a species of ’“esbmaue* Seens.

The three samples loosely associated with the Honcksnye (Ilymus-Lathrrus)
sub-commumity include:
- a freshwater seen with an undercut herbaceous meadow sliding into
the bottom zone, having a total of { species (all with atundance
values of 2): Honckenya peploides, Elymus arensrius, Achillia

borealis, Juncus articus, and Epilobium glancdulosum. The Juncus
is characteristic of wet areas, the other spscies (except Honclianys
and Elymus) are generqlly restricted on the be;ches to hlzh ZCNES .,
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The full characterization of the Honckenya (Eljrms-~Lathyrus) sub-cormmmity
is: "

Svecies % Freq. Ave. Abund. I.V.
Honckenva peploides ; 100 - 3e3 78
Elvmus arenarius . 73 . | 2.0 . 53
Lathyrus maritimus Sh 1.6 | &0
Hordeum brachyantherum 21 0.5 15
Carex macrocevhala 10 0.3 3
Achillea borealis 8 0.2 6
Puccinellia nutkalnsis 6 -0_.2 ' 5
Mertensia maritima L . 0.1 3
Agrostis exarata by 0.1 3
Potentilla egedii 2 0.1 2
Carex spp. - 2 0.0k 1
Juncus arcticus Ly e b e Q0N 3
Ligusticum scoticum | I 2 ' 0.0k ' 1
Lupinus nootkatensis 2 0.C4 1
Mimulus guttatus 2 0.0+ 1
Plantago maritima e 0.0k i
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- a small cove on the north shore of Lituya Bay with an erceptionally
high diversity of graminoids: Honckenya tevloides (3), Fordeum
brachyantherum (3), Carex sp. (3), Deschampsia berincensis (3),
Elymus arenarius (2), Acrostis exarata (2), Juncus arcticus (2),
and Fuceinellia nutkaénsis. - '

- a beach cn the northeast shore of Cenotagh Island with 2 zentle
gradation of commnities from the sub-bottom bezch zcrne to =2
terresirial meadow. The species of this bottom sammle seenm
-an eclectic assemblage in the bottom zone: Honckenya perloides
(L), Hordeum brachyantherum (3), Puccinellia nuikaénsis (J),
Epvilobivm latifolium (3), Lupinus nootkatensis (2) and Deschammsia
beringensis (). . '

The small cluster of three samples consists of samples from sub-bottom
habitats with abundant freshwater seepage. All three are dominated by
the lush growth of the undetermined species of Carex, it being the sole.
species at one site:

Snecies ¢ Frem, Ave. Abund. S i e
Carex so. 100 £.3 ol
Honckenys peploides 66 TuT L7
Puccinellia nutkzensis 33 T 31
Elymus arenarius 33 1.0 25
. Hordeum brachyantherum 33 0.7 22
Zathyrus maritirus 33 0e7 2z

The two samples having no similarities 0.50 or greater with any cther
samples are from a site with two not infrenvent species of the bottom/
sub=bottem zone: Hordeum brachyantherum (2) and Puccinellia nutizZnsis
(2); and from a siie having a dense clone of Elymus arenarius as Lhe Sole
species in the bottom zone, a2 most uncommon circumstance - this is the
Elymis sub-commmnity.

Thus, 87% of the bottom zone samples form a similar group, with the
prominent variations therefrom being:

a. sub-bottom zones more saltwater influenced

b. sites with freshwater seepacge

¢. sites with inclusion of species from beach meadows

Community Structure (0.80-1,00 similarity level):

At similarity levels 0.80 or greater the large cluster of the previous
discussion is subdivided extensively with 29 samples, various clusters
and/or positions along a gradient in one large plexus (Figure 2); smaller
plexi, containing &, €, and 3 species respectively, and 3 samnles with no
similerities 0.80 or greater (the distribution of the & sites not in the
Honckenya (Elymus-lathyrus) sub-commmnity are the same at the 0.80-1,00
level as at the 0.50-L,00 level),

The large plexus basically displays the variation of the L most fremuent
2 a% k g o b
and important species of the Honckenya (Zlymus-Lathyrus) sub-community.

The largest group of samples (1l) belongs in the top cluster of the gradiert
(Figure 2). It is a Honckenya-lathyrus-Flyms sub-group with an averace
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Figure 2.

The largest plexus of the 0.80 ~ 1.00 similarity level plexi
of the bottom zone. The solid lines indicate similarities

0480 or greater. The large circle of samples at the top of the
plexus is very highly inter-ccnnected at the 0.80 - 1.00 level,
and the dotted lines symbolize that inter-connectedness in
lieu of drazwing all of the lines between the samples. The
dashed lines separate porticns of the plexus with or without
each of three species., The double circles represent identical
samples. ' :
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richness of 3.2 species:

Svecies 7 Frea. Lve. Abund. s.d. I.V.
g st

Honckenya peploides 100 3al 0.7 76
Tathyrus maritimus 100 2.9 0,8 L
Elymus arenarius 100 27 0.6 73
Vertensiz maritima b 0.3 - 10
Testuca rubra 7 Oul - It

The two samples having similarities 0.80 or greater to only one sample

of this cluster are but minor variations of the prevailing theme, and
consist of the 3 principal species plus 2 additional, less important species.

The next sub-group along the gradient has L szmples, with an average
richress of 2,3, It is a FHonckenya-Elymus sub-group:

Snecies o Frem, Ave, Abwmnd., eg.é. TI.7,
Honckenya peploides 10 . aew 368 . - 046 79
Elymis arenarius - 100 2.3 0,5 69
Achillea borealis 25 0gB - - 17

The next sub-group along the gradient has 6 samples, with an average
richness of 3.bh. It is a Honckenye-Flymus-Fordewm sub-group:

Svecies % Treqa. Ave, Abund., s.d. I.7,
Honckenya venloides 100 L2 0.5 én
Elymus arenarius 100 2.h 0.6 70
Hordeum brachvantherum 100 I, - 0.5 68.
Potentilla egedii g 0.5 - 12
Puccinellia nutkagnsis 17 Oudi.,. #e . B
Ligusticum scoticum 17 0,3 - 11

The final sub-group along the gradient has 3 samples, with an average
richness of 2,3. It is a Honckenyz-Fordeum sub-group:

Soecies © ¢ Frems, Ave, Abund. s.d., T.V.
Honckenya penloides 100 3e3 0.6 78
Hordeum obrachyanthermm 100 243 2 08 €9
Agrostis exarata 33 07 - 22

There are three smaller -plexi, all of which are clearly similar to the
main plexus just described, but at values less than 0,80,

Six samples contain Nonckenyz penloides, Elymus arenarins, and Lathwyr:s
maritimus as coes the principal sub-grouv of the main plexus, ous 2150
have Carex macrocevhala. Since five of these samples did not include
abundance data, the sub-group title Carex macrocenhals-Fonckenya is ten-
tative:
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Species 9 Frea. Ave, Abund. s.d. TI,7.
e e

Honckenya veploides 100 - - =
Elymus arenarius 100 - i -
Lathyrus maritimus 1C0 -~ - -
Carex macrocervhala 100 - o, &

Tive samples zre identical, containing only Honckenya nerlolﬂes at an
abundance of 3; one sample has Honckenya peploides at an abundance of S,
They form the EHonckenya sub-group.

Three samples are 1dentlcal, containing Honckenya perloides at andbundance
of L, and Lathyrus mariitimus with an abundance of 2. Lt is a Honckenva-
Aatnyrus SUD=-gI'0UDa

The remaining three samples renresent further variations of the Fonclkenya
(Elymus-Lathyrus) sub-cormunity theme, sites having (abundance in parcntne-
ses ): ' _
- Lupinus nootkatensis (2) along with Honckenya vpeploides (3),
a very vnusual circumstance.
- Honckenya vpevnloides (3), Elwrms arenarius (3), Puccinellis prikasnsis
(3)s ana tTantaso maritima (2), a mix of bottom and stb-ovotionm
 species. '
"= Honckenya peplcides (2), Elymms arenarius (2), Lathvrus maritirms
(2), ichillea borealis (27, icrostis exsrata (2], and Juncus
articus (2), a till and shingle Dedrock beach north of ZTovsy
Creek.

Thus, thls cla331P1cat10n evolves for the Lituya Bay study area:

Beach Comrmmnity
Bottom Zone
Sub-bottom
Carex sp. sub-commnity
Bottom
Honckenya = (Elymus-Lathyrus) sub-community
Honckenya-Lathyrus-tlymus sub=-group
Honckenya=-Llymis sut-group
Honckenya~klyms-Hordenm sub-group
~opcxenya—Hbrdeum sut-group
Honckenya sub-croup
Honckenya-Lathyrus sub-group
Cerex macrocenhala-Fonckenys sub-group
Elymus sub-commmity
(7 samples are unclassified)

Commmity Ceography:

Several of the sub-groups have distinctive geogranhical patterns (Tizure 3).
A11 16 samples cof the Honckenya-Lathyrus-Tlrmus sub-group are at Farbor
Cove and along the outer coast, forming the dominant sub-group from Torsy
Creek to Portage Creek (76% of all sampled sites in that area). The

Carex macrocenhala-Honckenya sub-group occurs only on the outer coast
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Jistribution of the botitom zone sub-groups and sub-cormrmmnities.

The solid rectangles are the Carsx macrocephala-Honckenys
Sub-group.

The solid circles are the Tonclenya-Lathyrus-Elimus
Sub-group.

Te circles with an "I% arz ths Tonckenya-Elymms Sub-group.
The circles with the boticn half filled are the Honckenya-
Elymus~Hordeun Sub-groun.

The circles woth the rizht haif filled are the Honclcerva-
Hordeum Sub-group.

The circles with a2 dot are the Honckenya Sub-grovp.

The circles with a central vhite strine are the Yorckenya-
Tathyrus Sub-group. ' G

The circle half filled zt 2 slant is the Elymus Sub-commnitye
C

The circles with a vertical lins are the
of the bottom zone.
The open circles are unclassified samrles.

arexX Sp. Sub-community
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north of Portage Creek, and is the exclusive sub-group reported there.
With the excerntion of but a single sample, all of the remaining sub-groups
and sub-commnities are located within Lituya Bay, displaying no outstand-
ing geographical patterns.

Conpar:.son with Dixon Harbor Study Area:

The 38 bottom and middle zone samples taken at the Dixon Harbor study
area (Worley, 1975) provide five bottom zone sub-comunitiss (2 to £
samples each) and two middle zone sub-commmities (8 and 11 sarmles each).
At the Lituya Bay study area, 56 bottom zone samples comprise 3 sub-
commnities, orne containing seven sub-groups. Comparison of the sub-
communities, sub-groups, and individual samples between the siudy areas
vields limited szl_m_ar:r_ty. Between the two study areas there is but cne
instance of simi arity at the sub-comrmnity and/or sub-group level greater
than 0,36; the Hur*c:ce*‘yﬂ (Elyrus~-Lathvrus) sub-commmity has a s:.::ilav'ity
of 0.55 with the Lathyrus-Elyrus sub-commmumity,

The beach sampnles of the study area can be combined into a single classi-
fication scheme oy integrating the samples of two small sub-comrmunities
of the uu;on Harbor study area with sub-groups of the Lituya Eay study
area.,

If the four samples of the Dixon Harbor study boitom zone sub-commmity
Elymus-fonckenya are separated, the two samples with Carex macrocerhala
being one group, the remaining two ancther, then the first two sampiszs

clearly belong with the Lituya Bay study Carex macrocevhala-Honcke
sub-group, and the other two belong with the Honckenya-Laihyrus-- .5
sub=group.

]

If‘ the five samples of the Dixon Harbor study bottom zone sub-com,ity
Honckenya are separated, the three samples with Galium aparine become the
sub-commnity Henckenya-Calinm, and the remaining two samples then clearly

belong with the Lituya BSay study Honckenya sub-zroup. The new sm-g:*oup
Honckenya-2alium (all samples having honckenya at an abundance of L and
Galium avarine at an abundance of 3 does not occur in the Lituya Bay
study area although Calium aparine occurs in great a2bundancs st scme sites
on ":.h? north shors of Livuya . say above the bottom zone (in which it is not
knovn ).

In this combined classification, the Elymus-Honcksnya and the Honclkenra
sub-communities of the Dixon Harbor sftudy are eliminated and their sa
integrated, as detailed above, into the sub-grouns of the Lituya Bay studr,
vielding a total of 13 classification units for the bottom zone. The
Elymus sub=cormmunity micht be considered a sub-group of the Honckenva-
(Zlymis-Lathyrus) sub-commmity, but because of the lack of Honckenya,

and sll cther species, due to the very vigorous growth of the keach _;e
grass, it Seems riore properly treated as a sub-ccm.:nity.

les

The combined classification of the botiom zone (Table 1) has six sub-
commnities with the Honckenva-(Elyrmus-~Lathyrus) sub-commmnity having
eight sub-zroups.

Cf the eight unclassified sites, one from EZoussole Beach and one from
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Teble 1. (omparison of the bottom zone sub-communities and sub-groups of
the Dixon Earbor study area and Lituya Bay study area.

For the

Honckenyza-(Elyms-Lathyrus ) sub-community the summation of

the values of its sub-groups are shown in parentheses.

Beach Community
Bottom Zone
Sub-bottom
Carex sp. sub-community
Puccinellia sub-community
Bottom
Honckenva- (Elymus-Lathyrus) sub=-community
Honckenva-Lathyrus-Elymus sub-group
Honckenva—-Elymus . sub—group
Honckenya—-Elvmus—Hordeum sub-group
Honckenya-Hordeum sub-group
Honckenva sub=-group
Honckenya-Lathyrus sub-group
Honckenya-Galium sub-group
Carex macrocephala-Honckenya sub-group
Elymus sub-community '
Deschampsia sub—community
Bottom/Middle
Lathyrus-Elymus sub-community
Unclassified

Mean richness all samples but Lathyrus-Elymus = 3.24
Mean richness all samples = 3.76
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Lituya Bay are from sub-bottom environments, the graminoid-dominated site
at the cove on north shore of Lituya Bay is scmewhat similar (0.51) to

the Descharpsia sub-community, and the remaining five samnles repressent
various combinations of beach species.

Thus, as the number of samples of vegetation increases from the ouvter
coast, the number of kinds of vegetation increases. Fighty-two samrles
have yvielded 13 classification units only one of which contains more than
10% of the samples (Table 1). ,
0f the 13 classification units, Lé6Z occur cnly in the Lituya Bay study
area, 317 only in the Dixon Harbor study area, and but 237 shared by

both (Table 2). However, nearly one half (L6%) of all samples classified
belong to sub-groups shared by both study areas, the three most fresuently
encountered sub-groups in these studies.

A% the Lituya Bay study area a total of ronly 23 species are lnowm from
the bottom zone, with &n average of 3.3 species per sample., At the Dixzon
Harbor study area but 18 species are recorded from the botion rone, averag-
ing 3,8 species mer sample. Fourteen of the 23 Lituya Bay species (617%)
are not revorted from the bottom zone at Dixon Harbor, and 9 of the 18
Dixon Harbor species (FC%) are not reportesd from the Lituya Bay study

area bottom zone. Thus, only 9 of the Ll species (22%) lmown from the
outer coast bottom zone samples occur in both study areas. These are
Honckenya neploides, Zlimmus arenarins, Puccinellisz nutkaénsis, Juncu
ArcTicus, Latnyrus Maritiias, -Llantago maritima, Leschamrsia beringensis,
Licusticum scotlcim, &nd seStuca TULT2.

1.

Table 2. Comparison between the Lituya 3Bay and Dixon Harbor siudy
areas of classification units (sub-groups and sub-communities)
and classified samples.

Number of
3 samples
Number of % of in the ¢ of all
class. class. class, classifis
tnits units units samples
Only at Lituya Bay study area 6 - L1632 20 27
Cnly at Dixon Harbor study area L 314 20 27
At both study areas 3 23¢% 3k L6
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General Character of the 2ottom Zone:

Most bottom zone sites have 3 species, usually with only 1 or 2 being
prominent. The amount of ground cover at the upper end of the =one varies
from less than 5% to greater than 807, and is most commonly 50 or less;
at the bottom of the zone, ground cover is characteristically less than
5% except in very low energy sites with sub-bottoms and/or where there

are freshwater seeps - in these sites cover may approach 1005 in places,

For the most part, the dominant species of the bottom zones of both
study areas are the same, with Honckenya pevnloides, Elymus arenarius,
Lathyrus maritirms, and occasionally Carex macrocephala the most distince
tive species., Other distinctive species are Deschamnsia terincersis

at the head of the west arm of Torch Bay, Puccinellia nuthkz8nsis at sub-
bottom sites in the Dixon Harbor study area and sporadically at Lituya
Bay, Hordeum brachyantherum common at Lituya Bay, and a srecies of Carex
which forms lush suo-oottom stands zt Lituyz Bsy., Tlantazo maritima

also may occur in the sub-bottom zone.

Freshwater seens are indicated by higher species numbers, Carex som.,
- - - 4 - - - S -
Juncus spv. (including J. arcticus), and sometimes additional ;rass snecies,

The most prominent similarity between study areas are the sand beaches of
the Lituya Bay outer coast and the sand beaches of the Dixon Earbor study
area: Boussole,. Astrolabe, and Tnner Point. There is alsc similarity
among Sites where Fonckenya perloides dominates or is the exclusive svrecies.
Finally, there is isolated similarity wherever a sub-bottom hsbitai favors
the growth of Puccinelliz nutksaénsis.

Afterword:

Although the total number of species recorded in the bottom zcnes of both
study areas is low, the samples segregate into a large number of sub-
groups and sub-commmnities. By and large, these sub-units consist of
various combinaticns of a few euite frecuent and often dominant species.
Thus, it would seem that the bottom zone of the beach commmnity as now
known from Torch Bay to Justice Creek consists of a variety of habitats
suitable for the dominance of one or two species each and that each
species acts cuite independently from any other speciss. The only inter-
specific competition that is apparent in the bottom zone of the beach
commmity occurs when large graminoids (usually Carex spp. and/or Tlymus
arenarius) grow in sub-bottom sites so tall and densely that they trchioit
further colonization by other plant species.

Thus, it appears to be more valuable to know and understand the habitat
recuirements of the individual bottom zone species than it is to be con-
cerned with the recognition of sub-groups and sub-corrminities. One should
think of species as indicators of habitat types rather than sub-grcunps

and sub-comrminities as habitat indicators, recognizing that the combined
presence of several svecies at a site betiter defines the nature of the
habitat. :
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The Sunra-tidal Meadow Zone of the Beach Commnity
Introduction and CGenerzal Character:

. The supra-tidal meadow zone of the beach community (cf. Worley 197%) is
the most proninent vegetated beach zone in the Lituye Bay study area.
Along the cuter coast the lush meadows extend almost unbroken for kilcme-
ters at a time, often several tens of meters wide.

This zone consists of the portion of the beach that lies above the normel
high tide line, but does not have a closed canovy of woody vegetaticn.

The zone often intergrades with the bottom zone, especially within Lituya
Bay; however, along the outer coast, an erosion scarp often clearly separ-
ates the two. Along the outer coast colonization of the supra-tidal mea-
dows by spruces is commcnplace. Within Lituyz Bay, only 19 vears (at the
time of data collection) have elapsed since beaches and adjacent lowlsnds
were sccured by the last great wave; nonethless, vegetation boundaries
seem well established, with forest colonization at most sites down to,

or even somewhat upocn, the uppermost active storm beaches.,

Samples of the supra=-tidal zone were taken on the outer cozst from Tonsy
Creek northward as far as Justice Creek, and along the shores of Lituya
Bay from the mouth of the bay to Cenotaph Island (cf. Figure L). Most
samples came from sites also having bottom zone samples. Sammles from
north of Zcho Creek were restricted %o present-absence data. WNo bryophytes
at any of the sites vere recorded in the data.

In most instances, the sample included the full breadth of the suprz-itidal
zone, a zene varying from less than a meter to over 120 m in extent.

Thus, some obvious vegetation variation is masked; for example, Tr=caria-
dominated, short herb "sub-commnities" (which never cccuny the Totael breadth
of a beach) are always merged in the data with an Elymus or umbell
assemblage, ' ' SR

Prominent Species and Species Ceograrhy:

Cne hundred nine species of vascular plants were recorded. The distribution
of occurrence in t he supra-tidal zone was mapred for all species. The ma-
Jority of the species displayed distinctive geographical patierning (unlike
the bottom zone species which show little geographical patterning).

The study area was divided into several geographical zones (Figure §)
for the ease of comparison among different svecies distributicn. These
geographical regions coincide with certain environmental charzcteristics.
For example, sand subsirates are essentially absent within Lituya 3ay,
and rocky beaches are uncormon throughout most cf the outer coast sites,

Except for species of infreeuent occurrence, all species could be classified
into one of these groups:

Predominantly Outer Coast:

Includes species recorded only along the outer coast, and a few snecies

Tound only at sites on the outer coast and at Harbor Cove (15 species in total),
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Geographical regions of the Lituya Bay study area beachss,

NB = North Beaches; SB = South Beachesj NS = North Shore Lituya
Bay; SS = South Shore Lituya Bay; C = Cenotaph Island; H-A =
Harbor and Anchorage Coves., (nexé page)
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Predominantly Lituya Bay:

= Includes species recorded only within Lituya Eay, and 2 very few
species with rare records on the outer coast; some species occur on only
the north shore or south shore of the bay (17 species in total).

Throughout:

- Includes 19 species that zre recorded from all geographical aress,
though sometimes more frequently in certain of the areas.

Lituya Bay and South Beaches:

- Includes seven species recorded predominantly or exclusively from
Lituya Bay and the beaches south- of Harbor Point.

Harbor Cove:
- Includes one species recorded exclusively from Harbor Cove.

Fifty species occurred with f;equep01es sufflcﬂentlv low that classification
was meaningless,

£ the Predominantly Cuter Coast species, four occur all zlong the outer

coast including the mouth of Lituya Bay: Maianthemum dilatatunm, Carex _
macrocechala (Figure 6a)#, Castilleja unalaschcensis (Figure oG), anc o
Flatantherz dilatata. OSix inhabit exclusively outer coast locaticns, from
5 %o 19 sites respectively: Botrychium lunaria, CGeum macronhyllin
arcticus, Mcehringia lateriflora, Llnus coregona, Tsuga heterophy!
Trientalis euronaea (figure oc), ana Fritillaria camschatcensis
Castilieja chrymectis 1is recorded along the outer coast and Zrom
sample cn Cenotaph Island, Athyrium filix-femina grows on beaches : Y
south of Lituya Ba;, and CGlehnia littoralis is recorded in the supra-iidal
zone from but three sandy sites south of Lituys Bay (Streveler has seen
Glehnia at the mouth of Echo Creek).

Bubus

—j,-\,|-

The two tree species found sporadiczlly as seedlings at outer coast sites,
but not 'in any of the Lituya Bay sites, do grow, however, with expected
" frenuencies and abundances in the successional forest sites throughout

Iituya Bay. Three zdditional srecies, Athyrium filiv-femina, “eianthermum
dilitatum, and Trisntalis eﬂ“onana, are commonly associated n;uh NEeacows
closest to forest stends., Seven of the svecies are characteristic of

shores, esnecially those of flre substrates, such as sands or silis,
while the remaining species have no distinctive habitat preferences.

Seventeen smecies are cztegorized as Predominantly Lituys Bay specie
Galivm trifidum is knovn from six sites, 211 on the north shore cf t
Bay., Poa vivirara, Juncus arcticus, Epilobtium sp, and Carex smelini were
found only on the south shore of the Bay, ranging from 3 to © samnies
respectively. Six svecies are recorded in beach samples only from

within Lituya Bay: TPooulus trichocarva (only at Cenoterh Island}, Tenisetun

S.
he

3% In this discussion selected, representative species distriouticns zre
illustrated.
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Figure 6.

Figure 7.

Figure 8.

Figure 9.

Distribution of selected Predominantly Cuter Coas®t species
of the supra-tidal zone: a) Carex macrocech2la, b tillej

2
unalaschecensis, ¢) Trientalis europaea, d) Fritillard

censis,

Distribution of selected Predominantly Lituya Bzy species
of the supra-tidal zone: a) Evilobium latifolium, b) inavhalis
margaritacea, ¢) Rubus spectabilis, d) Epilopium ansustifolium,

Distribution of selected Throughout species of the supra-tidal
zone: a) Rhinanthus minor, b) Fragaria chiloensis, c) Lininus
ncotkatensis, d) Luzula multiflora.

Distribution of selected Lituya Ezy and South Zezaches species
of the supra-tidal zone: a) Calamacrostis canadensis, b) Galimm
zparine, c) Ecuisstum arvense, d) Agrostis Srp.

; _ LT
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variegatum (only from the central bay), Salix sitchensis, Aruncus svi-

. vester, Lpilobium latifolium (Figure 7a), and inaphalis margaritzcea

(Figure Tb). Six species have distributions predeminantly within Litvya
Bay, but with scarce outer coast reports: Poz sp., Deschammsia beringensis,
Stellaria crisna, Hordeum brachyantherum, Rubus smectabilis (Figuce 7C),

and Epilobimm zngustifolium (Figure 7d).

The two tree species are successional trees of Lituya Bay not common along
the outer coast; they are generally scarce within the beach corrmunity.
Seven of the species grow at fresh water seeps or streams. Thus, they
belong to this geogravhical classification principally because of the
limitation of this habitat to sites within Lituya Bay. Five of the snecies
are most abundan®t on cobble beaches, a phenomenon rare to nonexistent on
the outer coast.

‘Nineteen species are categorized as Throughout species. These snecies
vary in frseuency cf occurrence from 1L% to 969 (Table 3), and scmetimes
are more prevalent in particuler portions of the study area. For exammle,
Rhinanthus minor (Figure 8a) occurs at 70% of the outer coast sites but
only 29% of the Lituya 2ay sites, being essentially absent on the south
shore of the Bay. S&imilarly, Fragaria chiloensis (Figure 8b) occurs at
91% of all outer coast sites and a2t cut L/% Of Lituya Bay sites. Seldem
does the oppcsite trend prevail, but Lupinus nootkatensis (Figure 8c) is
more frecuent (especially on Cenotaph Island and the north shore) in the .
Bay (SLZ) than along the outer coast (L3%). Iuzula multiflora (Figure 84)
is typical of the meny species found throughout the study area tut at low
frecuvencies (it occurs in only 21% of all samples).

b
D

and the outer coast; whereas five species have fremuencies 70 or greater
along the outer coast but frecuencies less than 60 within Lituya Pay.
Thus, eleven species are known with frequenciss of 7C or 2bove from within
Lituya Bay.

Six species’'are known at frermuencies 70 or above fronm both Lituya Zay

Seven species (nearly 211 graminoids) have the curious distribution Lituya
Bay and South Beaches, Four graminoids, Luzula parviflora, Calamazrostis
canadensis (Figure 9a), Agrostis borealis, and Juncus arcticus, are raported
at low Iremuencies, and are Siightly Less fremuent within The Bay than along
the outer coast beaches south of the Bay. Calium avarine (Figure 9b) and
Ermuisetun arvense (Figure 9¢) have the same cistripucion, but at grester
Ireruenciss., The genus Agrostis (Figure 94) has this distribution, but is
reported once in the study a2rea north of Lituya Bay. These srecies may
reflect the rresence of bedrock and boulders in some bezches south of
Steelhead Creek.

Consecquently, the bulk of the species in the supra-tidal meadows in the
study area occur in one of three distributions: Predominanily Outer Coast,
Predominantly Lituys Bay, and Throughout. Thus, one may ccnclude that

there are basically two kinds of species occupying the beaches: z) those
species generally found throughout rsgardless of the general charzcter of
the substrate, and b) those species whose distributions are restricted
either to sand or to gravel/cobble substrates. The remaining distributional
trend are of such minor importance that no distinctive geographiczl or
ecological patterns are evident at this point.
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Table 3. Percent frequency of occurrence of the supra-tidal meadow spacies
classified by geographical area as Throughout. The total rumber of
sites in each area appears in parentheses. The additicn of distribu-
tion records from the bottom zone at the corresponding sites alters
the table insignificantly, except for Honckenyz pevloides (see
elsevhere in this report for data concerning this species).

NB SB NS SS C H-A OC L TOTAL
(12) (11) (10) (10) (&) (9) (23) (24) (56)

| S S——

Fragaria chiloensis 100 82 20 20 50

Lathyrus maritimus 100 100 100 90 100} 89 100 961 96
Achillea borealis 100 100 90 90 100 ; 89 100 921 95
Elymus arenarius 100 100 90 90 ?5 :100 100 88 .95
Festuca rubra 83 100 50 90 50 :100 g5 70, 82
Angelica lucida 92 64 80 60 75 l 8 78 71, 77
Conioselinum cﬁinense 100 82 70 30 100 : 78 -9 581 75
Heracleun lanatum '92 82 70 40 50 : ?8 87 Sk 71
Stellaria sitchena 58 82 50 80 100 : 8 70 711 7
Eonckenva peploides Lp 36 70 100 1C0 i 89 . 39 @88 638
|

1
[
|
|
|
I
|
!
|
|
|
|
|
1
1
|
1
100 91 17 63
1
[
:
r
!
|
|
1
1
|
|
|
|
|
|
|
!
i

_ Ligusticum scoticum 67 73 60 20 50 : 78 .70 421 59
Rhinanthus minor 67 75 4O 10 50 : 67 70 29 52
Lupinus noctkatensis 58 27 70 20 100 : 11 43 54, 43
Alnus crispa 17 18 20 40 100 ; 78 17 k2 38
Epilobium glandulosum 25 64 20 30 75 ; 33 L4z 25| 38
Ranunculus bongardi 17 55 26 30 0 |_22 35 21 27
Luzula multiflora 17 55 10 20 0 : 1% B35 13 4§ 2l
Mimilus guttatus 0o 18 10 30 ‘25 = 11 9 21 1k
Potentilla egedii | 17 0O Lo 20 0 : 0 9 25, 14

NB = North Beaches; SB = South Beaches; NS = North Shore Lituya Bay;
SS = South Shore Lituya Bay; C = Cenotaph Island; H-A = Harvor
Cove and Anchorage Cove; OC = NB + SB; L = NS + 88 + C;

TOTAL = H=A + OC + L (see Figure 2).
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Cne species is reported only at the mouth of Lituya Bay. Arzbis hirsutza
is known from three samples at Harbor Cove.

Species Mumbers per Sample:

The mean number of species per sample (Figure L) is greater ont
coast than within Li tuy‘a Bay, there being an average of 235
sample zlong the beaches of the onter coast south of Lituya 2
per sample north of the Bay; whereas the sites average only 16.L species

on the north skore of the Bay and 15,5 snecies along the south shors of

the Bay (t“e four sites at Cenotaph Island contain an average of 12.3 srecies
per site), The mean for all samples is 22.7 srecies,

Tre difference in the number of species may be attributable to a variety

‘of causes, the most obvious parameters being the age of the ferrair and the
size of the beach at any one sample site. It is clear thet the suora-tidal
meadows. in Lituya Bay are only 19 years old, whereas those along the outer
coast are older, at least 30 having elapsed since the last major disturbance.
Furthermore, ths average width of a sammle site in Lituya Bey is considerably
narrover than the average width zlong the outer coast. Finall v, the sub-
strate of sites in Lituya Bay often consists of gravels or cooblas whereas
the substrate ¢f the supra-tidal meadows along t}:e outer coast is most

comonly well sorted sand,.

"‘be similarity matrix shows a remarkably narrow range of similarisy values
which clustering and patterning appear. OCnly six similariiy vnl 28

'e‘, eed 0.75, and all samples form 2 single cluster when values 0.Z0 or

greater are used. .-‘i smaller, single cluster, with a prominent f_‘rar:...e:'t:

occurs with similarity values O, 60-1.00 (Figure 10). -

There are recognized btut two sub-commmunities, one with three samoles,

the other including all remaining samples tut t-*o. The latisr sub-
comrmnity contains three sub-groups. The sub-cormunity distinction i
derived from the 0,50-1,00 similarities, ad the mb-"roun distinctions arise
from the 0.60-1.00 sinilarities. Pa.:ed upon all species with imroriance

S B

values 0.50 or greater in a sub-commmity or sub-grour, the sw_*'::r_l":':_“v

between the two sub-comrmnities is 0,16, and the sm*_lnrlt:.es among the
sub-groups are 0.54, 0.61l, and 0,63,

Thus, this classification evolves for the Lituya Bay study aresz supra-
tidal meadows:
Beach Cormunity
Supra-tidal Meadow Zone

_athrrus-Lupinus Sub-commmnity

Lathyrus-glymus-Achillea Sub-corrmmity
Lathyrus-ichillea-Clyrmus Sub-group
=l 'ms-La""-‘m Sub=-zroup
L_ymus-fHeracleum Sub-group

Because the s:‘.nil&ra.ty variation is so narrow, the sub-groups zre charac-
terized vtilizing the samples that participate in the 0.60-1,00 vlzxus,
but for the jurpo es of mapping the location of the sub-groups all s::'::'as

-

except seven (see Figure 11) are mapped with the sub-group or sub-commmiiy
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. Figure 10.

Plexus mapping of the supra-tidal meadow samples a® similarity
values 0,60-1,00, The broad lines represent similzrity values
in excess of 0.75, the narrow lines represent similarity wvalues
from 0.60 to 0.75. In order to display the Lathyrus-lLuninus
Sub=-comrmmity, dotted.lines representing the 0,50 to U.>u
similarity level are included. The two sites discussed in the
text as including more than the supra-tvidal meadcw zone z2ppear
as a separate pair at the bottom of the figure.

L-L = Lathyrus-Luninus Sub-corrmunity

L-A-E = Lathyrus=Achillea~-Zlymis Sub-group

E-L = Tlymus-Lathyrus Sup=group

E-H = Zlymus-Heracleum Sub-group
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Figure 11,

Geographical distribution of the sub-cormmnities end sub-groups
of the supra-tidal meadcws of the Lituya Bay study arsa.

Closed circle

Closed rectangle

Circle with "X"

Circle with enclosed
sruare

Falf closed circle

Open circle

Elyms=-Lathyrus Sub-group
Eilymus=Heraclevm Sub-groud
Lethyrus=ichillea-Tlymus Sub-group
Lathyrus-lupinus Sub~-commmity

Classifiable eevally well as Lathyris-
Achillea-Tlymus Sub-group or “limmis-
Lathyrus Sub=group

Tot classified
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to which they are most closely related.

Subncommit:-,' éistinction is granted three sites, with 1F specis
on the north shors of Lituya 2ay, sites in an area where post-l
successicn has been very retarded, slowed perhaps ty 2 combinati
exposed lzndscape (to sea and storm) snd very well drained subst
(rmy recollection is that the site is on relatively coarse outwas!
The prominence of Luninus nootiatensis and Fnilobium latifolinn,
with Deuisetum arvense,”. variegatun, and Epilobium angustifolimm are
especially reminescent Of the early successional stages wunrouzhout the
Bay following the last great wave. The sub-corrmnity is ti tled Laﬂ“*"ﬂ*-.s-
Lupinus; in addition to the two prominent legumes (I.V, = 8L znd 7G) five
other species occur at all three sites and have importance values greater
than 50: Eoilobiun latifolium (I.V. = 75), Galium trifidum (I.7V. = 7%5),
Rhinanthus minor (1.V. = 73), Honckenya nevloides (I.V. = 70), and Hordemm
brachyaninertn (I.V. = 70). T
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The Lethyrus-Elvmus-Achillea sub-cormunity occurs thrcuchout the study
arez and is best characterized by its three sub-groups ( see below), A
few samples are ecually similar between two sub-groups. Forty-eight
samples were used to characterize this snb-»com"uv_:y. Three species pre-
dominate: beneath the physiognomically dominant Tliyrms arsnarius (I.V. =
79) are tangles of Lathyrus maritimus (I.V. = 78) and the omiprecent
(90{?’ frequency) Achillea borealis (L.Ve = 68). The average sample contains
15.5 additional species, most commonly including Festuca rubra (1.7, = £9),
.ﬁ.nr'e,'.lca lucida (I.V. = 52), Conioselinum chinense (l.v. = 50), Stellaria
sitchana (L.7. = 19), and Heracleum lenatum (l.Ve = 1), Botrychium lunaria
(owo sites, I.V. = 3), and flalaxic morophylla (one site, I.7. = 1). In
striking centrast with the beaches of the Dixon Harbor study area, Circaea
alvina was recorded a2t but a single site. -

- The Lathyris-Achilles=-Flyms sub-group of the Lathyrus-Elymus-ichillea
sub=community is the dominant sub-group on rocky supnstrates, and cccupies
82% of the sites sampled within and =% the mouth of Lituys Eay. 'rp_cel_y,
the sites are on beaches with . rather steev tidal s"ones, narroy Surra-
tidal meadows, and well defined, but narrow, storm ‘oeacuﬂ the lsst
often being colonized by forest trees and understory vlanits., The yonthful,
nutrient poor substrates asre advantageous to the legume Lathyrus neriiimus
(TN =88), "l‘ose often vigorous growth is always prominent beneath
the overstory of Eliymus arsnarius (I V. = 72) and Festuca mbras (IZ.7. = 63).
Achillea borezlis (_ Ve = () 18 everywhere. Other important species include
Honckenya pernioides (I.V. = 6L3 always most sbundant in the lower paris of
the beach, especially where not shaded), sevm'aJ. umbellifers - Angelica
lucida (I.V. = 57), Conioselinum chinense (I.V. = 55), Lisusticum scoticum
\I oVe = L19), and Peracleum lanatum (l.ve = hO), as vell 25 Soilopim anT
ifolirm (I V. = 503 in OC% of the samples, but seldom esnecially aouncant
and showy), and the whispy Stellaria sitchana (I.V. = €0). The sarmles
average 17.3 species, a fairly large number for the limited breadth of the
beaches. However, of the 56 spscies recorded from the 22 sam .*:.:.e“, a remark-
able 71¥ occur in less than 339 of the samples, This reflects, I suggest,
that youthfulness of the sites, and the opportunist abilities of many of
the species of beach meadow plants. ‘

J.I

The ,,...\,ﬂ'rus-Lau‘a*r"““s sub=group of the Lathyrus-Zlymus-Achillea s
is wide-spread and common on the sandy beaches or the outer coa
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at least 719 of the sandy beach sites north of Steelhead Creek. Elims
arerarius (I.V. = 86) is always present, and often dense and vigorous (its
average abundance is L.25). Nearly eaual in importance, often forming

a solid Lnderstory, is Lathyrus meritimus (I.V. = 8L), Achilles borealis .

ik
(I.Ve = 77), Festuca rubra (l.Ve = (0), and Fragaria chiloensis (L.ve = (5)

Ve
are likewise always present, the last most abundant at the back nart of the
beach on well drained sands. Isolated seedlings and saplings, and ¢ uns&onal
copses, of Picea sitchensis (I.V, = 66) are alvays present. Fifteen addition~

~al herb species occur at the average site (mean richness is 20,9 n601es).
Of the Ll species recorded at the sites of this sub-group, L3% occur at
less than 1/3 of the sites.

The Elymus-Heracleum sub-group of the Lathyrs-Zlymus-Achillez sub-commmnity
is not well named, Zor three additional species are nearliy a8 imporiant as
the Heracleum. This sub-group is repcrted only from between Steelhead and
Topsy Creexs, occupying all 6 sites sampled there. The mesn number of
species per sample is exceptionally hizh, 30.4. Only 2L% of the Sh 5“901e5

;ecarded fron the sites occur in less then 1/3 of the samnﬂes.

Elymus arenarius (I.V., = 92) is exceptionally vigorous (mean abundance is
5.0), a8 1s Herzcleuwn lanatum (I.V. = 79; mean abundance is 3.%).-Ten addi-
ticnal species grow in every sample: Achillea borealis (LY. = 7?),
Testuca rubra (I.V. = 77), lLathyrus maritimus (I.V. = 75), Conioselinum
cninense (l.ve = 68), Stellaria sitchana (I.V., = 68), Epilobi=zm glanculosum
(I.V, = 67), Fritillariz camschatcensis (I,V. = 67), Ligusticum scoticun
(I.Ve = 67), Platanthera dilatata (L.V. = 67), and Renunculus bongards
(I.V. = 67). - These svecies, pius the additional 18 stecies (almost exclu-
sively herbs) at each site, provide a rich, and often colorful understory
to the tall beach rye grass.

I cannot hyoothesize the envirormental factors causing the differences
betireen these last two sub-groups, both of which are developed on sandy
beaches of the outer coast.

The principal differences between the three sub-gzrouns are:

a) Rocky sites have fewer species (17.3 vs. 20.9 and 30.L),

b) Rocky sites have fewer important (I.V, greater than 50) snecies
(7 vse 1h and 17),

c) Honckenva peploides is important at rocky sites (I.V. = 6L),
but not sandy sites (I.V. = 29 and 22) of the supra-tidal meadow
zZone,

d) The forest species Picea sitchensis and Maianthemum dilatatim
are important only at sanay sites,

€) Six other species of diverse morvhology are significently more
Important at sandy sites than at rocky sites,

£) Elymus arenarius, one of the three most important species, is rmch
less abundant at rocky sites than at sandy sites (2.9% vs. L.2%
and 5.0), and

g) The other two most important species are roughly eruivalent in
abundance at rocky and sandy sites (Lathyrus maritirms - 3.18

vs. 3.25 and 3.17).

One additionel sub-group could be recognized, consisting of two samnles
from the south shore of Lituya Bay. Seven species have importance vzlues
exceeding 70: FErnilobimm latifolium (IV. = 75), Zouisetum arvense (I.
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= 79), Honckenya nenloides (I.V. = 75), Hordeum brachrantherm (I.7. = 7%),
Lirgostis exarata (L.7. = (1), Himmlus guttatus (I.V. = 71), anc Lathyrms

Meritimus (leV. = 71)e Both samples had 17 species. At both sites the
upra-tidal meadow zone was essentially non-existent due to geomorrzhological
configuration., Vigorous forest growth from the uplands abutted almost
directly upon tide influenced shore; 2t both sites there was a minor erosion
scarp rather than a depositional beach at the elevation normzlly occupnied
by supra-tidal meadows. Thus, perhaps dune to imprecise reading of the
geomorphology by the sampler, the samples contain bottom and meadow zone
species along with upland species such as Salix sitchensis and Alnus crisca.
Jotable records at these sites are Elymus hirsutus and "Poz vivinara.®
These sites are not included as a sub-group in tne classification or the
supra-tidal meadows, for they apparently include data from more than just
the meadow zZone. '

Geography of Sub-groups and Sub-cormmunities:

The sub-groups of the supra-tidal meadow are strongly geographically
patterned (Figure 11),

The Lathyrus-Iuvpinus sub-commmnity occurs only on the north shore of
Lituya Bay at onree sites in close proximity. Vegetationally, the sives are
among the most. youthful along the Bay within the area sampled.

The El7ms-Heracleun sub-group is known only from Steelhead Creek to
Topsy Creek, it peing the only sub-group sampled alonz that C lm stretch
of beach. '

The Flyrms-Lathyrus suc-grour, which is closely related to the Tl s~
Heracleum sub-g£rour, is likewise restricied to outer coast teaches, aimos¥®
exclusively on sandy substrates. This sub-zroup extends from Steelhead
Creek to Justice Creek, thouzh essentially zbsent from beaches of morainic
origin near the mouth of Lituya Bay.

Vearly all samples from within Lituya Bay belong to the sub-group Lathyrus-

Achillea~llymus, 28 do samples from Harbor Point, and samples from Lituya
2ey moraine or outwash deposits on the outer coast.

Several samples are erually classified as Lathyrus-Achillea-Zlmus or
Elymus-Lathyrus, These are five outer coasi samples, 'Scatiered irom
Harbor Point north to Justice Creek.

Thus, there is clear distinction between the supra-tidal meadows on sandy
‘substrates (restricted to the outer coast) and those cn rocky subsiz
(within Lituya Bay, and on the ocuter coast on moraines and outwash ).
Likewise, on sandy substrates south of Lituya Bay there are only EliTus-
Lathyrus and Elyms-Heracleum sub-groups, with the most cistinctive
(Cilsmus-Heraclevn) being the farthest from the Bay. However, on beaches
north of Lituya bay there is a mixture of Elymus-Lathyrus (mostly) and
Tathyrus-Achillea~Elyrms (some). This mixture is not readily explainable.

Comparison with Dixon Harbor Study Area:

The supra-tidal meadows of this study area may be compared with the Middle
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and Ton Zones of the Zeach Commnity determined for the Dixzon Harber
study srea (Worley 1975).

In this study two sub-commmnities have been recouﬂl ed, one with three
sub-grcups. At the Jixon Harbor study area four sub-communities, wwo in
each zone, were recognized. A similarity matrix (Tsble L) utiliging all
.rire oI the sub-cormmmnities and sub-groups was generated based upcn the

mportance values of ths eight most important vascular plant species in
each assemblage. Thus, each sub-community or sub-group was considered to
contain buv eight species, the remaining species were ignored; in 211 cases,
except vhen a sub=-group or sub-community nad but a very few constituent
samples, this procedure incorporated all wvascular plant species with im~
portance values zbove 0,50,

I

5 M
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Inspection of the mairix shows that the mean similarity among the four
sub-comrmmities of the Dixon Harbor study z2rea is 0.27, and the similarity
between the Lituya Bay sub-comrmnities is 0,16, Howevsr, the mean simi-
larity amonz the three sub-groups of the Lituya Bay study area is 0.E59,
with the greatest being 0.63. The maxirmm sub-group similarity with its
sub-commmunity is 0.78. Consecuently, if any of the sub-comrmuniiies of
the sub-commn;itips of the Dixon Harbor study arsa are toc be considered
congruent with any of the sub-groups or sub-corrmmities of the Lituya

Bay study zrea (and conversely), then the similarity should excesd Q.60
(oreferably 0,80 or crester), otherwise each sub-group or sub~-corrmmity
should retain its identity.

Since such high similarities do noit exist; cince none of the similarities
are sufficiently zreat to designate any of the sub-commmities of the
Dixon Harbor area as a sub-unit of any Ll‘“* a2 Bay category, or ccrverse’V'
and since none of the inter-sample similarities is great enough to permit
regrouping as was feasible in the Eottom Zone classification, thz following
conbined c’agsificaulon scheme for the supra-tidal meadovws frcn Terch
Eay to the Fairweather Glacier is proposed:
Beach Community
Supra-tidal Meadows
Lathyrus-Iuninrus Sub-community
‘auh yrus-clymis—-dchilles Sub-corrmunity
Lathyrus=ichiliea=iiymus Sub-group
E1ymisS-Lathyrus Sub=-group
1lymus-Heracleum Sub-group
Lathyrus-Elyms Suo—cor“hnlty
Zlymis-Calium Sub=-cormmunity
Elymis-Calamagsrostis Sub-community
Heracleum~-Uircaea-Calamagrostis-rhytidiadelnhus Sub-commmnity

The highest similarities between the study areas are between ECi and FH
(0.62, see Table L) and IC and LEA (0.57, see Table L), The most signi-
ficant difference betweesn ZC and the others is that it has fewsr species
per samole (13,8 vs. 30.L 2nd 18,5), and the prominent grass Calamzcrostis
canadensis (I.V. = 90) is notably scarce or absent in the Lituya := ;
area, replaced by Festuca rubra (I.V. = 77 2nd €9 resvectively).

the prominerce of Calamagrostis, and other important specles cccour

— T
E0L1E U,

#* Sub-croup and sub-commmunilty avbreviations are explained in
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Lathyrus-Elvmus-Achiilea Sub=~-community

Lathyrus-Lupinus Sub=-community

Lathvrus=Achillea-Elymus Sub-group

Elvmus=-Heracleum Sub=-group

Elymus-Lathyrus Sub-group

HCCR =Heracleum-Circaca-Calamagrostis-Rhytidiadelphus Sub-community

EC

&

t'
tf

i

Elymus-Calamagrostis Sub-community

Elymus-Galium Sub-community

Lathyrus-Elymus Sub-community

Table 4, Similarity matrix of the sub-groups and sub-communities of

the supra~tidal meadows of the Dixon Harbor study area and the Lituya

Bay study area. The dashed lines separate the two study areas and

sub=groups from sub-communities.
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only one of the sub-units, and because of the vast difference in richness
(120% greater at EH sites), EH and EC are not combined, albeit their sim-
ilarity is vnmistakeable. For similar ressons it is not appropriate to
ccmbine EC and IFEA,

The EC sub-community occurs on and behind the higzh dunes of Astrclabe
Beach (Worley 1975), a habitat not at all dissimilar with the sites of the

 EH sub-group (which occur, at least, between S'beelhead and Topsy Creeks)

in substrate, beach b'r'eaczt.h, exposure to the sea, and elevation., Since

a broader portion of the beach is included in the EH samples, it is reason-

able to combine the lNiddle and Top zone sub-commnities from Astrolate
Beach for comparison with ZE. Doing so does not enhance the similarity.

Phys:.ognow cally, EC and FH are quite similar, with the tall craminoid
dominance of -almt.s and Calamagrostis or Festuca broken by the coarse
Heracleum lanatunm, and a thick understory o: ichillea borealis, Coniosel-

inmum chinense, tangles of Lathyrus marlt:r_r"Ls, and a variety of broad-leaf

herbs. The colorful flowers of Bpilobium angusiifolivm in =C are paralleled
by a-variety of richly flowered herdos in I'H, esveciz.ly Fritillsris cam-
schatcensis, Platanthera dilitata, along with Epilobium flardnlosnon, nan-
unculus obongarci anc OvAerS.

The other similarity of note is between EC and IFA. Roth sub-commmities
have as Dar‘o:r_cularlf important species EI }"*us srenarins, Lathyras maritimus,

" and Achillea borealis; however_. there is the notablz prominence of Calema-
grostis canadersis in IC (only somewhat av*:roxw_'ﬂ.atea by Festucs rubrs in LmA),

as well &s heracleunm lanatum and other species,

TTA

Since LEA is the generalized sub-community zt the Lituyz Ray study arez, .
incorporating sites both from within the Ray and alcng the outer. coagt, "
one can drsw’ little from the similarity between ZC and IZA (as well as -the .

0.51 similarity between IE and LEA) except to again emchasize the need for
smaller sample plot sizes and/or additionzl zonal differentiation at the
Lituya Bay study arez.

The sub~corrmmnities HCCR and LL are clearly individually di stinct, es-
pecially because of their lack of Elymus arenarius, and the resnect-_ve
physiognomic prominence of Calamagrostis canadensis and Athyrium filix-
femina (for HCCrt) and Lupinus ncotkatensis, Zpilodium letTifoliim, anc
Potentilla egedii. (in ITJ. -

By contrast, the three sub-groups of the Lituya Bay area and the three

other sub-commmnities of the Dixon Harbor area have rrominent Elymmis arerarius

In four of the six assemblages n.lwm,, 1s is the most important plant (T.V.'s
from 86 to 99), once it is second in importance (I.V. = 80), and once third

(I Ve = 72)0

LE and EG are distir \,Mshed by very low richness, being in the middls zone

(ez. Jo**lef 197%), and being vrincipslly dominated by bnt tvo species,

Lathyrus meritimus and Zlymms arenarius for IE, Flymms arenarivs and Czlium
T‘C =

aparine for
——

EC, EH, LAZ, and EL have greater richness (13.€, 30.h, 17.3, and 20.9
res::ectivel"), include the unver reaches of the supra-iidal meadews {and
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sometimes the entire supra-tidal area), and all have as important apd
visually orominent species Zlymis arensrivs, Lathyrus mari t:mus, and
Achillea borezlis., EC is euickly identified by the prominence of
Calamagrostis canadensis,which is absent or scarce in the others, ad

by the absences oi Testuca rubra as well as the high freeuency of Trien-
talis euronaea. LAE only infrequently has prominent Heracleum lanztum,
and has a firly hich frequency 86% of Honckenya veploides. EH and ZL are
cuite similar (0 63), differing primarily in their smaller plants, EL
seemns to occupy drier sites,and has notable abindances of Frazaria chilo-
ensis, Rhinanthus minor, and Castilleia mnalaschcensis, whereas the under-
story of Lk contains some 10 more species per site, many of which are
larger and more coarss,

A comparison among the eight most important species of a sub-group or sub-
comunity (2 total of 33 species in all) yields (particularly notzble
species are identified by an asterisk):

a) eight supra-tidal meadow species notably scarce or absent ai the
Lituya Bay study area, but diagnosticzlly imporiant and/or abundant
a2t the Dixon Harbor study area:

Calamagrostis canadensisd#
Trientalis euronzez
Circaea zlvinass
Descharpsia beringensiss
Roripna islandica

Galium avarine

Athyriun Jilix-femins
JUNCUS arcTicus

b) at least nine supra-tidal meadow species rotably scarce or absent
at the Dixon Harbor study area, but diagnostically immorisnt and/or
abundant at 'bhe Lituya Bay study area:

Festucza rubrax
Rhinanthvs minor
“ragaria chiloensisst
Castilleja unalaschcencis
Fpilopium glandulosun
Platanthera dilatata
manunculus bongardl
Lupinus nootkatensis#
FTpilooiwm latifoliums¢

¢) and eleven supra-tida. meadow Species diagnostically imporiant

and/cr abundant a2t both study areas:

Elymus aresnarins
Laethvrus maritimss
Achillea porealis+
Heracleum lanatum
Foncksnya neploides
\ngelica lucida
Conioselirum chinense
Znilobivm ancustifolivm
Fritillaria camschaicensis
Stellaria sitchana
Ligusticun scoticum

The most siznificant of these are the differences in the sub-dominznt
grasses, Festuca rubra vs. Calamacrostis canadensis and Deschamnsia -
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beringensis. The appearance of "forest proximity" species (e.g. Trienta
euronaea, Athyrium filix-femina, and perhaps Circaeaz alnina) in the Lix
area reflect more mature and enclosed sites than the speciss of stable

sandy substrates (such as Fragaria chiloensis, Castilleziz unalascheensis,

and perhaps others) along the outer coast near Lituya Bay.

Zxcept for the differences in sub-dominant grasses this comparisen of
important species supports the viewpoint that there is overall similarity
among the supra-tidal meadows rather than strong distinctive differentia-
tion. Likewise, one rmust conclude that generalist species are more impor-
tant biologically in the supra-tidal meadows than specialists.

The supra-tidal meadow sub-commmnities at the heads of Thistle Cove and
sub=group at the Lithya Bay study area, The mean sinmilarity betyeen HCCR
ahd EG vs. LLG, EH, EL, and LAE is only 0.18. This decided dissinilarity,
even vith sites within Lituya Bay where there are very Similar subsirates,
is likelr dve to the youthfulness of the Lituyz Pay beaches znd the rnors
enclosed climatic settings at Torch Bay and Thistle Cove.. .. s

3

The sandy substrate beach sub-commmnities (ZC and LE) from Boussole Beach,
Astrolabe Beach, and Dixon® Harbor are reascnably similar with the svb
groups (BL and Z¥) from the ocuter coast in the Lituya Bay area (nezn
similarity is 0.h9).

ja

Curiously, the sub-zroup from rocky substrates within Lituya Bayand a2t
Harbor Pcint (LAE) has nearly as hizh a similarity with EC and 1T, 0.48,
Three factors may contribute to this similerity of habitat:

a) both habitats ars youthful, the Lituya Pay sites because o©
denuding wave of 1958, the sandy sites beczuse of rejuve
due to sand mobility as a result of devositional activit
shoreline uplift;

b) there may be a similarity of climatic setiing; and

¢) there may be 2 similarity with respect to sea vigor.
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Factor Analysis:

As a class project in the Ceography Department of the University of Vermont
John Hammer performed bivariate correlations, facltor analysis, and rmultinle
regression analvsis among five species (Tlyrmus arerarius, Honckenvz —é--
loides, Lathyrus maritimus, Achillea borsalis, Frazaria chiloensis; and
Tour factors (species richness, beach Wicur, lativude, aand longivude) for
the sunra-tidal meadows of the Beach Corrmunity. Data for the speacies
consisted of abundance values; thus the 6 most northwesterly sites sampled
(those northwestward of Zcho Creek) were not included in this analysis as
they laclked abundance data., Beach width estimates included Tield measure-
ments and recollections; the estimates are accurate within 20 - 3C%,

Bivariste correlation an2lysis among all nine wvariables nrovided six weak,
but biologically reascnable correlaticns (latitnde and longitude have been

comoined here into northwestness and southeastness):

134



Correlation Coelficient

“ider beaches have more species : LC1

Species numbers decrease to the norihwest L5

Beach width decreases to the northwest L2

Tathyris abundance is provortional with Achillea 110
apundance

Honckenya abundance is negatively nroportional 37
vith both Zlymus and Fragaria abundance

Fragaria is more abundant on wider beaches <35

All the above statements corresvond with our impressions concsrning the
beaches (recalling that the Honckernya as included here refers only
supra-tidal meadows, and does not include the botton zone -- thus, the
more distinctive the meadow (i.e. the more Elymms, or the more th
habitat) the less terrain availsble for Honckenya ).

Together, the {irst threes correlations lead to ambiguity. However, con-
sidering the relatively short biogeographical distance from the mcst SE
site to the most IF site, it appears mors likely that increased species
richness is caused by the larger avzilabls space and more diverse habitats
in wider beaches than by some MW - SE biogeographical factor,
habitat seems relatively specialized, and seems to involve a co
of well drained sandy substrates,at a distance from the active beach,
where there is litile tree colonization. Thus, it is not surprising that
I'ragaria is more abundant in wider beaches.

Lathyrus, as mentiocned elsewhere in this report, seems most abundant and
frecuent in the transition betiwreen the botiom zone and the supra-iidal
meadows. This analysis shows that Achillea is most abundant fresuently in
that same transitional location. It is possible, therefors, that there is
indeed a Miiddle 7one" between the bottom zone and the surra-tidal meadows
=2t the Lituya Bay study area just as was reporied for the Dixon Uarbor
study area. If a2 rezl feature of the beach commnity within the Lituya
Bay study area, the middle zcone apparently is not distinctive and/or
extensive,

Factor analysis (utilizing multiple correlation coefficients and orthogonal
rotation) of the nine variables yielded three nrincival faciors which account
for 53% of the total variance. Factor 1, (which accounts for 289 of ths total
variance) consists of the variables latitude, longitude, soeciss richness

and beach width, Elymus arenarius, Honckenya venloides and Fragzria chilo-
ensis, Factor 3 (¢% of the total veriance) has ouv two variacles, Lathyrus
maritimus and Achillea borealis,

Therefore, 53% of the variation in data coniributed by nine variszbles

at 51 sites can be accounted for by three factors in the multi-dimensicnal
factor space, [actor 1 states that among the variables considered thez com-
bination of geographical position, beach vidth and number of species provides
the most distinctive characteristics of the supra-tidal meadows of the Zesch
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commmity. (The geographical location is strongly, bubt not exclusively,
weighted by the relative position of Lituya Bay and the outer coasi).
The next most prominent factor characterizing the meadows consists of

the combination of beach width and three species. This factor highiights

a gradient among the sites (2 mapping of which shows no significant geo-
graphical patterning) from narrow beaches with little Elymus arensrius and
Fragaria chiloensis, but relatively significant amounts of Honckanvz penloides
in the svpra-tidal meadows to wide beaches with large zmounts of Zlymus

and Fragariz and essentially no Honclienya.

The third most prominent character of the meadows is the combined abundances
of Lathyrus meritirms and Achillea boreslis. This, as noted elsswhere in the
report, may indicate the presence of z Middle Zone of the Beach Commmity

il Wy 3
a zone unsampled in this study.

The third snalysis completed was a multiple regression of all vardiables,
considering species richness per site as the dependent variable, F fest
(a weak test of significance) permitted a four-step multiple recression,
but the substentially more selective t test allowed only 2 two-sien regres-
sion. The two statistically significant variables, beach width and longi-
tude, account for only 37% of the species richness variation. The regression
equation is:

# of species = 0,09 (beach width in meters) + 1,76
(lengitude) + 9.87

As a predictive model, this eguation is not very satisfyinz. The walue of
the eguation rests in the indication that there are other significant
variables zccounting for the variation which have not been trezated. The
most likely variables of significance excluded from these analyses are beach
substrate composition, beach fresh water hydrology (presence or absence

of streams or seeps, and/or drainage characteristics of subsirate), and

age of site.

Afterword:

In the Dixon Harbor study area, beaches were for the most part very narrow,
with well defined vertical zonation: wheras in the Lituya Bay study area
the outer coast beaches were often very broad, with vertical zcnztion
masked in our data, oiten by their breadth, and in places by the erosion
caused by the exposure to the open ocean of the recently uvplifted san
sediments.

A more precise understanding of species and cormrmnity variation in the
Lituya Zay study area would recuire smaller samplirg units, recording
distance from and height above the sea (perhaps annotated with resnect to
severity of the sea), substrate composition, and age of terrain.

One could also determine the complete similarity matrix of all individual
samples already reccrded from both study areas, rather than comp

arir
groups and sub-commmnities, as done here. In addition to resuiring tine
and facilities not currently available, this methodology would not overccne

the masidng of community variation, and the concomitant result of poorly
defined clusters within the similarity matrix, caused by the large samnle

¥ El b 3 :
plot size in the Lituya Bay study area.
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The Beach Comrmmnity

Zonal Compzrisons:

Comparison betireen the sub-community/sub-group distinctions and geograthy
of the bottoem and supra-tidal meadow zones of the beach comrmnity in the
Lituya Bay study arza reveals three general conclusicns:
a) at var,.ow' levels of similarity both zones show broad scale differ-
entiation between Lituya Bay shores and outer coast shores;
b) near the mouth of Lituya Bay the bottom zone vegetation is like
the outer coast bottom zone vegetation, whereas the supra-tidal
meadows correspond with Lituya Bay meadows; and
c) there is no apparent site-by-site correlation between bottom zone
sub-comrmnities and/or sub-groups.

Factors affecting 2) mst include salinity, suspended load of sea and bay
water, wave strength, substrate type, and aze of site. However, in orcer
to account for b) one can hypothesize that the bottom zone at the mouth of
Lituya Bay has wave conditions akin to the outer coast, being very vigorous
during storms, whereas the supra-tidal meadow zone has the same rocky
strate as do sites elsewhere within the Bay.

Conclusion c¢) demonsirates that at each site there is apparently little
interaction among the vegetation, and perhaps the rescective ecosysiems
as well, of the two zones; each zone respending to separate predominant
environmental factors. Thus, the zonal distinctions are justified, de-
marking separate, though adjacent, ecological entities,

Beach Dominants:

Three vascular plant species, Honckenya penloides, Lathyrus maritimus,
and Elymis arenarius, dominate the zones of the beach commniiy in the
study area Dy:
a) often contributing considerable biomass in one or both zcnes,
b) often demsrking zones, and
¢) often being physiognomically prominent.
One or more of the three species is in the title of all but one (a sub-
bottom sub-commnity) of the sub-commnities and sub-groups.

A comparison of the distribution and abundance of these three species

in both zones (Table 5) provides distinctive patterns (Figure 12). 4long
the outer coast, including the mouth of Lituya Bay, all three species are
important in the bottom zone; however, within Lituya Bay only Honckenya
has high importance values in the bottom zone. ¥Within Lituya Bay and at
the mouth of the Bay, all three species are important in the supra-iidal
meadows; however, along the outer coast (exclusive of the mouth of the RBay)

Honck@nya has low importance values while both Elymus and Lathyrus have
high values.

One interpretation of these data is that when samopling azlong the onter

coast the samplers designated the division between the bottom zone and the
supra-tidal meadow zone to the upper limit of Honckenya, vhereas within
Lituya Bay the zonal division was d.:.stmﬂulshed at the lower limit of Elyms
and Lathyrus. Since Worley did most of the sampling within the Bay., and
Streveler and Daniels did most of the sampling along the outer coast, such
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Table 5. Freauency, abundance and importance of Elymus arenarivs, Tonckenya
venloides, and Lathyrus maritirms in the supra-tvical meadow zone
(STi1) znd the bottom zone (5Z) for various geogranhical regions
(see Table 3 for explanation of symbols) of the study ares.
"Sites" is number of samples including the mne vper geographical
region. ( next ,oaje)
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| —— ——— —— — — — — S— i To— mrraten | S p— e ey

Sites STM 12 11 10 10 L : 9 23 2L l 56
Sites BZ 10 10 10 10 L | 7 20 2 | =
% Frequency l :
Elymus STM 100 100 90 90 75 l 100 100 88 | 95
Elymus BZ 100 100 30 60 50 | 8 100 k6 |- 73
Honckenva STM ) 36 70 100 100 i 89 39 &3 ' €8
Honckenva  RZ 30 100 100 100 100 | 100 95 100 | a8
Lathyrus STM 100 100 100 S0 100 | 89 100 96 I 96
Lathyrus BZ 100 90 %0 0 "o | & 95 13 I 55
Mean Abundance { |
Elymus STH b3 4,3 2.5 2.9 2.0 | 3.7 4.3 2.6 | 3.5
Elymus Bz 3.0 2.8 0.6 1.8 1.3 | 2.4 2.9 1.2 | 1.9
Honckenva STM 0.8 0.8 1.8 2.8 2.3 | 2.3 0.8 2.3 | 1.0
Honckenya BZ 3.2 2.7 3.5 2,5 3.5 | 3.1 3.0 3.5 I 3.3
Lathyrus STM 4.8 5 3.k 3.1 4.0 | 3.6 L,0 G 3.7
Tatnyrus BZ 3.4 2.3 0.6 l 3.2 2.9 0.3 } 1.7
Importance Value { l
Flymus ST 86 86 66 69 s | 81 5 66 | oo
Tlymus BZ 75 73 20 45 36 | 63 4 33 | s2
Honckenya STM 28 25 50 7% 69 | 6l 26 63 } L8
fomokenya  BZ 2 73 79 7 79 } % 73 79 L
Lathyrus STM 90 76 L3 71 83 | 75 83 76 | =9
Lathvrus  BZ 78 64 20 0 0.4.70 72 . 9, k2
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Figure 12,

Importance values of Flymus arenzrivs (Ely), Honckenvz venloides
(Hon), and Lathyrus maritimus(Lat) in different geogravhical
regions of the study aresa ror the supra-tidal meadows (numbers

on left) .and bottom zone (numbers on right) of the beach comrumity.
Certain key values (see text) are highlichted. (nexi page)
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a bias is possible,

Overall, for both zcnes, Flymus and Lathyrus have high imporiance values
( mean I.V.'s of 78 and 78 respectively) along the outer coast including
the mouth of Lituya Bay, but much lower importance values within the Bay
(mezn I.V.'s of L8 and 37 respectively). Fonckenya, on the other hand
has greater importance within Lituya Bay znd the mouth of the Bay, than
along the outer coast away from the Bay (mean I.V.'s of 71 and 50 respec-
tively).

I suggest that subsirate, age of terrain, successiocnal secuence, and sea-
vigor play important roles here. Within Lituya Ray depositioral shores
are limited in extent, often thin veneers, and usually fairly steep;
similarly, the wave and tide ercded shores of moraine materials ars typi-
cally fairly steep. A4lso, storm beaches are youthful and. small, having
had but 19 years for development following the last wave. Conseruently,
beach zones tend to be cuite narrow. Furthermore, circumstances are such
that aggressive woody plant growth, especially by deciduous irees, extends
to, and sometimes on, the storm beaches. By contrast, the cuter coast
beaches commonly include elevated sand deposits that are essentially level
and often very broad. The height of the vegetated surface is sufficiently
low to have direct sea influence, but sufficiently high to become ultimately
foresteds For undetermined reasons the forestation on these deposits is
very much slower than in the wave denuded:zone of Lituya Bay, and does not
include deciduous trees - the initial colonization being solely by Picea
sitchensis. It would appear that the fortuitous height of the beach
deposits of the outer coast, in concert with the slow succession by woody
plants, provides an abnormally favorable setting for supra-tidal meadow
development - hence the orominence of Elymus and Lathyrus (and the many,
less important species), Within the Bay, on the otner nand, there hes
been 1ittle time for depositional beaches to replace the siteep shores,
thus restricting the develooment of extensive meadows.

Conversely, Honckenya on the sandy beaches of the outer coast must contend
with very active subsirates, both depositional and erosionzl. The more
stable bottom zone within the Bay thus permits more vigorous Henckenra
growth. :

Lituya Bay Forest "Face™

Introducticn:

Forest succession at Lituya Bay féllowing denudation by the 1958 wave has
been exceedingly rapid (cf. Lawrence 1976). Except for an area on the north
shore north of Cenotaph Island, and isclated patches here and theres, most
of the low elevation, wave scoured terrain east of the neck of the Bay

(the "neck" of Lituya Bay as used here is determined by the points of land
demarking the easternmost extent of Anchorage and Harbor Coves), in the 19
years since the wave, has attained closed, or nearly closed, canopy wood-
lands of tall shrubs and/or trees ranging from 1.5 to 12 meters in height.

No vegetation samples were taken from within these woodlands, but in the
course of sampling the Beach Commnity between the woodlands and the sea,
the character of the face of the forest was documented. This documentaticr
provides a partial characterization of the forest/beach interface, an
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ecotone likely of major ecological siznificance, and an initial lcok at
sea-margin forest edge succession in an environmental and historiczl setting
other than isostatic-eustatic adjustments and depositional-ercsional dy-
namics.

The forest faze was defined to be the edge of the woodland commmity
(denoted by trees or tall shrubs, at least 1.5 meters in height) as it
abuts the landward edge of the herbaceous meadow of the Beach Comrmunity.

In most locations there was a very distinctive interface between the
herbaceous and woody plant communities, but occasionally the trees were
scattered or clustered with open.areas among them. ¥here the trees were. -
scattered, or where one cculd see well back into the wooded plant community,
only those trees which bordered the landward side of the herbacecus teach
commnity were included in the data.

t each station, the abundance of each woody species ag it contributed to
the face of the woody plant commnity was determined 2 la Worley (1975).

Heights of the trees of the forest face were recorded by noting the t=llest
and shortest canopy trees. Thus, a height record might be L-11 meters,
indicating the canopy varied in height from L-11 meters. Heights were
estimated to the nearest meter with a presumed accuracy of 1C-154.

Ten samples on the northwestward shore, eleven samples on the southwest-
ward shore, and two on Cenotaph Island comprise the sampling (Figure 13).
Note that no samples were taken east of Cenotaph Island and there ars no
samples from Anchorage Cove or Harbor Ccve, there being no well defined
forest face behind the beach at those coves.

Species Richness:

A totel of six tall woody plant species occur in the forest face: Alnus
crispa, Alnus oregona, Picea sitchensis, Pooulus trichocarva, Salix sitchensis,
and Tsugz heterovhylla. No sites had all six species at the forsst faces
however, three sites nad five species. Figure 13a shows the geographical
variation in species richness; the south shore of Lituya Eay contains 199
more species on the average than the north shore - 3.8 species per samrle

vS. 3.2 species per sample. The two samples from Cenotaph Island both had
four species. The westernmost five samples, three on the north side, and
two on the south side, have fewer species (2.6) than do the remaining

sites in Lituyz Bay, which average 3.8 species per site (L6% more). Thus,

in the main body of Lituya Bay, including Cenotaph Island, there is an
average of about four tree species per site, only slightly lower on the north
shore; whereas approaching the neck of Lituya Bay, the number of tree srvecies
reduces to less than three per site (this trend is opposite that of the

Beach Comrmmnity),

Distribution of Indivicdual Species:

Almis crispa 1is found at nearly all stations except those at the neck of
Tituya Bay (Figure 13b). On the north shore of Lituya Bay, it has an
azbundance value averaging 2.2, whersas on the south shore of Lituyz Bay the
abundance value averages 2.7. Similarly there is a tendency for the apbun-
dance of Alnus crispa to increase with distance from the mouth of the Bay.
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Figure 13,

Richness and svecies abundance of "forest face" trees at
Lituya Bay. The larger numerals are averages for the north
shore samples, the Cenotaph Island samples, and the south shore
samples respectively.
a) The small numerals are the number of tree species recorded
in the forest face per sample.
b) = £) The small numerals are the atundance value (ses text)
for each species at each sample:
b) Almis crisna
¢) Salix sitchensis
d) Populus trichocaroa
e) Picea sitchensis
f£) Alnus oregona

(}1 eré,ﬂﬁ;lé]
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Salix sitchensis, like Alnus crispa, is least common near the mouth of
Tituya tay (Figure 13c). But, unlike Alnus crisva, it is more abundant

on the north shore, having a mean of abundance of 2.2 versus the south

shore mean abundance of only 1.7. Both species are present at low abundances
on Cenotaph Island, at the two sites sampled.

Pooulus trichocarpa is clearly a species of the middle bay (Figure 13d).
Of the sampled sites, it occurs in greatest abundance on Cenotaph Island;
and it is most frecuent and abundant at the sample sites farthest from the
neck of the Bay. It has a greater average abundance on the south shore
than the north.

Picea sitchensis has a pattern noticeably different from the preceding
Species (Figure 13e). TIts highest abundances are near the neck of the Bay,
and it occurs with low abundance and sporadic occurrsnce in the forest

face at sites farthest from the neck of the Bay. At the westermmost sites,
spruce has its highest abundances, in part because of the nearness of mature
forest which was not eradicated by the 1958 wave. Spruce occurs with similar
frecuencies and abundances on both shores of Lituya Bey.

Like spruce, Alnus orsgona appears to be more freauent near the neck of the
Bay, at least on the north shore of Lituya Bay (Figure 13f). The species is
clearly more frequent on the south shore where it has greater stature, and
is a much more impressive component of the forest fzce. It has a mean
abundance value of 3.6 along the south shore, but only 2,1 on the north
shore,.

Thus, it can be generalized that there are fewer species of irees in the
forest face near the mouth of Lituya Bay, and there are fewer tree species
per site along the north shore. Picea sitchensis and possibly Alnus

oregona are most frecuent and abundant near the neck of Lituya Eay whereas
Popuius trichocarpa, Salix sitchensis and Almus crispa are clearly more
freement and abundant at a distance from the neck of Lituya Bay. The last
three species are species of successional deciduous woodlands in the general
study area along the outer coast; whereas both Picea sitchensis and Alnus
oregonz are species of more mature forests.

It should be noted that Tsuga heterophylla appeared at only four sites,
which. is not unexpected during earl; successional stages, it beingz a tree
of shaded forest sites. I can suggest no significance in the fact that
spruce and willow have their greatest average abundances on the north
shore and the two alders and cottonwood have their greatest average abun-
dances cn the south shore.

Species Composition and Community Structure:

The plexus of sites (Figure 1h), based upon species composition and
abundance, segregates the sites into three sub-groups, one contzining but
a single sample ("¥"), Sample "Y" is on the north shore and is the only
site where succession appears to still be in a very youthful phase. At
this site is the Lathyrus-Lupinus beach meadow sub-commmnity. Woody plants
are low, often less than 2 meters tall and well scattered. The only two
species of woody plants at the site which could be considered to be part
of a forest phase were small scattered Salix sitchensis and Almus crispa.
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Figure 1k, Plexus of forest face samples from Lituya Bay. The broad
lines indicate similarity values 0.75-1.00; the narrow lines
indicate similarity values 0.60-0,Th; the dotied lines
symbolize the very hich degree of similarity among all the
samples of the large circle of the plexus. Sample "Y" is .
discussed in the text. Ac-Ss is the Alnus crispa-33lix sitchen-
Sis sub-group.
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The two principal clusters are best considered sub-groups of a gradient
(Worley, 1977). The larger sub-group consisting of 17 samples is highly
integrated. The mesn number of similarities with which any single point

is tied in with other points which are erual to or greater than 0.60 is
10,5, 66% of all possible. Furthermore, the mean number of similarities
equal to or greater than 0.50 is 1h.5, or 85% of all possible. The mean

of all similarities among all members of the large cluster is 0.62, thus
noting a hichly cohesive unit. If one considers only the 5 samples of the
smaller cluster which are not included in the larger clusier, then 1004

of all possible similarities among those 5 sites are ecual to or greater
than 0.50, the mean being 0.73. If one considers all 8 samples of the
smaller cluster, 96% of all similarities are egual to or greater than 0,50
and the mean of all similarities is 0.,67. Finally, if one considers the
percentage of all possible similarities between the samples of the smesller
clusters and the samples of the larger clusters, when shared sites are

not included, 90% of all possible similarities are less than 50. Therefore,
it is certainly legitimate to separate the two clusters as sub-groups along
a gradient.

The sub-group of the forest face commmunity which is represented by the
larger cluster (excluding the 3 shared sites) is characterized by high
species richness of woody plants (L4.0) with the three successicnal species
Alnus crispa, Salix sitchensis, and Pooulus trichocarpa being the most
important (Table 6). The three samples which are included in toth clusters
have a lower richness intermediate between the clusters of 3.7. These
three samples have similar species to that of the prineipal cluster with
the exception of the absence of Populus trichocarpa, but the species

are in reverse order of importance with Alnus oregona and Picea sitchensis
being the vrincipal species (Table 6). The smaller cluster completes the
transition of species composition with Picea sitchensis the most atundant
and fremuent species followed closely by Alnus orecona, there beinz a
complete absence of Populus trichocarpa and Alnus crispa. Note that in
the transition sites zlnus orecona is the most important svecies, whereas
in these sites it is zlmost ecualiy important to Picea sitchensis,

It is therefore possible to consider the gradient which begins at samrle
WP and ends with the smaller cluster as being akin to the successional
secuence of tall woody plants at Lituya Bay. The early woody svecies are
Salix sitchensis and Alnus crispa, followed by Pooulus trichocarpa, then
ATrmus oregona, and Picea sifchensis, As time passes, Alnus orecona becomes
most dominant with high importance of Picea sitchensis and Salix sitchensiss
by this time Alnus crispa has begun to be shaded out in many places.
Ultimately, Picea sitchensis along with Alnus oregona form a tall wood
canopy later succeeded by & spruce forest containing some Almus and seedling
hemlocks. The high percentages of Alnus oregona at places in Lituya Eay

do not appear to be mirrored further down the coast along the beaches.
However, a similar successional pattern may be the case in the sloughs or
fluvial deltas behind the beaches ncrth of Lituya Bay.

The forest face at Lituya Bay as it abuts the herbaceous beach commnity

is clearly successional., It is not the same forest face that one finds
abutting tidewater beach communities elsewhere along the outer coast (Worley
and Streveler 197h, Worley 1976, also this study) where spruce abuts

the meadows or srruce with a zone of Almis crispa form a marginal woody
plant commmnity. Thus it would seem That the marginal fringe of Alnus
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Table 6. Tall woody plant composition of the forest face sub-groups.

Site "T':

Abund. Value

Salix sitchensis %

Alnus crispa 2

Alnus crispa=-Salix sitchensis sub-group (excludes sites in transition with

the following sub=-group):

Ave. Abund. % Freq. T Vs
Alnus crispa '_ : 3.4 100 78
Salix sitchensis 2.4 93 67
Populus trichocarpa 2.4 79 59
Alnus oregona 2.2 6L 50
Picea sitchensis 1.4 57 4o
Tsusa heterovhyvlla 0.1 7 7

Picea sitchensis-Alnus oregona sub-group (excludes sites in transition with -

the ﬁre“icus sub=group) :

Dicea sitchensis 3h 100 78

Alnus orezona Je2 100 77
Tsuga heterovhylla 0.8 40 27
Salix sitchensis 0.4 20 13

Compositidn of transition between preceeding two sub=-groups:

Alnus oregona L3 100 86
Picea sitchensis 2.3 100 69
Salix sitchensis 2.0 100 &7

Alnus crisoa 1.7 67 L7




crispa so common between spruce or spruce-hemlock forests and the tide-
water interface in southeasterm Alaska must arrive as a secondary effect

of succession and is not necessarily established with initial colonization
by Alnus crispa. It would be interesting to know why or how Almis crispa
functions ecuite distinctly as a colonizer of terrain, and as zn ooporiunist
betreen the spruce forest and herbaceous meadow. Noting that Alnus crisna
does not form 2 fringe between spruce forest and extensive beach meadows
where the substrate is sand, as is seen along the outer coast, one wonders
if the presence of the band of Alnus crispa along rocky ccasts may indicate
succession which is occurring either because of isostatic or tectonic uplift,

" The distribution of the subgroups along the shores of Lituya Bay shows
that the Picea sitchensis-Alnus oregona sub-group occurs only at the neck
of Lituya Eay; that the three transitional sites are generally clcse 1o
the neck of Lituya Bay; and that the Alnus crispa-Salix sitchensis sub-
group occupies the remainder of the Bay at least as far as Cenotaph
Island. The one site still in an early successional stage was sampled

on the north shore of Lituya Bay northwest of Cenotaph Island.

Tree Heights:

The south shore of the Bay had the tallest canovy trees, averaging 31%
taller than those of the north shore., The tallest trees along the south
shore averaged 9.20 m tall per site in contrast with an average of 6.55 m
on. the north shore.

Sixty percent of the south shore sites had maximm canovy heights 9 m
or more, whereas 709 of the north shors sites had maximm canopy heights
of 8 m or less (Table 7).

Maximm tree heights were little patterned with respect to distance from
the mouth of the Bay except that the shortest maximum heights occur on
the north shore neer the coveto the northwest of Cenotaph Island.

Mean canopy heicht was calculated by averaging the two heights recorded
for each site (see above). As with maximum heighis, the south shore had
a greater average canopy height, 6.l m compared with L.7 m for the north
shore., Siie for site, west to east, and north shore versus south shore,
the westermmost thres sites have the same averzge canopy heights, wheresas
for the remainder of the sites, farther from the mouth of the Bay, the mean
canopy heights on the south shore average 2.9 m taller (61,59 taller).

Canopy height variability was calculated per site as the difference in
height between the tallest and shortest canopy heights. The south shore
average greater variability, 5.2 m vs. 3.85 m for the north shore, partly
because of the taller canopies. The greatest variability on the north
shore occurred in the central sites, whereas the converse was true for
the south shore sites., Percent variability (maximum height minus minimum
height, divided by maximmum height times 100) averaged the same for north
and south shores (55.6% vs. 57.6%), with the site by site variation ex-
hibiting the same patterms as the absolute variation.

Thus, the south shore has taller trees (3L% taller), taller average
cancpy (36% taller), and greater variability in canopy height per site
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Tzble 7. Tree heights and distribution of tree heights of the forest face.

Height of < of 4 of
tallest canopy tree North Shore South Shore
(m) Sites ' Sites
11-12 : 0 20

9-10 30 Lo
7-8 30 30
5=b ' 10 10
3=l 20 0
less than 3 10 0

(35% greater). Near the neck of the Bay the canovies on north and south
shores were equivalent in height, but farther from the neck the south
shore canopies are 61.5¢ taller than their north shore counterparts.

The greater vigor of the south shore weoody vegetation seems most likely
due to its more protected setting from storms, which are predominax 17
from the south during the growing seascn.

Summary:

The edge of the successional woodlands at Lituys Bay typically consists

of about 3.5 tree species averaging about 5.5 m tall. The south shore
trees are more diversified (199 more species per site than the north),

have taller trees (3L4% taller) and a taller canopy (36% taller), than does
the north shore, whose woody plant succession is somewhat, to considerably,
retarded.

Alnus crispa, Salix sitchensis, Pooulus trichocarvz and Alnus oresona are
A k] -] >

common constituents of poth shores, all butv 5. sitchensis most avundant on

the south shore.

The portion of the Bay east of the neck has L6% more species per site than
at the neck, with Alnus crispa, Salix sitchensis and Ponulus trlcbcra*nn
in greatest abundance. At sites near the neck Ficea sitchensis and Slinus
oregon2 are the prominent species.

Consequently, the overall pattern is one of successional, deciducus nlant
species predominating except at the neck of the Bay; the most vigorous
growth along the south shorej; and the most retarded growth at sites on

the north shore and behind the coves near the mouth of the Bay. These
differences are most likely attributable to protecticn (or lack theresof)
from storms, availability of seed source, and (unknown) subsirate differences.

Other Plant Communities

Forests:
Twenty-eight vegetation samples of forested sites were taken in the study

area from the vicinity of Topsy Creek northwesitward to Justice Creek.
Nineteen of the sites are on beach deposits, seven on moraines, and two
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on bedrock; all are within a few hundred meters of the Gulf of Alaska,

Tach sample consisted of a complete listing of all vascular plants present
in an area 20 to LO meters in diameter (Streveler et al, 197L); the most
abundant species were specially noted. No abundance values were determined,
nor were bryophytes recorded. '

From the presence-absence data, a2 similarity matrix was generated for all
samples. Plexus diagrams provided displays of cluster patterns.

At no levels of similarity is there distinctive cluster segregaticn. At
the 0.70-1.00 level five samples with mature forests form a tightly-iknit
plexus, separate from three related samples of younger forests, ad a third

group, of only two samples, both immediately adjacent to the sea.

Twenty-two samples compose the only plexus (Figure 15a) at the 0,60-1,00
similarity level., The plexus has a central core with a number of peripheral
samples. The ten, highly similar core samples are characterized vegetation-
ally below.

At the 0,50-1.,00 similarity level all samples participate in a single
plexus (Figure 15b), with a highly interrelated core of 20 samples which
is characterized below.

The clustering of samrles provided b7 these data and the use of the simi-
larity index does not conform to one's expectations based upon vegetation
physiognomy, forest age, distance from the sea, substrate, or geographical
location. Three of 15 samnles of youthful forests and five of seven samvles
of mature (not including parkland samples) foresis cluster at the 0,76~
1.00 similarity level, However, at the 0,60-1,00 similarity level, the
principal cluster includes samples of 2ll ages; and at the 0,R0-1.00
similarity level all samples belong to a plexus in which sample ace plays
no role in determining the strength of association or gradients wi.thin the
plexus. At no similarity level do distance from sea, subsirate, or gsograph:
correlate with clusters or gradients of samples. Therefore, sualitative
sampling of only vascular plants is inademuate to separete forest types
according to their age, substrate, distance from the sea, gecgraphy, or
other parameters. Since the biotic structure of the forests sample has
considerable variation to even the untrained eye, further forest analysis
and characterization is recommended. In addition to variation correlative
with the four parameters mentioned before, there clearly is variation in
biomass, productivity, stature, dominance, diversity, strata, bryoohytes,
successional status, groundwater regime, and topography.

Thus, high degrees of simllarlty among forest samples based upon species
composition is known for both the Dixon Harbor and Lituya Bay study areas.
Air vhotos demonstrate that gradients dominate the lowland forests of the
Lituya Bay areaj; gradients of height, density, size of individual trees,
darkness of canopy, and species composition are the most prominent.

Worley (1977) determined and characterized the forests of the Dixon Harbor
area, Yot surprisingly the principal assemblage of forest samples of the
Lituya Bay area is most similar with the "Spruce Dominated Forest" of the
Dixon Harbor area (because of the limited data for the Lituya Bay forests,
the compariscn was based upon the eight most important or most frecuent
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Figure 15.

Plexus mappings of the forest samples. The broad lines-
indicate similarity values 0,75-=1.00; thes narrow lines in-
dicate similarity values 0,60-0.7L; the dotted ‘lines symbolize
the very high degree of similarity among all the samples of. -
the large circle of the plexus (b). - Fizure "a" is the 0.60-
1.00 plexus; the ten samples used to characterize the core of
the plexus (see text) are the leftmost ten samples. Figure
" is the 0.50=1,00 plexus. Cnex# PAGE)
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The "Spruce Dominated Forest" was represented by sites "near sea atop
cliffs, by beaches, or on stream deltas . . . (with) . . . other sites on
vouthful outwashes and floodplains. . . . (The) majority of the sites are
clearly successional « . o and associated with beach or outwash systems."
Thus, the habitats of the Dixon Harbor "Spruce Dominated Forest" are
comparable with the Litvya sites. It seems reasocnable to extend the name
"Spruce Dominated Forests" to both the principal clusters of sites, that
containing similarities 0.,60-~1,00 zlong with the one with similaritiss
0.50 or more.

vascular plant species, yielding a presence-absence similerity of 0.88 ).

The ten samples belonging to the 0,60-1,00 cluster are characterized by
abundant spruce and high frecuencies ($0-100) of hemlock (often as seed-
lings and saplings ) , devills club, Vaccinium ovali folium, Pubus redatns,
Cornus canadensis, Maianthemm dil**"tum, and Jryocteris d*ﬁatnva Eizht
additional species occur in half or more of the samples: Menziesia
ferruginea,’accinivm parvifolium, Streptorus amplexifolins, Vaccinimm
alaskensis, Gymmocarpium dryovnt er:s, Alnus orsgona, Listera cordata, and
Moneses uulfiora.

The cluster of forest samples at the 0,50-1,00 level has a SpeciES compo-
sition little different from that just described. Seven of the eight

most frequent species are the same, with Streptovus amnleyifolius replacing
Dryvopteris dilatata as the principal large herb. Only five aaﬁ“aional ;
species occur in at least ten of the 20 samples: Alnus oregona, Eubus

spectabilis, Vaccinium parvifolium, Dryooteris dilatata znd vor.eses mniflora,

Although unsampled in the Lituya Bay study area, the prominent moss under-
story of these forests appears similar to that described (Worley, 1977)
for the Spruce Dominated Forests at the Dixon Harbor Study Area.

For the most part, the foresis represented by these samples are closed

canopy spruce forests cfvaricus agns, with lush moss carpeis over soil
and deadfall. ZHerbaceous, sub-shrub, and shrub uvnderstories are often
sparse, though occasicnally dense and rich in species. At some sites
seedling and sapling hemlocks combine with Vaccinum ovalifolivm (or v.
parvifolium) to form a dense tall shrub sub-canopy.

Parkiands:

Four parkland samples located on the sea-facing moraine slonmes scuth of
Harbor Point%, included in the anzlysis above, have a mean inter-sample
similarity of 0,50, compared with O,L3 for the Dixon Harbor study area
parkland semmles (Mor ey, 197%). Two vascular plant species dominate the
physiognomy and biomass, rroviding the parkland character in the abtsence
of numerous shrubs and/cr tall herbs: Picea sitchensis and Calamacrostis
canadensis, The low, broadleaf plants Maianthemum dilitztum and Cornus
canadensis are frecuent and abundant among various mosses within the dense
Calamaczrostis. Vacciniwm ovalifolium and V. parvifolium, the herbs Conic-
Selinium chinese, Polypodium vuigaris, and Strentoous amplexifoliuvs, and
occesionally other herts occur in small amounts here and there in the
parkland sites.

Among the most frecuent and more important species shared between the
Lituya Bay and Dixcn Harbor parklands are Picea sitchensis, Calamacrostis
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canadensis, Maianthemum dilatatum and Vaccinium ovalifolium. For the most
part there is little similarity in species composiiion between the two
areas. Notable by their absence at the Lituya sites are Carex macrochaeta,
Dryopteris dilatata, and the moss Trachycystis flagellaris (sought but
never found in the Lituya Bay study area).

Parklands in the study area appear common on the moraine slopes a2t the
sea at Lituya Bay, and presumably occur at similar settings at Fairweather
and La Perocuse glaciers., They are not known currently from other locations.

Forest Fringe by Wetlands:

Adjzcent to the sloughs and wetlands north of Lituya Bay, on the landward
fringe of the forested bar is a zone of dense vegetation with a prominent
deciduous canopy. Two sites were sampled near Justice Creek. Both sites
had abundant Almus oregona, Picea sitchensis, and Rubus svectabilis,along
with Echinopanax horridum, and either Pooulus trichocarmz or Samcucns
racemosa contribuiing considerable woody biomass at all levels of the sites.
These well=lighted sites also have rich herbaceous understories including
Athyrium filix-feminia, Osmorrhiza sp., Actaea rubra, Dryovteris dila=tatz,
Streptopus amplexifolius, Maianthemum dilatatum, and at least five aaditional
herbos.

Marshes:

From the marshes north of Lituya Bay but three vegetation samples (vascular
plants only) were taken, all at the Justice Creek Marsh. That mersh is

a complex of three prevalent physiognomically distinctive vegetation types,
whose location appears directly correlated with the degree of paludification.
A willow dominated carr (shrub wetland), which was not sampled, is the other
major non-forested vegetation type of the wetland.

In standing water is a sub-community of the marsh commmnity, the Eleo-
charis-Erisetum sub-commmnity (this title is tentative, being based upon
a single vegetation sample). Three emergent species dominate: Elsccharis
palustris, Eeuisetum fluviatile, and Fenisetum palustre. Scattered here
and there are individuals or cluste"s of Carex cf, acuatilis, Cileute Donglasii -,
_%_ich*tan americanum, Caltha palustris and Hipouris vulegaris. This assemblage
low, narrow leafed and stemmed plants, with occasional broad-leafed
individuals, in shallow water is sinilar to sites in the basin of the former
North Deception Lobe Lake and the Dixon River marsh (Werley and Streveler,
197h), and sites in the wetlands of the Gustavus outwash (M. Worley and I.
Worley, - unpublished data).

At sites somevhat less wet, species richness increases markedly (in our
samples from 8 species to 22 species), primarily throughthe addition of
broadleaf herbs and low shrubs, The sedge Carex cf. aruatilis dominates
physiognomically. Conseauently, in the field this vegetation GUype is Seen
as a sedge meadow. DBecause of the visual (and perhaps biomass) dominance
of Carex cf. aquatilis, and the abundance of four species of Er~uisetum
(E. arve arvense, 5. fluviatile, E. palustru, E, variegatum) this vegetation
type 1s tentatively vitled the Carex ci., zeuatilis~-rauisetum Spp. Sube
community of the marsh commmnity. In our samrle, Cicuta Bouglasii and
Caltha palustris were also abundant. Other uncommon or scarce species at
the site included the woody plants Picea sitchensis, Salix tarclavi, and
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Myrica gale, the tall herbs Angelica genuflexa, Iris setosa, Deschamnsia
ct, beringersis, and Pumex fenestratus, and the shorter herbs Lysichiton
americamum, Scirnus nicrocarous, foilobiuvm glandulosum, Hivouris vulzaris,
Parnassia palustris, Platanthera dilatzta, and Potentilla nalvstris.

At less wet marsh sites, adjacent to the bordering fringe of forest,

there is a lush vepetation type, rredominantly marsh, but in part a tran-
sition (in character, not necessarily in location) with low czrr., Thysiog-
nomically prominent is the tall and often dense Scirmus microcarnus. Also
abundent are low (i.e., generally less that 1.5 m in height) Snruos.of
Salix barclayi, and S. sitchensis, and the low herbs Caltha pzlusiris and
Oenanthe sarmentesa. 1The tentacive sub-commmaity name is Scirnus micro-
carpus-Salix spp. Sub-commnity of the marsh commumnity,

Containing four more species than the preceding sub-community, this tall,
dense vegetation assemblage adds to the list of woody species Alnus orssona,
Rubus svectabilis, and Viburnum edule, Added to the list of taL. heros are
Athyrium filix-Temina, Calamagrostis canadensis, Elymus arenarius, and
Sanguisorva stipulata (two dominants of the rpreceding site, Carex cf,
acuatilis and Cicuta douglassii, are absent in this sub-cormmunity). The
low hero composition changes markedly between the two sub-commmitiess

these species are present in the last-mentioned sub-cormmunity: Renunculus
pacificus, Achilles borealis, Epilobium glandulosum, Emisetum arvense,

E. palustre, 5, variegatum, Plantanthera dilatata and Potentilla ecedidi,
— Bt ——. - = =

The Scirpus-Salix sub-community contains many species commonly associzated
with peach locations. In fact, if one were to exclude the prominent genera
(Oenanthe, Salix, Scirpus and Caltha) the remaining 21 species provide a
species composition not unlike beach sites along a stream mouth or other
fresh-water source,

For the purpose of discussion, consider the samples as A, B, and C, in
the order described sbove.

One hundred percent of the species in A are found in 2, whereas L7¢ of

the species of B are found in C (25% of A species are in C). The only two
species occurring in all three sub-communities are Eruisetum palustrs and
Caltha palusiris, both abundant in two of the sub-commnities. lone of the
species occurs only in A; 2 of 30 species (7%) occur only in B (Parmassia
palustris and Potentilla palustris); whereas 12 of 31 species (35%) of ©

are unicue to 1%, including two of the abundant species (Qensnthe sarmentosa
and Salix sitchensis),

The three marsh sub-commnities consist of a gradient of spvecies composition
change, wherein the physiognomically dominant species provide the sub-
commmity distincticns.

The extension of these sub-commmmities to other marsh sites north of Lituya
Bay is untested by sampling, but casual ovservation confirms genersl similr

ity throughout the marsh complexes at the level of gross physiognomy.
A Grass& Meadow:

A grassy meadow occupying the former channel of Portage Creek was sampled.
This channel was abandoned by the creek around 1920 and has subse~ently
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been used by prospectors and other persons. Vegetation within the channel
was bull-dozed 10-20 years azo, Very high seas often invade the chamnel
from the southeast, perhaps forcing saltwater as far as the sampled site
1/h - 1/2 mile northwest of the present Portage Creek mouth. The sample
contains a remarkable L1 species including 26 short herbs, 10 tall herbs,
3 shrubs, and younz trees of Almus orecona and Picez sitchensis, Mozt of
the species are typically found on the study area beaches; a Iew zre most
commonly foun in drier portions of freshwater marshes; none of the species
was recorded to be especially abundant.

A Peatland Sample:

A single large sample of peatland vegetation was made at a pine deminated
site on the 122 m (L4OO ft.) elevation terrace 1/2 mile north of Topsy
Creek. The vascular plant species 1list contains 37 species, far mor=s than
the mean of 2D reported by Worley (1977) for peatlands in the Dixon Harbor
study area. The sample is most like the Slope Peatland Sub-community
(Worley, 1977) with the most abundant species being Pinus contorta with 2
graminoid understory cof Carex cf. nau01florus, Trichopnornm casspltosum,
and 5 other, less abundani species, but is noticeably rich in woody plant
species (15) and broadleafed herbs (1L species). The number of species
and their composition are very much different from the peatland cn
Pleasant Island at the mouth of Glacier Bay (Reiners, et al., 9?1), also,
there is low similarity with the peatlands described socuthward in sout
eastern Alaska by Neiland (1971)s

Three et Sites:

Vascular plant species lists were compiled at three various wet sites

north of Topsy Creek: an alder-skunk cabbage dominated slough in a silty
flat through which a low gradzent stream meanders, and which is separated

from the beach by an alder shrub fringe; an emergent aquatic dominated

edge of a marshy pond 150 meters distant from the beach; and the Calzmacrostis
canadensis dominated pond shore. No similar sites have been sampled 2T Dixon
Harbor(norley and Streveler 197k, Worley 197k, 1975, 1977) or, to our
ﬂnowlndg elsewhere in Southeastern Alaska.

Two Alder Thickets:

Two alder thickets (Deciduous Shrublands, Worley 1977) of very different
origin were sampled: a wind-shorn alder-salmonberry thicket at the south
margin of the mouth of Steelhead Creek, and an alder thicket of the wave
scoured area just behind the beach meadow along the southwest shore of
Harbor Cove. The vascular plant species compositions of the two samwples
are quite different, neither hichly similar with any of the Deciduous Shrub-
lands reported from the Dixon Harbor study area (Worley 1977). The thicket
at the mouth of Steelhead Creek bears resemblance to the Shrub-Marzin Zone
of the Beach Community at the Dixon Harbor Study Area (Worley 1975), but
similarity indicies with any of the Sub-commmnities are very low. Mszny of
the understory srecies are typically found at sites in the Lituya Bay study
area where freshwater is available at a marine beach.

The Harhor Cove thicket is essentially az successionzl site with a canooy

of Alnus crisna over seedling Picea siichensis, Tsuga heterovhrylla and seven
e R

common beacn herbs,

1858



Vegetation Transects

Introduction:

Transects of the vegstation and zeomorrholozy 2t two beach sites wers
made during the summer of 1977. The following conments are meant to clarify
aspects of the diagrammatic representation of these transects (Figure 16
and Figvres 17 and 18;- latter two are in rear pocket). ﬁ
At the bottom of the illustrations are noted distances in meters. These
distances begin at arbitrary points and the numbers are used solely to assist
the reader in locating stations along the transect. Also indicated are the
sampling stations (eg. SC-L) used by other investigators in this study, for
example during bird and soil observations. The ground surface was surveyed
using tape and hand-held inclinometer. The inclinometer had a precision of
approximately one-half degree. Survey points are marked by ticks between
which straight lines are drawn. Mean sea level relationships were determined
by reference to the figures of Molnia (this volume). The ground surface
vertical exaggeration is 3x. The vegetation vertical exaggeration is 2/3x.
Thus, the ground surface is L.5x the vegetation. Vegetation heights ars
somewhat exaggerated for low vegetation. Similarly, boulders, driftwood,
stumps, and fallen timbers are somewha® exaggerated in height. The illus-
~ trations represent the vegetation and topographic conditions along the
transects in generalized form, occasionally synthesizing information ad-
Jacent to, but not along, the specific transects. Species composition,
branching patterns, surface materials, and bryovhyte locations szre showm.
The illustrations do not accurately represent treze densities, due o0 the
" scale exaggerations. Also, nnderstory density and diversity is sometimes
under-portrayed. :

Unless otherwise indicated, those trees for which cores werse extracted
are the largest irees of that species at the site. In the text, he term
sapling is used for individuals taller than 1 m with a2 dbh less than § cm.
Seedlings ars individuals of trec species less than 1 m tall and less then
S (=) years old. Only live trees are shown in the illustrations; wherever
pole stands are indicated, there are usually numerous dead and Gying indi
viduals not figured. Note that for trees a diagram indicates species,
height, thickness of canopy, pattern of branching, dbh, and germination
substrate,

dbh Dating Compensation:

In order to determine approximately how many years pass in the growth o

a tree before it reaches dbh height (1.L m), ten young spruce from oven
meadows were dated via whorl counts and/or coring at the root/stem transition
zone. The strong positive correlation (r=0,90, Figure 19) between age and
height allows compensation for growth to dbh height when determining the

age of older trees. The intersection of the regression line by dbh height

is 6.0 years.

Thus, for all trees in this study, including hemlock and red alder, & years
has been added to ages determined by corings at dbh height. It may be
that 6 is too large for red alder, and perhaps hemlock as wells; however,

in the absence of actual samoling, I have chosen to a2dd 6 vears to all
three species,
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Figure 16. Key to vegetation transect symbols.
(Figures 17 and 18, rear pocket)
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Figure 19. Age wversus height for young Sitka spruce
in the supra-tidal meadows near Steelhead
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Portage Creek Transect = Description:

This transect (Figure 17) is the "PC" transect of “eisbrod (this volume),
and begins very near the southern limit of beach r~p°0ﬂs north of Portage

Creek. Because of the length and sometimes gentils sloves of this transect,
it is pecssible that the ground surface survey is in error by some dezre=, .

The most likely sources of error are nlscalcuWanlcr of minor ﬂlores, as
the precision of measurement was 0,5°

The two stream associated, Alnus oregona stands (28-38, 55-62)% are very
similar with prominent, 3 m tall Zubus spectabilis thicket understories,
The alders are generally unbranched to 10 m or so, and provide a closed
canopv. Along the banks of the former stream channel (ve“hans a flood
course) are occasional Salix sp. (not 1¢_u5tratad) The dense sedges and
forb s occupy the herbaceous commmity of the channel,

On the former stream bottom (6L-~73) there are branched and unbranched,
large, very old red alders; large open grown Spruce; seedling and s*wliﬁg
spruce; and a characteristic forest understory of mosses, herbs, Rubus
spectabilis and Echinopanax horridum.

The large sovruce at 73-81 are branched to streamside; there are many
hemlock samplings beneath.

The surfaces and slopes from 28 to 143 have no erosion rummels, indicative
of the rarid infiltration of rainwaters tﬂronﬂh the sands.

No driftwood remains were located by 2 cursory search on the slope 78-130,
although remants can be expected in the 78«93 secticn, eSﬁec1all beneath
the oldest snruce. These spruce have characteristic cones of litter (occa-
sionally burrowed by red squirrels) around their bases. This regicn is

- clearly the site of forest initiation, and is first generation.

Thrcuahcut the pole stand (93-130) theres is extensive natural thinning
of spruce due to shading, with many sub-canopy snags and stumrs (ceﬂera
10-25 cm in diameter). Their litter is abundant, and relatively undecaved.
The absence of large stumps or ancient litter Turﬁner ‘indicates first genera-
ion forest growth. A typical bryophyte carpet provides nearly 100% ground
cover, with most of the larger litter lying atop the bryophytes. Shrubs
(Vaccinium nlicinosum, Echinopanax horridum) and herbs (Contis, ¢ Strevtopus)
are very sparse.

It appears that the spruce first to establish (as evidenced by swollen
bases) in this pole stand area are now sub-canopy and dead or dying, being
overtooped and shaded by later arrivals. The size of trees diminishes

from meter 95 to meter 130. Hemlocks arrived much later, and if the
scattered saplings and seedlings all live they will ultimately provide

70% or more of the forest canopy. The hemlock are rooted in the bryovhyte
covered forest floor and in the litter cones at the base of unrucs tre:s.

In this zone red alder are very sparse, unbranched, with dianmeters 17-30 cn,

The former forest margin (131-136) is well marked by a line of larce old
spruce with straight boles and seaward branching. The boles do not broaden

% Tndicates position on transect, see figure 1.
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dramatically at the base as is the case with open grown indivicduals. It is
not clear whether they germinated on driftwood or not; but some sma2ller
individuals clearly did, although the driftwood is well disguised by decay
and bryophyte growth.

Smaller spruce (20 cm or more dbh) are sub-canopy and are frequently desd
or dying. As throughout the spruce forests on this slope (78-1LkL) there
are no seedling or sapling spruce. The largest hemlocks are 20 cm dbh and
quite uncommon; however, hemlock saplings are common.

The frequent red alder along this former forest margin may be 50-60 cm
dbh; they have no low branching and reach the forest canopy. Characteristi-
cally, they lean seaward and occur exactly on the line of the fores® margin.

The ridge crest (1hik) has little breadth; old drift logs lie about,
especially to the landward with the trunks perpendicular to the ridgs and
the root bases to seaward. Well decayed and hidden by bryophytes, the drift-
wood characteristically has spruce rooted in it.

The outstanding features of this site are the remains of Alnus crisrs

and the tall canony hemlock that germinated in their shade, Humerous, the
hemlocks rance from large canopy trees to saplings to seedlings., The Sitka
alder remains zre well rotted, with a2 few standing snags (the depicted
alder at meter 145 is dead).

Spruces along the ridge (135-148) display little branching, and do nod

exceed 30-50 cm dbh. Some groups of spruce cluster tichtly on a single
vpiece of drift; their dbh's are 15-30 cm. Most sub-canopy spruce suifer
from shading end many are dead or dying. - '

The slope 1LL-158 aprears to be an erosional surface. However, similar
tree ages on both sides of the ridge crest and this slope indicate that

the erosion was a minor event and that the 78-1Ll slope did not extend
significantly higher and more seaward,

Along this erosional slope, discontinuous open grown outlier trees with
heavy lower branches and very wide bases, and similar copses, form a canopy
with other spruce, hemlock and red alder. Some of the big soruce clearly
germinated on driftwcod, others may have, but it was not paessible o so
determine., All big soruce have litter cones at their bases, composed
primarily of branches and needles. A vigorous hemlock sspling canopy 2%
3-8 m overtops additional hemlock saplings and seedlings. Dead or dying
trees of any species are scarce. The understory contains the typical bryo-
phyte carpet with sparse herbs and blueberries.

The surface from 157 to 202 appears to have a similar history. Driftwood
up 0 1,3 m in diameter occurs throughout, though more acundant Irom 163
to 183. Somewhat decayed and soft, the bryophyte covered driftwood is
easily to hardly discernible. All, or nearly all, pieces of driftwood are
occupied by spruce itrees; thus, the spruce often occur in rows or clusiers.
Commonly, the driftwood lies at right angles to the shorelins.

Probably a former gallery, the low area (157-163) supports mostly tall

trees with no more than small branches. From 163 to 183 some spruce disnlay
occasional branching, being something of a transition with the complex of
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open growm and copse spruce, multi-boled red alder, and former galleries
from 183 to 197.

From 157 to 202 spruce dominate the canooy; the scarce red alder are old,
large and reach the canopy, whereas tall hemlocks are exceedingly uncommon.
The numbers of trees and the extent of natural thinning increase through
the region to the seaward. Pole stand spruce that are dead or dying range
from 20 to 55 cm dbh. Many of these spruce did not germinate on driftwood.
As the thinning is limited to branches and smaller individuals, the forest
litter is not prominent. Abundant hemlock saplings and seedlings join
Vaccinium spp. and Echinopanax horridum to form a distinctive shrub sub-
canopy. Herbs and short shrubs sparsely adorn the continuous bryophyte
ground cover.

A large mammal trail crosses the transect parallel to the beach at 182-
18Lh. I felt that the path was also used with frecuency by humans, but I
was not able ouickly to verify this suspicion.

The former forest margin (199-202), oricinally very densely forested with
all sirzes of heavily branched spruce, is row sufficiently thinned to permit
relatively easy passage, as most lower branches and some of the smaller
trees have died from shading from trees on the escarpment below. At one
time there was a solid wall of dense spruce trees and branching richt down
1o the top of the escarpment, typical of some forest margins presently
north of Echo Creek. The closed canopy is now 10 m. All trees are svruce,
with dbh's from 20-6L cm. Cerminatior on driftwood is rare or lacking,

The escarvment (202-215) was eroded by the former stream (the previous
outlet stream of Portage Creek), perhaps assisted by tidal or storm floods
up the stream from the sea, or even direct overwash of the seaward sands

by storm waves. RBecause of the straightness of the stream channel, one

must presume that the amount of landward erosion by the stream was limited,
and thus the berm at 199-202 is at or near the most seavard extent of surface
157 to 202, at least since that surface has been forested.

The lip of the escarpment has about 1.5 m of exposed vertical sand and/or
undercut root systems. On the steepest parts of the slop large spruce

(to 60 cm dbh) and red alder (to L3 cm dbh) form a canopy beginning

17-2% m high., Many of these trees, esvecially on the unper slope, are
hichly bent due to undercutting of their roots and/or downward soil creep.
Further down the slope (204-208) begins a salmonberry thicket. The lowest
part of the slope is youthfully vegetated with red alders (dbh to 2L cm)
and active spruce saplings (dbh 5-1F cm).

The old streambed, which contains chains and other refuse from former
prospector passage, is occupied by 2 graminoidand forb commumnity (see else-
where in this report for one guantitative sample) that is slowly being
replaced by Salix sp., Alnus crispa, and spruce (usvally encroaching from
adjacent banks).

The seaward streamback (230-239) avpears to have younger vegetation, and
sunports the only zctive Alnus crispa on the transect.

Seaward of the streamback (239-255) there are onen grovn and covse sprice
(28-63 em dbh) and meny pole spruce forming a closed canopy. Surprisingls,
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but similar with the forest at 73=8l, there is no distinctive border

of branched spruce or alder facing the chamnnel.  However, occasional
spruce near the edge have branching toward that lighter place, and there
are some multi-branched red alders (usually near or on the siream bank)
The initial spruce germinated on driftwood, some of which remzins cl
intact and incompletely bryophyte covered, although mest is well cloake
The rooct bases are 25-70 cm above the ground surface. Note that the litter
cones about the bases of the initial spruce at meters 73-C1l are S0-70+ cnm
tall, thus perhaps disguising driftwood germination not observed by our
cursory inspection.

The entire slope from 239 to 27h is dominated by pole spruce, which become
progressively younger, smaller and more dense. Open grown individuals are
rare. The trees seem to have germinated ecuite uniformly, but seldom on
driftwood (which is scattered sparsely here and there throusgh the zcne).
Considerable thinninc has taken place and continues, although the dead
poles (10-20 cm dbh) have not yet fallen; thus, twig litter predominates.
Femlock seedlings are scattered throughout in the carpet of bryovhytes
(2lmost solely mosses); herbs and shrubs are very sparse. There are occa-
sional, dead, mostly collapsed, bare-branched alders (presumsbly A, crismna),
They occur as individuals, not thickets. B

At the seaward end of this mne (270-27L) tree density is very great,
most trees are 10-18 cm in diameter, thimning has yet to begin, litier is
scarce (just fallen twigs), znd the closed canopy noticeadly is brighter.
Herbs are scarce, and Phytidiadelphus loreus and Eylocomium snlendens

form a complete forest carpet.

At the height of *the slope (275-29%), there are some drift logs, meny
lying with their roots to the sea, boles to the land. Iliany of these are
without spruce germination.

The former gallery (275-285) has a generally closed canory. In the
adjacent pole stand (285-293) trees become increasingly more dense, with
dbh's of 2-2% cm. Thinning is restricted to the numercus savlings (2-8

cm dbh). Most trees in this vicinity did not germinate on driftwood. The
relatively abundant drift logs and stumps, although moss covered and ofien
lined with blueberries, are still cuite solid (they jer the foot that kicks
them). Red alder seedlings to 1 m in height are common in this pole stand
and the adjacent former forest margins, but hemlocks are absent excent for
very sparse seedlings. The dense mat of mosses (Eylocomium splendens,
Rhytidiadelvhus loreus and Dicranum mejius) conteins very sparse nerps and
scarce blueberries.

The former forest mergin (292-298) did not irnitiate primarily on driftwood.
The driftwood present includes materials both pre-dating and posi-dating
the trees. Amongst the row of marginal trees lie scme 30 cm diameter
boulders.

The rapidly closing gallery at 298-317 is in a zone of old open zrovn
spruce, copse spruce, and galleries. Yhere oven canopy nrevails, 2 contin-
uwous mat of Hylocomium solendens and Rhytidiadelphus loreus contains
scattered Fragaria chiloensis, some depauperate Lupinus ncotkaiensis,
scarce non-iflowering ‘ritillaria ksmchatensis, and a very few Euons pedatn
sparse Cornus canadensis, and scattered Trientalis eurovea. The total her
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cover in the openings is less than 5 percent. Bear trails, dizgings, and
droppings are abundant.

In the galleries there is considerable spruce generation, from 1 year

old seedlings to 10 m tall trees. All are of the essentially branchless
pole habit. Also present are frecuent red alder seedlings and some rather
straight boled saplings 5 m tall and 6.5 cm dbhe In the shade of branches
where litter fall is not great, hemlock seedlings survive., Most of the
open grown and copsSe spruce gernlbated on old driftwood. This and vnoccu-
pied driftwood in this area is more highly decayed, and (thus) appears
older than some of the driftwood at 292-298.

The contemporary forest margin (317-32L) presents a VEry dense and vigorous
spruce forest Tace o the Sea of leafy branches to the ground surface,
Within this =zcne there is extensive driftwood, aprare“t“' the resuli of

a lost log raft 30+ years ago. Scme of the logs are 1.5 m or more in
dismeter. About the same time, perhaps amidst the jumbled logs, soruce
germinated, not on that driftwoed, but either in sand or on clder driftwood,
The older trees are at the back edge of the driftwood and nerhaps dencte
the earliest the log raft could have washed ashore (about 1927). Only
recently has there been germination on the now more decayed wocod. All
trees are spruce, there are no other woody plants or spruce seedlings,
Heavy litter fall of needles and some twigs, and dense shade prohibit

even the customary bryophyte carpet.

The low meadow just in front of the forest margin has been used svoradically
in recent decades by prospecicrs and other passers-by.

The meadow contains two distinctive zones along this transect. ITrom 324
to 372 spruce germination is common, always upon or beneath driftwood,
The abundant driftwood, including some saw timber, is generally well-
covered with full meadow growth, or well festooned with bryovhytes.

From 372 to 399 are concentrated logs frem the 1958 Lituys Bay wave and
recent driftwood, often lying perpendicular to the shoreline with root
bases seaward. There is very scarce spruce germination here., Most cf
the driftwood lies above the meadow plants, and, like smaller driftwocd
more hidden, has few to no bryovhytes.

Portage Cresk Transect - History:

The oldest tree dated, a spruce, germinated in 1808 at the farthest
distarnce from the sea. Since there is no evidence of earlisr forest on
these devosits it may be that the sands from meter 78 to 1Lk (or 202)
represent either a spit or elevated bar that ceased to be overrun by the
sea in the mid- to late 1700's (the contemporary teaches show a lag time
of at least 20 years for spruce initiation after the permanent establish-
ment of supra-tidal meadows). At this time most of the lowlands between
Lituya Bay and Cape Fairweather drained southwestward through Fortage Cresk,
perhaps occupying the entire channel width from O to 52, 62, or T3,

Ouite possibly at this time there was no stream channel 2t meter 222 or
extensive suprz-tidal sands seaward of 222,

From 1808 to 1850 one may presume that a supra-tidal meadow occupisd the

exposed sands (78-1hly or 202), with driftwood being devosited esmecially
at the ridge crest (1LL) and the lowlands in front. Probably cduring the
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later part of this period an alder (A, crispa) thicket developed along the
I‘idge .

During the next 50 years or so scattered spruce germirated (eg. 1851, 1872,
1873 near meter 92, 1852 at meter 171, 187L at meter 188 and 1876 2t meter
201)e Perhaps many of the pole spruce from meter 93 to 133 germinated

then too.

As these trees became outliers and copses in the meadow, a surge of spruce
germination from 1894 - 1905 (1913) began at the ridge (later to become
outliers, copses, and forest margins) and the escarpment lip (202).

4bout the same time (1885, 1907, 1911) hemlock and red a’der gerninated

in the alder (A. crisma) thicket at the ridge crest.

Nearly 21l of these early germinating trees grew rapidly for their first
3=5 decades. Trees near meter 93 attained significantly retarded growth
by 1910. Since about 1930 trees near the ridge have had slowed growth,
However, trees from the base of the ridge (158) to the escarpment (202)
slowed in growth about 1910,

Consequently, it would seem that by 1910 most or 2ll meadow w=as gone,
replaced by a closed canopy, a canopy that merged with the ridge canopy
about 20 years later. The opening and alder thicket at the ridge had the
last canopy closure by trees. The principal hemlock initiation beneath
this canopy did not begin until or after about 1925,

Thus, the successional secuence here indicated is:

a) establishment of meadow upon sands; driftwood accumulation

b) about 20+ years later spruce germination is snccaes“uﬁ on or

beneath driftwood; additional driftwood may accumulat

¢) period of open grown spruce and copse spruce in meadcvs

d) continued growth and initiation of additional copse and open
grown spruce, the coalescence of which begin to form gslleries
(25-50 years)
the abundant seeding of spruce
the development of pole stands
the closure of the spruce canopy (50-100 years following the
initial germination, 30-50 years after the first abundani estab-
lishmen% of open grown and copse spruce)
h) hemlock germination may initiate as early as 2% years following

canepy closure.

g H @
e e et

This seouence,at least its early stages, is repeated on the sands seaward
of the former stream course (215-230).

At the lip of the escarpment (202), the itwo largest spruce demonsiratie

very similar growth patterns. Both trees, after some years of rapid

growth, had 22 years of very subdued growth followed by renewed viger.

The retarded growth began in 1909 for one tree and 1917 for the other.
Because of the very narrow rings, there may heve been some cocnting

errors. Thus, some time between 1909 and 1917, until 1931 and 1939, grow-
ing conditions were very unfavorable. Since other spruce along the transect
do not show a similar period of retardation, the conditions must have been
unicue at this site. Note, additionally, that a spruce that germinaisd

at that site in 1913 grew rapidly during the period of retardation of the
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older trees. Presumably, the beginning of the period of subdzed growth
marks the last erosional events of the stream before the abandenment of

the channel, with the trees' root systems being partially undercut and/or
protective frees being washed away. After the shock was overcoms, some

22 vears later, the trees resvmed vigorous growth., Furthermore, the alder
that seeded in 1920 on the escarpment slope ( a similar, smaller alder

on the opposite bank germinated in 1928) must have seeded afier the
escarvment became established. Consermently, sometime before 1920, the
stream very likely abzndoned this chammel (as a2 new mouth was exnosed

near the nresent mouth of Portage Creek), or the stream became rruch smaller
(as Echo Creek, and perhsps Justice Creek and some smaller sirezms develoned
their own sea mouths) orior to a later abandonment. Thus, the abandonment
of the channel, or any other severe alteration of water flow occurred

prior to 1920, but after some time between 1909 and 1917,

These phenomena of the second decade of this century were certainly caused
by changes in the relztionship between the sea and the long sand beaches,
perhaps alteration of currents, uplift of the sands, or varizticns in
sediment loads. This marine/land event (or.events) was likely also re-
spensible for the initiztion of forest seaward of the old stream course ab
the same time ({30 spruce at 21i0-253 germinated on driftwood in 1910 and
1916). These copse and open grown trees grew vigorously until about 19L7,
Nearty pole trees that germinated in 1923 and 1933 likewise grew actively
mbil 19h7. Pole trees further seaward that germinated in 1927 and

1928 grew rapidly until about 1953. Thus, the open meadows contzined

some copses and open grown trees by the early 1920's, nmersisting as mezdows
mtil at the latter part of the decade, notably 1927-28, extensive soruce
germination occurred (establishment was slightly later further up the slope)e.
By 1947 on the lower slope and 1953 on the upper slope, the spruce canopy
closed.

The next sermence of events began in the mid-1930's, with tree germination
at the former forest margin and the establishment of outliers and copses in
the meadows seaward of that margin. Presumably rmch of the "recent!
driftvood in that region was devosited just befors or about the same time.
By the mid-1940's there had been sufficient growth and coalescense of the
copses and cutliers that the present forest margin formed, verhsps in
conjunction with the grounding of the log raft and other driftwood (vhich
may have taken place during WW II, perhaps as late as 1945)., The galleries
behind the oresent forest margin are incompletely growvn in, bul a closed
canovy may be only a decade away (50 years from the first tree germination
at those sites, compared with some 30 years for closure behind the former
forest margin - spans comparable with closure durations noted in the older
forest on the first part of the transect)e.

In the meadows within 10-30 meters of the contemporary forest margin
outliers and copse trees initiated about 1950 (three trees were ted at
1949, 1951, 1952), However, most germination has been within the 1970's,
Yo dead spruce were seen mywhere in the meadows.

Thus, forest colonization of the beach deposits has been rnrogressive,
beginning at the farthest distances from the sea and moving seaward.
Colenization is by the establishment of corses and individvals, usually
intimately associated with driftwood, and then the subsecuent coalescence
of the copses and outliers followed by the growth of pole stands. Foress:
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marzins do not mizrate seaward, likely because the extensive needle and twig
fall in the margins, along with the deep shade, prohibit successful germi-
‘nation. Furthermore, since the forest margins are always essentially
parallel with the sea, there must be some elevation and/or distance relation-
ship between the margin and the sea at the time of margin formation.

Importent dates for this transect that may relate to geomorphological
events: '
Mid- to late 1700's = Meadow colonization of the sands in the vicinity
of meter 93.
Early 1800's (eg. 1808) - First tree germination, vicinity of meter 93.
Mid-1800's = Scattered spruce germination in meadows on sands from
€9-202,
1910%s - Changes and/or abandonment of stream course at meter 215-230.
Also, germination of first spruce seaward of the streazm course.
Late 1920's - Active spruce germination and forest margin formztion
(at 2911)0 Y
Mid-1930's -~ Mew cycle of driftweood, and ccpse and ocutlier germination
begins.
Mid-1940's - Establishment of present forest margin.
Early 1950's - Some outlier and copse germination.
1970's - Active outlier and copse type spruce germination in meadows.

Note that the sea margin appears to have been landward of the transect
prior to 1800, perhaps as late as sometime in the 1700's. The mz=rgin
mzy have been near the former stream course sometime in the 1800's, then
seaward of present shoreline in the late 1800's (?) and early 1900's.

+ some point landward progression of this shore began (most significantly
near the present mouth of Portage Creek), yieldinz the present retreating
shoreline through erosion.

Steelhead Creek Transect - Description:

The profile of the Steelhead Creek Transect (Figure 18) is relatively
simple and agrees in form with the shore features as described by Derksen
(197h). The beach devosits consist of about 160 meters of sand with occa-
sional boulder or outcrop exposures topped by vegetation less than 110+
years old, These beach deposits zbut a steep escarpment that is presumably
cut into bedrock, The lower part of the escarcment and the beach sands
post-date Derksen's event "A1", The upper psrt of the esScarpment s
apparently revresents Derksen's "Ay" sea cliff, The upper surface figured
is Derksen's "B" terrace. At the base of the escarpment, thers are large
(up to § meters in diameter) boulders (some of which are cavernously
weathered) and some bedrock outcrops. The larger boulders are rmch expcsed.
At meter 1h1-1L6, there is a row of boulders 2-L meters in diameter aligmed
parallel with the shoreline; these boulders are 75=85% buried and generally
covered with bryoprytes. At meter 171, there are several nearly covered,
cavernously weathered boulders of undetermined size.

The forest on terrace "B" is clearly several generations old. The fores3t
floor is a mass of decaying timbers in various states of decay from rscent
to almost unrecognizable. The site contains a superb example of a multi-
generation forest with mixed age trees, openings due to the toppling

of trees dead from old age, seeding spruce and hemlock, deep litier, and
dead-falls of all ages, with most trees rooted well above the ground
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surface on old fallen logs or upon stumps. Most spruce are 30 o 1
cm in diameter, with one of the larger spruce measuring 166 cm at 2 «x
above the ground surface. Fallen spruce festoon the forest floor. Seed-
ling spruce are scarce except for along some rotting logs at sites with
broken canopies. There are slizhtly more hemlock trees than spruce irees,
but hemlocks occur in 21l sizes from seedlings to canopy trses 60 cn or so
in diameter. One large hemlock measured 172 cm in dismeter 2.3 m above

the ground surface., 0Older hemlock trees show decay and rot with snags of
all size classes present. There are no alders. The understory is a Typicsl
soruce-hemlock forest understory with abundant shrubs,herbs, and bryochytes.
Most tree root bases begin about 1-1.5 m zbove the ground surface.

1

At the lip of the escarpment (LLi), there is nothing to indicate aze
(=1

£
...... s However;

the escarpment forest is clearly different.

The escarpment slope is not as uniform as depicted in the illustration,

but includes mounds and humps up to 3 meters in height. These mounds and
humps are likely the result of decaying forest materials or of cther
undetermined substrate. In the upper part of the escarrment, these clearly
appear to be primarily composed of old stumos, logs, and windthrowm root
bases. The forest at this site appears to be of at least two i not many
generations, for there are the remains of fallen timbers in every state

of decay. A good many of the living trees are rooted on old leogs or

root bases, many of which are decayed away, leaving root bridges several
feet in the air.

Spruce predominate over hemlock by about § to 3. The svruce range in
size from 22 cm in diameter. Some are sub-canopy in height. Hemlock
trees are of similar size and canopy or sub-canopy in heicht, Locally,
there are abundant hemlock seedlings and sarlings, Both larger snd
smaller hemlock and spruce trees often show seawsrd tranching throughous
their height. The branches do notv persist to old age, but do reach 10
cm.or so in diameter. They are alive on some younger treses. Currently,
the trees of the zones below are sufficiently tall that these branche:
are now in forest shade and can be sxpected to die shortly.

Red alder are scarce on the slope but one 20 cm dbh, non-dscorticated,
sub-canory, dead indivicual was seen mid-slove. There are no Sitka
alders either alive or dead. The foresi understory is similar to that
described above,

The differences in the forests on the "B" terrace and the escar—mernt

may be dvue to topogravhic and substrate differcences and not o aze. This
might account for the lack of any significant "marker" trees at the 1lin

of the escarpment.

At the base of the escarpment, even more curiously than at the 1is of the
escarpment, there is no marked boundary of vegetation changz betwes= the
escarpment and the flatlands below. WNevertheless, the forest compusiticn
changes quite visibly. Beginning at meter 76 and extending seswszrd, ther=
is no longer =z deep layer of dead=-falls at all stages of decar, nor are =& .
trees with elevated root bases. All of the large spruce trees havs tTheirn
own individual cones of litter as in first stage spruce succession. Irum
trees range in dbh from 19 to 52, with many of the smaller tress dyin-,
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dead, and/or toppled by natural thinning. Fallen large spruce are Very
rare, Hemlock trees are sparse, not uncormmon as saplings, and abundant
as seedlings. There is little hemlock death. Red alders are sparse to
occasional, 17 to LO cm in diameter, and usually reach the canopy. Their
trunks commonly are covered with bryophytes and occasional nlants of
Polypodium vulgaris. These trees may be approaching maturity, but no
Jead indivicnals were Seen. There are no young red alders, or any Sitka
alders. The forest floor is floristically similar to those of the escarp-
ment and upper terrace exceot that there are fewer species of vascular
plants and fewer blueberries. The lack of a sharply defined vegetation
boundary between the forests of the flatlands and the escarpment 15 some=-
what puzzling.

In the pole stand behind the former forest margin, the forest is clearly
in a primary succession stage with much thinning. Spruce predominate, with
dbh's of 20 to Ll cm. The naturally thinned dead trees range from L to 20
cm in diameter. Tre larger spruce show stout dead branch stubs at their
base, or throughout their height, indicating that there were a nuriber of
outliers prior to the seeding of the pole stand. Very few hemlocks reach
the canopy; 90 percent are saplings 2 to L m in height. Red alder grov
here and there, usually 22 to 32 cm in diameter. They usually reach

the canopy, but are leafy in thelr top 7 to 8 m. They are cuite healthy,
though occasionally somewhat leaning. Only one dead individual was Seen.
There are scarce ito rare saplings. There are no Sitka alders.

Torest 1itter in this region is restricted to branch fall, thinned small
soruce, and needles. The understory is similar to the previous site.

Just behind the former forest margin there are a few more red alders, with
some individuals SO+ cm in diameter. Also, a few trees of spruce clearly
germinated on driftwood,

The former forest margin now has a closed canopy and very distinctive cld
ovtlier, conse, and margin trees. There is very little litter, and sparse
driftwood. Occasicnally former galleries still retain small canony openings.
Tn some of these ovenings, there are a few sapling spruce, most of which are
doing very poorly and can be expected to die. Hemlock are totally zbsent
from this point seaward, except for a very few seedlings within 10 m or so

of the contemporary forest margine.

Many of the older trees at or near the present forest margin germinated

on driftwood. The drift logs are highly decayed, but their form can be

seen, They usually lie at right anzles to the beach. XHere, too, there

is heavy needle and twig litter that excludes most herbaceous and bryophyte
crowth (most bryophytes are restricted to roots, tree bases, boulders, etce)e
4 few red alders grow at the present forest margin, these being cenerally

22 to 30 cm in diameter. The branches of the dense tree growth at the forest
marzin facing the sea are dense and heavily overlapved, providing a wall

of photosynthesis facing the sea. These branches extend to the ground
surface.

The supra-tidal meadows begin exactly in front of the spruce branches.

Zones within the meadow are not clearly distinguished except that from
meter 2L8 seaward there has accumulated recent drifiwood as well as the logs
from the 1958 Lituya Bay wave., There is not a sharply defined erosicnal
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margin to the meadows, as "bottom zone" vegetation extends devn the sloping
sand face until an active cobble zone is reached. For the most nart, the
neadow is tall in charscter, there being only isolated patches of low,
stravberry meadows.

For the most part, spruce trees in the meadow become less abundant and
shorter with distance from the forest margin, Copses tend to be taller
than free standing individuals., A typical copse slightly north cf the
transect contains trees 6 to 8 meters tall. All trees in the copse Zrom
the tallest to those less than 20 dm in height have begun their growth

on driftwood., The driftwood is fairly intact. At the outer edge of the
ccpse, there are a very few, somewhat more recent drift logs. The cosse

is really a collection of several ccpses, with galleries of meadow between.
Nearly all germination habitats were occupied early, thus providing the
distribution of the trees. It is very easy to distinguish the first trees
in the copse by their very heavy branching. Trees begun in their shade

are smaller in dbh and branchless until they break out above and fcxm part
of the canopy. The original trees have very large bases; for examvle,

one individual is 78 cm in diameter, 30 cm above its drift log, and is
only 26 cm in diameter, 3.5 m above the ground. The above ground roois aleng
and around the driftwood are often massive. A very few young srruce have
begun to germinate cr sand substrates in the galleries,

Throughout the meadow there arzs 2 number of logs yet to be colonized. They
are mostly hidden and bryophyte-covered. Treeless logs ars rore ccrzion
closer to the sea.

An excepntion to driftwood germinztion was located in a strawberry patch,

A small cluster of seedling spruce were rooted in 15 cm deep rich meadow
humis. The seedlings were i to § years old, LO to 60 cm in height, with
very shallow root systems, that stayed in the organic layer and did not
penetrate sands and gravels beneath. Another two-year-cld spruce ssedling,
12 cm tall, was also located in the same strawberry patch.

It was my impression that there is an esmal representation cf age classes
from contemporary germination to 30+ - year-cld itrees in the meadows.

The outlier tree at meter 248 is wery distinctive. The log upon which

this tree germinated is acuite visible and is surrounded by an excepticnally
massive root system. Unlike most spruce trees in beach meadows cr in
forests, this tree has severe salt and/or wind shear on the ocean side.
Such flagged spruce are very uncommon, and the susceptibility of spruce to
flagging by the sea might be limited to only those individuals in hichly
exposed settings very near the sea. Perhaps this is indicative of the
distance from surf that spruce can colonize meadow. The tree was cored €0
cm above the ground surface, at which point there were 28 rings. The inner-
most 7 rings occupied over 2 cm. Subsecuently, there were L wide rings, 2
narrow rings, 5 very wide rings, snd 10 wide rings. The tree exzperienced
leader death at 2 m heicht above the ground. The subseguent lsader died

at 3.3 m above the ground. After each of these leader deaths, two or more
main stalks developed, giving the tree a dense, btulky avpearance. There
has been continued leader death in the top m of the tree. Twin stems,

2 1/2 m above the ground surface, each have individual diameters of 25

cm. Large live branches extend from the tree outward at least 6 m from

the tree base. However, although up to 1 1/2 m of some of the branches
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are vell covered by mosses and herbs, there is ne layering whatsoever.
Similarly, there is no seed germination anyvhere beneath this tree. Th
tree has abundant cones and at least two birds' nests.

Steelhead Crsek Transect - History:

Because of the large size of itrees on terrace "E" and the escartmeni, and
because these forests are mmlti-generation, it did not seem to be of value
10 date any trees in these zones., Included on the illustration are two dates
provided by VWeisbrod (this volume) that clearly show there have been

forests on these surfaces for centuries prior to the establishment of

forests on the beach deposits belowe

In the latter quarter of the 19th century, there must have been meadows
extending from the base of the escarpment to at least meter 170 and
probably samewhat beyond. At this time, spruce began to germinate on
drifitwood, forming outliers and copses. In the middle of the peole siand
(near meter 110), spruce growth became retarded about 1900, At this same
time there was the initiation of hemlock germinaticn, presumably as the
spruce canopy closed by the merger of covses and outliers aleong with the
growth of pole trees. About ten years later, in the early i920's, red
alder germinated, growing rapidly until sbout 1950, at which time they
may have reached the canopy. Subseauently, there has coniinued the germina-
ticn of hemlocks and occasional spruce. Most of these later arrivals have
very narrow growth rings and subdued growth overall,

The spruce of the former forest margin grew rapidly until about 1950

or later, at which time the present forest margin trees aprear to have
gained sufficient height to retard the growth of the former forest margin
trsﬁs. The outlier tree at meter 16l shows no retardation in growth vntil
197h

It would appear that from the closure of the forest canopy just described
until the early 1930's, there was an open beach or supra-itidal meadow from
approximately meter 170 to the sea (whose shores position is net determined).
By the early 1830's the elevation of the sands in this region or their
distance from the seawss sufficient to allow spruce germination on the well
scattered driftwood. After a2 seeding surge in the 1930's, 2 new Iorsst
margin (the contempeorary forest margin) was estzablished. Subsecuently,
there has been continued germination. in every decade of about eruzl amountis.
There is no indication that the region of tall meadow containing recent
driftwood and logs from the 1958 Lituya Bay wave, which slopes toward th
sea, has any recent spruce germination. I suspect that this site is still
too exposed for germination.

Conseruently, there seem to be relatively few periods of geomorrhological
activity that have been documented by the vegetation in this transect. I
is clear that the escarrment was cut and vegetated more than L0O years ago
(that determination is based upon tree ages of 200 years rooted upon stumps
of similar size). The establishment of spruce on beach deposits began in
the 1870's and 1880's. A second surge of germination occurred in the early
1630's, No other dates appear significant.

Vhere there has been closure of canony by vpole stand growth, it zppears
to have taken about 30 years., This compares favorzbly with the length
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of time remuired at similar circumstances on the Portage Creek irznsect.

The two significant dates of the early 1870's to 1880's and the early
1930's, correspond roughly with events at the Portace Creek transect.

At the same time that spruce were beginning to germinste on He Steelhead
transect in the 1870's-1880's, there was scattered spruce germiratiocn in
meadows and on sands in the older sites on the Portage Creek transect.
The most significant correlation is the important surge of copse and
outlier germination on driftwood 2zt both sites in the mid-1930's,

Thus, the pattern of succession on beach substrates zt both sites is es-
sentially identical. The succession that has transpired on these uncon-
solidated substrates has occurred within the same two centuries.

The Portage Creek transect reveals several significant dates relating to
geomorpholegical events; the Steelhead transect reveals two correlative
dates. The Portage Creek transect indicates two additional pericds of
recent germination, the early 1950's and the 1970's, and there is active
germination of spruce on driftwood in the Steelhead Creek meadows at

the present time,

Tree Ages From Adjacent Eeach Deposits:

Cores of five additional old large spruce trees on beach depcsits near

the bedrock escarmment south of Steelhead Creek show eruivalent zges

and growth characteristics, and correspond well with the Steelhead Creek
transect. These trees germinated in 1861, 186k, 1872, 187%, end 188h,

The first E0-90 years cf their growth was in relatively full sunlight pro-
ducing large growth rings followed by closure of the fcrests. Fforest
closure occurred from 1926 to 195h. The largest trees are btoth the oldest
and those with the largest number of wide rings. Thus, curiously, the
trees which happen to have been first established werz not those at sites
that first became forests.

Also corsd were elght additional trees on beach denocits (one on a laterzal
moraine) north of Lituya Bay, all displaying 1life forms, growth patterns,
and ages consistent with the Portage Creek transect. The two oldest of
these were in the vicinity of Justice Creek at or near the landward margin
of the beach deposits. They germinated in 1743 and avﬂrcx_mate;J 1727
The other trees variously located on the beach deposits germinated in 1801,
1813, 1841, 1891, and 1901. The trees that verﬁlnaded in 1801 and 1813
are now marginal trees along an actively degrading beach front.

The presence of multi-generation forests at the landward edge of the beach
d=p051ts northwest of Lituya Bay has not yet been firmly doc.menned. It
is clear, however, that the surface of these beach deposits became suffi-
ciently elevated and stabilized that they began vegetating in the vicinity
of 1700 or somewhat earlier, Possibly the outwash from Lituya Bay, lLa
Percuse Glacier, and Fairweather Glscier was so great during the Llutle
Ice Age that by 1700 there was deposition of materials north of Lituya
Bay extending to the Fairweather Glacier. Some time (perhaps tens to
hundreds of years) prior to that time lower land levels rermitted the sea
to reach the base of the bedrock escarpment east of the present lowlands.
Once the beaches began to form north of Lituyz Bay, the terrain between
them and the escarpment became wetlands, slough, &nd laeke, These drained
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southeastwardly around the

beach deposit, indicating that the offshore flow

&
&

was from northwest to scutheazt., In recent times, perhaps as recent as
1850 judzing by the trss 2zes on the landward half of the Portage Cresk
transect, it appears that the direction of off-shore deposition has been
reversed, This change In = par=nt flow may be due to changes in the time

:'

of years when matevlal is b eing deposited, and the source of the material.
For example, if the principal time of deposition formerly was during the
season of highest melt from glaciers, then depositicn would have bpen in
spring and summer. However, it is possible that with the leoss of this
heavy sediment load in post-neoglacial times that where there is now beach
depcsition, it occurs primarily during the winter as a response to ercsion
somewhere else along the coastline. Thus, we see now a minor reshaping

of the beach edge due predominantly to erosion.

If this history be correct, then the fluvial fans north of Lituya Bay
behind the beach deposits may have begun in neoglacial times and first

were deposited directly into the sea. The bulk of their deposition likely
has been within the last 200-300 years, however, as their formation would
have been much retarded by the erosive activity of tidewater. Their growth
ultimately redirected waterflow, opening the Justice and Echo Creek breaches
in the sands, thus severely reducing streamflow at the mouth of Portzge
Creek, the anccst“aT cormen channel for nearly all runoff from lowlands
northwest of Lituya Bay. These events, plus the canturing of lcwer Portage
Creek by sea erosion, have certainly affected the development of the Portzge
Creek transect.

Forest Initiation Versus Distance From aznd Heizht Above the Sea:

A% both transects a remarkable correlation (Fizures 20 and 21) exists
between distance from the sea and the oldest tree a2t each site on the
transects where tree ages were determined (excluding the mulii-generation
sites at Steelhead Creek) Although, as pointed out elsewhere in this text,
the forests have seemingly advanced aﬁd developed in spurts (which can be
vaguely ascertained in these figures; the generallzed. pattern is progressive
celonization to the seaward by spruce at rates of 2 .05 and 1,31 ﬂﬁ?eur.

Seemingly more significant for colonization should be the height of sub-
strate above the sea; however, distinctive correlations between terrzin
height and tree age are not as clear (Figures 22 and 23). At both tran-
sects, there is no colonization at elevations less than € m (6.5 m in exposed
places near the sea) above mean sea level; at Portage Creek transect active
colonization occurs at about 7 m and at Steelhead Creek transect around 8 m.
These values skould be compared with Molnia's (this volume) measurements.

Hicks and Shofnos (1945) report 0.018 m/year neocglaciszl isostatic rebound
at the study area. Derksen (1976) determines similar uplift rates, tut
Goldthwait, et al. (1963) report exposed stumps near sea level at Lituya
Bay as old as 9150% 275 years B.P.

At the Portage Creek transect, considering only the trees seaward of th
abandoned stream course on terrzin that is level or sloping torard the

sea (meters 27% to 399), thers is a weak correlation (r=0,60) tetresn age
of trees and height of land surface, with a relationship of 0.Cl? m/Fear.
Similarly, iree ages on the beach deposits at the Steelhead Creek trensect
are weakly correlated (r=0.66) with the height of land surface, showing a
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Figure 20. Age of oldest tree per sampling location

along the Portage Creek transect versus
the distance from the seaward edge of

the supra-tidal meadows. (nexé p4ge)
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Figure 21. Age of oldest tree per sampling location
along the Steelhead Creek transect versus
the distance from the seaward edge of the
supra-tidal meadows. C(nixé pag2)
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Figure 22.

Age of oldest tree per sampling location
along the Portage Creek transect versus
height of terrain above mean sea level.
"0lder forest" refers to sites landward
of the abandoned stream channel, and
"younger forest' refers to sites seaward
of that channel. Open triangles are
Alnus oregona, the open hexagon is

Tsuga heterophylla, all other are Picea

sitchensis. (aexé pP4g¢)
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Figure 23.

Age of oldest tree per sampling location

along the Steelhead Creek transect versus

height of terrain above mean sea level.
The regression including the two tree
dates on the "A" sea cliff and "B'" terrace
is included to show the absolute maximum
uplift rate (which is even too great
because those trees are at least second
generation trees). Chre¢xé pége)
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relationship of 0,011 m/year.

Consequently, it seems plausible that, at least within the last 100 years

or so, tree colonization of beach deposits mzy be related to post-Little Ice
Age isostatic rebound. This rebound cannot acccunt for the remaﬁncer of
the vegetational features along thes Portage Creek transect.

Consequently, on sand deposits along the cuter coast of the study area:

a) Forests (i.e. spruce) cannot colonize at elevations below 6.5 m
above mean sea level adjacent to active beaches.

b) At the present rate of isostatic rebound, provided sands are
available, forest colonization can keep pace with the aveilable
terrain as it reaches sufficient elevation (at least 6.5 m, and
perhaps 7+ me I am prone o think that the elesvations of rscent
tree colonizations of the two Transects are more similar than
indicated; the calculation of mean sea level may be slighily
in error at one or both transects).

c) When extensive terrain is available for colsn*zatlon (and perhaps
even overshadowing "b" above) forest coleonization begins at the
‘farthest distance from the sea, and progresses seaward.

If sea and land relationships were to remain the same in the next decades,
verhaps centuries, one can expect that the closed canovy forests will
continue to mature throuzh natural thinning and diversification, with
hemlock gaining added importance and organic materials accumulating rspidly
upon the forest floor.

t both transects where thers ars now beach nmeadows with active spruce
germlnatlon, one can expect by 2010 or before that the meadows will be
replaced by youthful spruce forest with a2 predominantly closed cancpy.
This forest might extend completely to the sea's edge at the Portage Creek
transect depending upon the ability of spruce to develop at the ercding
lip. Depending upon the rate of erosion of the sands, that margin would
either be heavily branched and thick down to the ground surface if the
erosion rate is quite slowy and would be composed of more or less exwosed
boles and shrubby wndergrowth if the rate of erosion is ranid. At Stselhead
Creek, a new forest margin can be expected to form at the landward edge
of the zone of recen’t drift and logs from the 1958 thay* Bay wave., At
this time, there is no clear indication that the azrea of recent driftwood
is initiating a cycle of germination leading to foresit; perhaps this is
because of 1ts low elevation or proximity to the active sea.

Muture:

The general patitern of vegetation activity on the beaches of the outcoast

of the study area is that wherever there are well-established bezch meadows
on sand, there currently is colonization of the meadows by spruce., Sporadic
events such as large storms, Lituyza Bay waves, and uplift in tbe *el;»,onshﬂn
of the beach %o the sea provide substrate for forest growth., The spruce
germinate on decorticated driftwood, initially producing the thencmenon of
outliers and scattered copses. The density of trees in the mesdows is less
and the trees are somewhat younger znd shorter nsarer to the sez, znd the
migration of the closed canopy forest to the sea is not uniform. Once
cclonization begins, and the cornses and cutliers become estatlished, thers
continues a mmidirectional change providing a closed canopy within 30-50 [70)
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years, with a pole stand overtaking and overtopning the outlisrs.

The actlvo beach front takes two forms in general along the coaszt:

a) that of an erosion scarp where the seaz is directly cubttirz into eisl
beach meadows or forest, and b) a depositional beach margin in = 1
and wind-borne sands are building. In the former situztion thers is
indication that spruce are capable of occupying all or nearly 21l cf the
elevated terrain (oe it of sufficient height above mean sea level)} ri:
the point of erosion. In the second case, it is not clear if the struce
can occupy sites with over-wash or shifting sands. Certain herbzaceo
species such as Carex macrocephala can persist on these sands znd ac
date their changes. Presumzably, the spruce could invade obeach denc
only after their stabilization, and then principally upon drifiwood, tub
apparently only if the sands are 6.5 m or more above mean Sea level,

m

The broad beaches of dense meadow growth which now occupy so much of the
terrain adjacent to Lituyz Bay are a phenomenon of succession and can be
maintained only through persistent growth of beach deposits 2% a rate at
least as rapid as forest colonization.

If uplift continues at 2 site, with no corresponding outgzrowth of shoreline
(an unlikely situation), there will come a time when the heizht of beach
will be sufficient that a stable vegetation interface will form. A% this
point, one can expect a dense foresu stand to colenize the beaches, with
a very narrow beach meadow. The forest ultimately will be snruce and
hemlock in the traditional rmlti-generation composition. Sitka alder may
form a lateral fringe zlong the forest, although it is not at 211 clear
that this will indeed happen. Or, if thers is a broad zone of mobil
sands, then one will not expect extensive beach meadows of great density
but rather communities with scattered Flymus and Carsx macrocerhala lilke
those found at Inner Point and Astrolabe Beach (Dixon Haroor study ares),
and at certain locations in this study area. At other places where there
is a lag concentrate of boulders and/or bedrock formingz the transition
between the active seaz and the stabl: beach deposits, one czn expect a
very narrow marginal beach meadow to form.

Molnia (this volume) provides data which bear on the prognosis for these
various possibilities,

Portfolio of Fhotos Along Transect:

A group of photos illustrating principal features of each transect's
vegetation is fetained in the Bartlett Cove library.

Susceptibility J‘sturb“rce

Succession cn the beach deposits appears to be vigorous znd active. In
the vicinity of Portage Creek and Echo Creek this successicn hzs defini
obscured the considerable human activity, both native and Euroresan, ih:
has occurred cn those beaches. It is not likely, therefore, that low
levels of visitor usage in the form of pedestrians would cause siznificant
lteration of the vegetation seguence or ground surface. Recovery times
from human scale disturbances appear to be in terms of cne to severzl
decades until most or all traces have been masked. This assimes, c¢f course,

that recovery is not impeded by continued human activity.
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T? the beach sands were -to be mined for gold, titanium, or other mirerals,
then there could be distinctive alteration of the beach geomorphclozy, not

to mention the tremendous devastation of the surface vegetation. Presumably
sands that were dug would recolonize rather ouickly, although there are no
data +0 esiimate the recolonization rates. Likely within ten years fellowing
a mining operation, most beach meadow plants would have become re-established.

Since the initial spruce depend upon an organic, raised, substirate for
germination, one could speed the subsecuent forest recovery by the careful
devosition of decaying wood. Once the spruce become established, then
succession would approach normalcy and closed canopy could be anticipated
within 50 years cr so of spruce establishment. FHowever, even one or Two
years of exposed sands might be aderuate for a significant amount of active
dune formation to begin. Dunes, per se, in their active form ars not now
known in the study area. If dunes were to form because of the larze
exposure of the sands, they would likely move landward. The forests of
spruce cannot stand cover by sand around the tree bases and, thersfore,
would subsemiently be killed. There would then be the loss and alteration
of considerable amounts of habitat. If, north of Lituya Bay, the sand
dunes migrated through the forests to the sloughs behind, they would enter
the streams such as Justice Creek or Echo Creek and be recycled io the
mouths of those streams, causing alteration of the general beach topography.
The extent of this alteration would derend upon the magnitude of the mining,
0il spills alcng these beaches would have an uninown effect. It is eminently
clear that the presence of organic substrates and of spruce trzes ars th
two most important features in the establishment and maintenance of the
vegetated landscape on the beach deposits, If the spruce are susceptible
to windborne and waveborne oil, then ssvere catastrophe could cccur. It

is clear that wave splash is carried, during storms, onto the land by winds
that ride over the forest canopy and by winds that enter the foresis below
the canopies wherever there is not a continuous bulwark of heavy branching.
These winds could carry oil several hundred meters from the shore., Since
the effect of ocil upon spruce is not known, the effect of such airborme

0il is not known. It is apparent, however, that the spruce are definitely
affected by sea spray nutritionally. Spruce within 100 or 200 m of the

sea are clearly richer and darker in color than spruce at a distance from
the sea. If the o0il spill were sufficient to kill spruce trees, whether

or not they were immediately adjacent to the sea or further back on the
deposits, it is not likely that a single spill would cause significant
damage to the essential character of the beach deposits, for-he dead

spruce trees would likely remain in situ for a long period of time. As
they broke and their twigs and stems fell, or were blown over, more organic
materiazl would be deposited beneath them on an existing organic subsiraie.
Presumably very ~uickly after the oil spill, a number of advenitive or

weedy species would occupy the terrain, leading euickly to 2 rscolonization
by spruce of the beaches. (It could be that the rather slow colonization
of the beaches at the present time is partly due to a zlow dispersion rate
by spruce seeds, with spruce Seeds not moving seaward nearly as well as
they move landward. However, it should be noted that many trees along
forest margins are often heavy with cones snd prestmably bear viable seeds.)
Thus, the death of the forests, a negative feature in itself, would probably
not lead to a significant alteration in the beach sand gecmorohology.

There would, however, be a tremendous change in biotic habitat were the
spruce to die.

4]
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If the oil spill killed the majority of the herbaceous plants in the
beach meadows, there could be considerable acceleration of erosion or
re~deposition by winds along the beaches. The period of time for
recolonization by the meadows is not known. Possibly it is long encush
that considerable alteration of the beaches could occur.
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