
/ AO—Afl3 875 TEXAS TECH UNIV LUSSOCK DEPT Off RAPISt AND WILDLIFE N—-tIC F/i 13/2
NONITORINS OF FOREDIRLS ON PADRE IStAtC. TEXAS. (UI
sIR. 77 S £ DAM. , 4 P SOfN DACW72 —75—C—O O 11

IJI CLASSIF IED CERC—0 —fl—S NI.

_ 
_  _

U _ __iin ~~~uuu e-
in _ 

_  _ _

__ _  

I
i i U.

END
OATh

9—77
ccc



I c::~ uav~L
_ _ _ _  

L.~

I I.’ 
.~ lHD~°

d HH~11111’ ~ 1I1ifi~. nu~
MICROGOPY RESOLUTION TEST CI-1&RT

~~ ~UR1MJ O~ ~JAN 1 AR[) >



-~

/ MR 77 8

Monitorin g of For edunes
on Padre Islan d , Texas

by
B~E. Do h~ an d J.P. Goen

MISCELLA NEOUS REPORT NO. 77-8
JULY W77

c

Approve d for public release7 }
distr ibut ion unlimite~~~~~ J

Prepare d for

U. S. ARMY , CORPS OF ENGINEERS

COASTAL ENGINEERING
F~ESEARCH CENTER

Kingman Bui lding
Fort Be lvo ir , Va. 22060



S

Reprint  or r cpu b hc ut ior i  ol an~ of t l i i ~ materia l ~ha ll gi ve app ropriate
credit to the t . S. Arm~ Coasta l Engineering Researc h Center.

Limited f ree (listribution within t h e  I. r l i tc ( l  ~ t a t r ~ of siti~~h ~~~q i i i~~ of

this publi cation has been made by this Center. Additional eopir~ are
available from:

Na tiona l Tee/i meal iiijor,naltoii ,~~( T i i U f ’

I TTN : Operations I) i, iswn
5285 Port Roy al  Road
Springfi el d. Virg inia 22151

T h e  findings in this rep ort are not to be construed as an official
l)ep arttnent of t h e  Army pos it ion unless so designated bs other
authorized docum ents.

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~T~~~ • .~~~~~ _ _ _ _



UNC LASS 11: IL 1)
SECURITY CLASSIF ICAT ION OF THIS PAGE (1B~.en Data Ente .d)

D~~DADT Iu~~~ lTAT Ir1bi DA~~~~ READ INSTR UCT IONS
i.. ~.j ~~~~~~~~~~ i e ~~i “i BEFORE COMPLETIN G FORM

~~~~~~~~~~~~~~~~~~~ 2 . GOVT ACCESSION NO 3. PIENT S C A T A L O G  NUMBERc~ 
Mk~~~J ________

I~~~Trt-r r bu t te)  ~~P REPORT & PER!pu c. ED

,
~f l 

M i s c c i  la ne ous
MoN 1’wRI ~~(; OF FOR DU.\~LS ON .\URI I S LA N D , 

~~~~~~
— I ~~~~~~~~~~~~ SflS.

p—-—— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B. CONTPAC T OR GRANT NUMBER(.)

~~~~~~ 

~ ~~.L . fI )ah l I._~~~~ ~ 4.P./ Goen I /~ D A c W 7 2 - 7 5 - C - ~~)1~J /

— - - — —  rPERFORMING O R G A N I Z A T I O N  NAM E AND ADDRESS 10. PROGRAM ELEMENT. PROJECT . TASK
A R E A  & WORK UNIT NUMBERS

l ex a s  le ch~~.4ogica l Un i v e r s i t y
De p ar t m en t of R an g e  and Wi i d i  i fe Management 1~.) l~~~1Lubbock , I exas 9 109

II . C O N T RO L L I N G  OFF ICE  NAME AND ADDRESS

Depar tmen t  of t h e  Army .Ju l ~ •~C o a s t a l  Dn g inee r i  ng Research C e n t e r  ( C F R R L — C  ES

K i n g m a n  B u i l d i n g ,  Fort B e l v o i  r , V i r g i n i a  220 ( ~~
) 69

14 .  MONI ’ODRING AGENCY N A M E  & AOORESS(I I  difI~ rsnt from Contro1lin~ Off ice) 15. S E C U R I T Y  CLASS.  (of thi. report)

// 1— ’
16. D I S T R I B UT I O N  S T A T E M E N T  (of this Repor ?)

A pproved  for  pu b l i c  r e l c a s e ;  d i st r i b u t i o n un l i m i t e d .

I? .  DI S T R I B U T I O N  S T A T E M E N T  (of the .botract entered in Block 20. If different from Report) 
/
..~

_ .\

~~~ ~~~ 
_.(\~

14. SUPPLEMENTARY NOTES

19. K E Y  W O R D S  (ConIinoe on revo ro s  side if necessary and Identify by block ,,omber)

B a r r i e r  i s l a n d  Dune st a b i l i : a t i o n  P adre  I s l a n d . Texas
Bc ach e r o s i o n  Foredune s Sand dunes
Beach grasses  Grass p l a n t i n g s  Shore p r o t e c t i o n

20. A B S T R A C T  (ConISn~ e on rsr •~5e side If nec...ary ond id.ntify by block nomb.,)

L - P1hi s s tudy  was conducted  to c o n t i n u e  m o n i t o r i n g  foredunes  formed from
g r a s s  p l a n t  i ngs  made d u r i n g  196f) to l:) ’3 on nor th  Padre  I s l a n d  beaches.
Th i s~ repor t  summar i  :es da ta  o b t a i n e d  f rom e l e v at  i ona I p r o f i l e s  and v e g e t a t i v e
t r a T L - c c t s  i t  four  e x p e r i m e n t a l  fo redune  s e c t i o n s  and one n a t u r a l f o r edun e
scv t ion d t i r  I ng 1 UT’ S and 19Th . The beach  a n d  f o redu n e s  , a 5 — f o o t  —( 20()
meter s ) ‘c ross s o ct  ion , g a i n e d  5 . 7  cub ic  y a r d s  ~~ . 1  cu b i c  meters ) per l i n e a r
t o o t  of beach f rom A ug u s t  1975 to  Augt i s  t I 9Th .  I low eve  r , san d accu mu l a t i on

( c o n t i n u e d I c . ;. _
_ . 

. -

DD ~~~~ 1473 EDITION OF I P~~ V ~ S I$~~ BSOLETE I~\ l ,A S Sl  F I L l )  /
SECURITY CLASSIF ICA TIO N OF THIS PAGE (PPIw Oct. Ent.,ed)

— 

.
,
~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



LJNCLASSII : IEI)
SECURITY CLA SSIFICATION or THIS PA Ot (WI~~ D~~. Iiif.e. ~~

~~as not uniform ; the north end of the study area gained no sand. P lan t ings ,
50 feet (15 meters~~wide seaward of existing foredunes proved to be an
effective dune-widening technique . This has provided a 125-foot -(38 meters)
dune base versus an 80-foot (24 meters)~ dune base from initial 100-foot-wide
(30 -meters) plantings .

Sand-trapping rates averaged 6.3 cubic yards ~4.8 cubic meters) per linear
foot per year on foredunes of experimental plantings versus 1 .0 cubic yards
(3.1- cubic meter~~ for the unplanted , natura l area. However , acc~ mulation
rates for the last year i~e~’e-4-:F--eubic yard~i for p1an~~d f  e~fi~~es ~~rsus- °~~~ 

(0

4.0 cubic yards for the natural foredune. ~Ap~5arently, t~ e natural area is ‘~~~ ~

sufficiently vegetated to accumulate sand as rapidly as planted areas , but it
has taken 15 years to reach this trapping efficiency and without a recognizable
dune line . Rate of lateral grass spread from initial plantings varied from
5.25 to 7.24 ,feet (1.6 to 2.2 meters) per year. Vegetation studies show little
invasion of unplanted species into the planted foredunes . Landward of planted
dunes , grass establishment is well ahead of the unpianted area. The unplanted
area is more arid. Mean elevations for dune crests 89 months after planting
were 19.2 feet (5.9 meters) mean sea level versus 8.6 feet (2.6 meters ) for
the unpianted area.
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PREFACE

This report contains results of a 2-year survey to monitor rates of
sand deposi tion , vegetation dynamics , beach erosion and accretion , an~
maintenance requirements of beach plantings made during the previous 5
years . It is published to assist coastal engineers in building and
maintaining coastal foredunes which act as effective barriers against
storm surge , and enhance the environmen tal t~uaIity and productivi ty in
the coastal zone . The research was carried out under the coastal ecology
research program of the U.S. Army Coastal Engineering Research Cen ter
(CERC) .

The report was prepared by Bill L. Dah i , Professor of Range and Wild-
life Management , and John P . Goen , Research Associa te , Department of Range
and Wildlife Management , Texas Technological Universi ty (TTU), Lubbock ,
Texas , under CERC Contract No. DACW72-75-C- 001l.

The authors express appreciation to personnel of the Padre Island
National Seashore ; to the Welder Wildlife Foundation , Sin ton , Texas , for
their interest and cooperation ; and to C.L. Pawlik , U.S. Army Engineer
Distric t , Ga l ves ton , for his advice , assistance , and encouragement .
Special thanks are due W.F . Bean , A . E)ahl , .J. Frasure , P. McCaw ley ,
K . Morrison , D . Sikes , U. Wester , C.B. White , and C. Woodard for their
interest and assistance in fieldwork and data analysis.

Dr . D .W . Woodard , formerly of CERC , was largely instrumental in
ini tiating the project. A .K. Hurme and P. Knutson were the CERC contract
monitors , under the general supervision of R.M. Yancey , Chief , Coastal
Ecology Branch , Research Divis ion .

Comments on this publication are invited .

Approved for publication in accordance with Public Law 166, 79th
Congress , approved 31 July 1945 , as supplemented by Public Law 172 , 88th
Congress , approved 7 November 1963.

~~~~~
~~ JOHN H. COUSINS

Co l onel , Corps of Engineers
Commander and Director
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CON VER SIo N FACT ORS, U.S. CUSTOMARY TO METRIC (SI)
UNIT S OF MEASUREME NT

U.S. customary units of measurement used in this report can be converted
to metric (SI) units as follows :

Multiply by To obtain

inches 25,4 millimeters
2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.39 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters

miles 1.6093 kilometers
square miles 259.0 hectares

knots 1.8532 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 x lO~~ kilograms per square centimeter

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilograms

ton, long 1.0160 metri c tons

ton , short 0.9072 metric tons

degrees (angle) 0.1745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins 1

1To obtain Celsius (C) temperature readings from Fahrenheit (F) readings ,
use formula: C = (5/9) (F -32).
To obtain Kelvin (K) readings , use formula: K = (5/9) (F -32) + 273.15.
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M(),\ I TORI NC OF FORED1JNES ON PAIIRE I S I A N D , ‘FIiXAS

by

B .E .  w~1 and ~‘.P . J cs  n

I . I N TRODUC T I ON

Flood damage from h u r r i c a n e s  is a major concern to inhabit ant s
of the Texas g u l f  coas t . B a r r i e r  islands , such as Padre Isi and ,
provide si gni f icant protect ion against hi gh ~‘oiter t hrough the
damming ef fect  o f foredunes whi ch c h a ra c t e r i s t i c a l l y  fo rm p a r a l l e l
to t he  beach. Where these foredunes have been lost , sto rm surge
eros ion moves sand inland from the beach onto low land  v e g e t a t i o n
and into lagoons , and the sand a c c u m u l a t e s  on roads and in n:ivi ga-
t ion channels adjacent to the i s lands .  Af ter  seve re f looding f rom
h urr icane Carla in l%l , main land res idents  requested res tora t ion
o f these na tu ra l  dams on Padre Is land.

From 19O~ to 197-2 the Coas ta l  Eng ineering Researc h Center
( CER C ) supported research to def ine propagation and t ransplant ing
techni ques w i th  beach grass to co nstruct and rehabi l i ta te these coa- ~t a 1
foredunes ([)ahl , et al., 1975). The da ta col lected included infor-
mation on changes in dune dimension and beach topograp hy, encroach-
nent  of indi genous flora , and comparisons with naturally occurriniz
foredunc’s. During these studies , s e v e r a l  foredunes were formed
from test plantings on the nort h and south ends of Padre I s l a n d
(Fi g. 1). U pon completion of the i n i t i a l  contracts , C!RC cont inued
mon itoring the fore~

1unes formed from the grass p lant ing on north
Padre rs land beac hes to eva luate  the long-term performance and
ef fects of the foredunes. This report b a s i c a l l y  summari:es be ach
and foredune cross-sect iona l  prof i le surveys and vegetat  ive t r a n s e c t s
of four exper imenta l  foredune sect ion s and one n a t u r a l for edune
section conducted during 1975 and 1976. The foredunes are w i th in
the boundaries of the Padre Island Nationa l ~vashore .

II . STUDY AREA

Padre Island has a subt ropical , semiarid climate , moderated
by mariti r c tropical air from the Gulf of \lexico. The summer
months are hot with little daily or weekly variation . Icinter
(December to February) is mild wi th a wide f luctuat ion in temperature :
freezing temperatures are infrequent. Preci p i t a t i on  is irregular ,
both monthly and annually, wi th  no sharply defined seasons .  hi thin
t he last century , annua l prec ipi ta t i on  at Corpus C h r i s t i has ranged
from 4 8 . 1 6  inches (1 ,222 mi l l imeters) in 1888 to 5 . 3 8  inches
( 136 m i l l i m e t e r s )  in 1917. Excess i ve  p rec ip i ta t ion  a s s o c i a t e d  w ith
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h u r r i c a n e s , usualb in late summer and early fall , biases the
annua l average upwards. Without this boost , the averages would he
l ower and more indicative of the stress associated with semiarid
lands where droughts are frequent Lit i rregular (Carr , 1966).
Average temperature for Corpus Christi , the nearest s t a t i o n  with
longt ime weather data is 71. 7 0 Fahrenheit (21.7° Celsius); a v e r a g e
precipitat ion is 26.72 inches (678 millimeter s ) ([)epartmcnt of
Comme rce , 1970)

Two principal wind regimes dominate the Texas L o I s t a l  zone—
persistent , southeasterly winds from March to September , and north-
northeasterly winds from October to February (Behrens , Watson ,
and Mason , 1977). However , prevailing winds (disregarding wind -
speed) are onshore 11 months of the year (Dahi , et al., 1975).
Northerly winds are associated with frontal passages and are
u- ~ua1ly strong with concurrent precipitation . However , some
northers are dry , bui iding small dunes along the beach with each
passage . Prevailing winds then transport this sand back to the
foredunes. -

The coastal topography of the mainland and adjacent to Padre
Island is relatively flat with soils developed from Pleisto -ne
and recent unconsolidated clastic sediments. The soils of .d~e
Island developed on recent marine and eolian soils. Sand particle
size is dominantly fine to very fine sand . It is hi ghly variable
in salt content with varying amounts of shell and organic matter .
The hi ghest organic matter content from beach sands was 0.1
percent . Shell fragments were mostly less than 1 percent (Dahl ,
et al . , 1975)

A schematic cross-sectional profile of north Padre Island
and the dominant plants of major communities are shown in Figure
2 . Nort h Padre Island is i redominantly grassland of midheight .
Seacoast bluestem (Schizachyrium .seopar ium var. Zittoralis) ,
seashore dropseed (Sp orobolus virg in icus) ,  gulfdune paspalum
(Paspa l um monos tachyum) , and saitmeadow cord grass (Spartina
~‘~z~ ens )  are species that commonly occur from the foredune across
the island .

The number of species on the shoreface of the dunes is limited ,
with sea oats  (Uniola panicu lata) the dominant sand-trapp ing plant.
Other species capable of trapping or binding sand are saltmeadow
cordgrass , seashore dropseed , bitter panicum (Panicum amarum ) , rail-
road vine (Ipornoea pes—c aprae), and gu l f  croton (Croton punctatus) .
After dunes have been started by pioneer vegetation , forhs such as
beach groundcherry (Ph ys al is  vis cosa) , beach evening primrose
(Qonothera drunrmondii) , and p r a i r i e  senna (Cassia fasciculata)
often become common.
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Of par t ic u l ar in terest  to t h i s  study is the v e g e t a t i o n  of the
hachshore and the foredune (ores lope , and the flat ura I suecess i  on
of 1)1 ants from a barren , Inn-ri cane—planed hack s hore to a cont inuous
mat  u re fo redun e r i d ge . Sea purs l ane  (Ses:w ~w : ;~~it  a ‘~~~w iz~ trum )
one of the f i r s t species to re-appear on the den uded b ac k shorc ,
is  vege tat i ve l dispersed by wa ve and wind action . Clumps of sea
purslane trap sand , forming smal l  dunes which r i se o n l y  a few
feet above the beach surface . Beach morning glory (I po r ioea

railroad vine , gulf croton , sea oa t s , saltmeadow
cordgrass , bitter panicum , and seashore dropseed are early colon-
i cers (Dahl , et al  . , 1975).

Rhizomatic growth and tillering of these grasses , especially
sea oats and bitter panicum , are st i mu la ted by the accumula t ion
of fresh sand continually blown inland from the shore . Windblown
sand is trapped by exposed grass blades and eventually stabilized
by the root and rhizome system. Fed by fresh beach sand blowing
inland , the unconnected hummock dunes of sea oats , bitter panicum ,
saltmeadow cordgrass , and seashore dropseed continue growing and
eventually interconnect , forming a dune rid ge. New hummock dunes
beg in forming shoreward , and in this manner , the foredune grows
toward the gulf. This shoreward growth eventually eliminates
fresh sand accumulation on the rear of the dune rid ge , and affords
additional protection from wind and salt spray . Less salt-tolerant
species and species not adapted to growing in accumulating sand
then become established; e.g., seacoast bluestem , gulfdune
paspalum , broom groundsel (Senecio riddellii), and beach ground -
cherry (Dahi , et al., 1975).

The t ime scale for these sequences is dependent on the
in tervals between storms , the severity of previous storm damage ,
the proximi ty of undamaged colonizing species1 and the precipitation
cycle. The area containing the present study plots was barren
in 1937 , hut by 1948 a vegetated foredune rid ge had appeared w i th
a vegetated plain to the west. By 1967 , af ter Hur r icanes  Car la
and Beulah , the dune rid ge was absent , and the area was again barren
wi th a field of active sand dunes migrating west.

III . METHODS : EXPERIMENTAL l’LOTS

1 . Experimental Plots.

A summary of the experimental plots is given in Table I which
corresponds with the study site map in Fi gure 3 . These experimen tal
plots and an unpianted naturall y forming dune area are also inc luded
in Appendix A which shows exact measurements referenced to two
surveyed base limes (east and west).

3
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Table 1. Experimental planting sites on north Padre Island.

~‘‘ a tin ,
flescription Comments

________________________ 
dates 

_______________

1 ,200-foot sea oats (Twin ~Iar. Original plantings , three-
Batteries) 1969 fourths saitmeadow cord-

grass and one-fourth sea
oats.  Percent survival:
cordgrass , 14; sea oats ,
46.  Catt le grazing an
early problem. Supple-
mental fill-in plantings
of sea oats , cordgrass ,
and panicum (shoredune
and bitter) .

1 ,500-foot monthly plant- 1969 Test plantings in small

• species comparisons blocks of bitter panicum ,
to sea oats , sal tnieadow

cordgrass , and seashore
1970 dropseed ; planted over

2 years . Survival:
irregular; dune not
uniform.

400-foot dune-width extension Apr. 3:1 mixture of bitter
plot . Planted gulfward of panicum to sea oats.
south end of monthly plantings 1973 l’ercent survival :

panicum , 62; sea oats , 1 .

1 ,100-foot bitter panicum Feb . Bitter panicum alternated
with sea oats seed . Per-

1970 cent survival: panicum ,
17; sea oats , unsuccessful.
Subsequent patchwork
planting .

1 ,200-foot dune-width bitter Feb. North half planted with
panicum 1972 bitter panicum ; 76 per-

and cent survival. South
Apr. half planted with sea oats
1972 bu t destroyed by jack-

rabbits. Rep lanted in
Apri l with bitter panicum ;
17-percent survival .
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Fi gure 3. Location of north Padre Island experimental plantings
(map courtesy of U.S. Army Engineer District , Galveston) .
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2. Met hods and Procedures.

a. E levat ional  Surveys. Cross-sectional pro fi le surveys for
five experimental dune areas (Fig. 4) were conducted in March
19T , August 197 5 , March 19’7e , and August 1976 . Foredune profiles
we re as f o l lows :

~a) IJnp lanted natura l dune area— eigh t p r o f i l e s , 100 fee t
(30 meters) apart , from 100 feet in front of the
natura l dune area to 200 feet (61 meters ) across
the foredune area . Elevations were taken at 10-
foot (3 meters) intervals c~rod readings to the nearest
0.01 foot).

(b) 1 ,200-foot sea oats dune— 12 profiles , 100 feet
apart , from 100 feet seaward of the grass extension
of the dune to 190 feet (58 meters) across the dune .

(c) Dune-width extension dune— three profiles.

(d) 1 ,100-foot bitter panicum dune— 12 profiles , 90
feet (27 meters) apart .

(e) 1 ,200-foot bitter panicum dune— 12 profiles , 100
feet apart .

Cross-sectional beach profiles were as follows :

(a) Unplanted natural dune stations 3+00 and 6+00.

(b) BM “Al” .

(c) 1 ,200-foot sea oats dune , stations 3+50 and 7+50.

(d) I)une-width extension dune , station 2+09.

(e) 1 ,100-foot bitter panicum dune , stations 3+15 and 6+75.

(f) BM “Kenny ” .

(g) 1 ,200-foot hitter panicum dune , stations 3+50 and 6+50.

Elevations were read at 20-foot (6 meters) intervals and keyed to
the east base line .

Two longitudinal surveys along the top of the dunes and
• parallel to the beach were made as follows for the 1 ,200-foot sea

oats , 1 ,100-foot bitter panicum , and 1 ,200-foot bitter panicum dunes.

16
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a. Unp lanted natural arer b . 1,200-ft sea oats ares
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c .  Dune-width extension d. 1 ,100-ft bitter panicum
area area

e. 1,200-ft bi t te r panicum
area

Figure 4. Experimental foredunes.
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One profile line was placed to coincide wi th the seaward crest of
the foredunes. Ihe other was 30 to 50 feet (9 to 15 meters)

• landward of the first pro file line. For the 1 ,200-foot bitter
- • panicum dune , a third line was placed at the landward edge of the

100-foot-wide plantings for the 300- to 600-foot (91 to 183 meters)
and 900- to 1 ,200-foot (274 to 366 meters) segments. For the dune-
width extension , the south 500 feet (122 meters) of the 1 ,500-foot
(457 meters) monthly planting-species comprison foredune ,longitudinal
profiles were surveyed for both the seaward 50-foot width and the
landward 50-foot width. Elevations were recorded with each abrupt
change in topography. Distances were measured by tape to the
nearest foot (0.3 meter).

b. Photos. Colored slides (35 millimeter) and black and
white photos of the foredunes were taken at each profile survey.
Eleven photo points for each of the five study areas are as follows :

(a) From 200 feet in front of the dune looking bayward
at the dune .

(b) Three views from the north end of the dune looking
south— along the gulf side , from the top of the dune ,
and along the bay side of the dune .

(c) Two views (bayward and gulfward) from the north
end top of the dune.

(d) Three views fror- the south end looking north—
along the gulf side , along the top , and along the
bay side .

(e) Two views (gulfward and bayward ) from the top of
the south end .

c. Vegetation. In August 1975 and August 1976 vegetative
transects were made in the five study areas . The following tran-
sects were placed paralleling the beach : a 60-plot transect on the
seaward slope of the foredune, a 60-plot transect on the lândward
slope of the foredune , a 40-plot transect 25 feet (8 meters) land-
ward of the dune , a 40-plot transect 125 feet (38 meters) Iandward
of the dune , and a 40-plot transect 225 feet (69 meters) landward
of the dune. A 3.70-foot-diameter (133 centimeters) circular plot
with an area of I square meter was used. Frequency and cover data
were recorded in each plot. Cover classes recorded were: 1 , 0 to 1
percent ; 2, 1 to 5 percent , 3, 5 to 25 percent ; 4, 25 to 50 percent ;
5, 50 to 75 percent ; 6, 75 to 95 percent ; 7, 95 to 99 percent ; and
8, 99 to 100 percent (App . B). An importance value (IV) was com-
puted by multiplying cover t imes f requency.

1 8
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IV . RESULTS

1. Cross-Sect ional  and L~~~ i t u d i n a l  Profiles.

a. Total Sand Vo lume from Mean Sea Level Inland 655 feet (200
me ters ) .  F rom the past 2 y ea rs ’ surveys on Padre Island , sand
volumes have been computed severa l ways to understand d y n a m i c s  of
sand accumulat ion and redistribution. First , consider to ta l  sand
volume from mean sea leve l (MSL) inland through the part of the beach
normally occupied by the foredunes . In this study , a 655-foot
segment was used ; the gulf side 355 feet (102 meters ) was designated
the beach segment , and from 355 to 653 feet was desi gnated the fore-
dune segment (Table 2; Figs. S to 10).

Two things appear to be happening based on these data. One ,
the north end of the stud y area , i.e., the unpianted natural
dune and the 1 ,200-foot sea oats dune accumulated little sand in
this 655-foot segment from August 1975 to August 1976 . The middle
of the area , the dune-width extension dune , and the 1 ,100-foot
bitter panicum dune accumulated most. Sand accumulation for this
1-year period was 1.4 , 0.2 , 1 1. 0, 8.9 and 1.0 cubic yards (1.1 ,
0.2, 8.4, 6.8, and S.-) cubic meters) per linear foot of beach
for the unpianted area , 1 ,201)-foot sea oats , dune-width extension ,
1 ,100-foot bitter panicum , and 1 ,200-foot bitter panicum areas ,
respectively.

• Secondl y, during the March 1975 survey , unusually hi gh tides
moved water all the way to the foot of the dunes several days in
succession . Apparently, this high water washed considerable sand
into the gul f fr”m the 200 feet of beach nearest the gulf. This
is clearly shown in Figures 6 to 10. However , after 5 months
this sand was re-deposited on the beach , as shown in the figures ,
so it was not lost , just re-distributed .

For the beach segment (MSL to 335 feet), the north two study
areas lost sand to the foredunes , but the south three had a
net sand gain on both the beach and the foredune segments .
Volume changes on the beach from August 1975 to August 1976 were
-1.2 , -2.8, 3.6, 3.1 , and 1.8 cubic yards (-0.9, -2 .1 , 2 . 8 , 2.4 ,
and 1.4 cubic meters), respectively for the unpianted , 1 ,200-foot
sea oats , dune-width extension , 1 ,100-foot bitter panicum , and
1 ,200-foot hitter panicum study areas . For the foredunc segments
of these areas , sand accumulati-~ns were 2.6, 3.0, 7.4 , 5.9,
and 5.2 cubic yards (2.0, 2.3 , 5.7, 4.3 , and 4.0 cubic meters )
per linear foot of beach (Table 2).

On the average , the beach and foredunes of this short section
of north Padre Island gained 5.7 cubic yards (1.4 cuh ic meters )
per linear foot of beach during this ~~- nonth period . Although
no segment lost sand , the stretch of beach from the south end

‘ 9
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Table 2. Total sand volume for beach cross sections.
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Figure 5. Foredune study segments.
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of the 1,200-foot sea oats dune to the north end of the 1,100-foot
b i t ter  panicum dune received the most sand during this study .
This same pa tt ern was also no ted in an earl ier study (1)ahl , et
m l . ,  1975).  However , the relat ive rates of sand accumulat ion may
change from y e a r  to year along this s t re tch of beach.

h. Sand Volumes above Planting Elevat ion for_ 101)-foo t_ Segmen t
in the Foredunes. Sand volumes were measured from ear ly in )970~~~
in those areas i mmediately affected by the experimental dune
plantings (Dahi , et a l . ,  197 5 ) .  For most surveys of the 100-foot
cross sections , about 25 feet on either side of the plant ings was
measured. This measurement was continued through the 197o
surveys for comparison purposes. The values are tabulated i n
Table 3 and Figure 11. The dune-width extension p lantings were not
inc luded in these measurements .

Although total  sand in t he e n t i r e  beach sys tem did not
accrete on the 1 ,200-foot sea oats dun e during 1975-76 , modest
increases influenced by the plantings did occur on t his 100-foot
segment . Accumulations above the 4-foot (1.2 meters ) MSL p lant ing
elevat ion in August 1976 were three times those of a s imi lar
segment of ’  unpianted beach . The younger hi tter panicum plantings
also had 2 to 2.5 times more sand in the planting locale than the
unplanted area had (Table 3 ) .  Therefore , t he plantings adequately
confined the mi grat ing beac h sand to the planting area as intended .

c .  Sand Volumes of 290-foot (88 meters ) Segment of the Foredune.
For a better evaluation of the role of artificial dune building
through revegetation , it was necessary to study more than the
100-foot segment immediately over the plantings proper because
the plantings influence sand accumulation for a much greater
distance , particularly in front. Figures 12 to 17 and Tables
4 and S show the sand accumulation for a 290-foot segment. This
distance includes the area of the 100-foot segment over t he p lant ings.
Basical ly,  it extends 100 feet seaward of the current grass
extension , and 190 feet landward . This 290 feet is far enough to
reach beyond the infl uence of the plantings on sand accumulation in
both directions .

Total sand accumulation in the unp lanted area is wel l  below
that for the planted dunes (Table 4 ) .  However , for this larger
segment of the beach system , the unpianted study area accumulated
about as much sand from August 1975 to August 1976 as the planted
study segments did (Table 6 ) .  This trend is expected to continue ,
at least until a major surge again denudes the area , for two
major reasons. First , there is suff icient p ioneer vegetat ion
established in the unplanted area to t rap all sand moving through
the foredune area. The area has numerous “pimple” dunes that
are accumulating sand hut no continuous dunes of any hind yet
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I:igtlre 16. ~1can cross-sectional profiles of the 1 ,200-foot bitter
panic um dune. Profiles extend 290 feet across the fore-
dunes . Each is the mean of 12 profiles .
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Figure 17 . Mean cross-sect ional  profi les of the four desi gnate d dune
segments of the 1 ,200-foot bitter panicum dune . Profiles
extend 290 feet across the foredunes. Each is the mean of
three profiles surveyed in August 197~ .
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Table 4. Sand volume for beach cross sections from 100 feet in front of
dunes to 190 feet across the dunes .

Volume by survey date , yd-’ (m) 3

l oll ~l~Ir. l~ I S  A ti~ . 1( 175 51~ I r. 19711 Aug .  1

Total volume

1Inj ~1 l i l t ’ .  J Ir I 
- 

~~I - (~ 1 5) 6 8 (  ( I ,  
~

) 69 2(1 ,)  ( 1 1  5 )

1 ,200-f t  ~
(‘ .l ~V 5( 5 8 2 .9  ( 7 5 . 8) 86. 8 fl l.1) 8 J (  (80 . 3 )  8 ) 1  5) 5 )

I ) l l n , _’ - w I d t h  ~‘ \ t 1 n~~iI1n 8 2 . 8 (~ S . )  85 .8  ( 8 .5)  87 .0 ( 7 9 .6 )  ()O j )  8 5 . 1 )  
— — -• 

1 ~~~

• —  •
1~~~~~~~~~~~~~~ I , 1~~ I — ft  h it t e r  ( lanivum 83 . 7 ( 76 .5 )  ~6 . 6 ( 7 9 . 2 )  88.1 ( 8 0 . 6)  9 0 0  8 2 . 3 )  

4- — - — 4 

1 .20( 1-f t  h i t te r  plinicum 7 3 .6  (6 7 .3 )  j 75 . 5 (6 9. 3 )  (1 .6 ( 7 0 . 0 )  8 1 . 4 -1 . 4 )

Volume above planting elevation 1

Im p) inted Ir ’ . I ~ i I (
~~ 

) )  
r 

25 7 (2  5 )  26 ) (_ 1 I) ) 
I 

~~~~~~~~~~~ 2) 
- -

I .200— ft s ea oat ~ 40.0  (36 .6)  -13.8 (-II ) . 1 )  -14 .9 4 1  - 1) 4 6 . )  1 2 . 2 )
-4- - - —-

I ) un c— wid th  ex tens ion 35.6 (32.6) 38 .5 (35 .2 )  59.7 ( 3 (1 . 3 )  4 3 . ü  (39 .9 )

1 100 f t  h it t ( r  pani~~um ~1 ()  3) 39 4 ( ( ( 1) 
+ 

1) )  9 ( )
~ _

4 )  42 (Y) O i

1 . 2 9 ( 1 : f t  hittcr panici im 
- ~~ 2~± 1~ ±~ - 

20 :

1 Planting elevations: unpianted area , 4.0 feet ; 1 ,200-foot sea oats ,
4.0  feet;  dune-width extension , 4.4  feet ; 1,000-foot bitter panicum ,
4 . 4  feet ; 1 ,200-foot bitter panicum , 5.2 feet.
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— 4—  —— -  —

‘(‘able 5. San d volume for 290- foot foredune cross sections
above planting e leva t i on .

- - - • - - ‘ 
V ’ I  - - , - M I - I

I ( ‘ l i nt  II I ’

~~~~ I t  11)11 P1.1111 C l I g  - ( ‘ ( l I lt  ~~~ 5!:i~~
- . I 3  S I l l ) m I 5  C ‘ 1 , 1  - ( ) l C III ] - a

1 ) 1 1 0 ’ .

i I n ) C ( ( I I I I -d  II:ltllr:I I ( r I , !  ¼I ; t r_ (~ 1I . 1  (1 2-)  I 13 . .1. 3
- ( I ’ )  ) l ~~~~I . )  ) ( ( I t .  - 1 1 1 1 1 1

• I I  lIl t OIl .1 r I

.1 . ( . 211 (1 ft - - ( ‘ ( I l l  It  S ‘tsr . ( I I  - 1 I I

\ r th 1 1 1 1 1  f t  3 5 3  • 15 . 1 . 61 1 ,.

( l 2 2  DI) I [‘. 1 ) 1  ( 2 1 1 , S j  - 6)1 . 3

1 2 ( 1  1(’ ( ( I I I  It  , 
- 1)1 . 1 - A - 4 1 -

( 1 2 2  II) : ( 5 1 1 . 5 ) :  6 . I I  I 3 - ) - I - 1 3 5 . 1 1

(I MI]  I i t  
• 

I — I - ‘I ~ 1 :- _ - 1 -

( 1 2 2  nIl 1 31, 1 1 )  ( M I I I)
) ) ,~~r I I  MI II - 1 1 . 3 I ( I I I  -

CII ) -

• 

( 3 0 . I 1 J  1 5 ~~~. 3 1  
- 

( 3 1 . 5 1  ( 3 5 . 2 )

h . ) I u n e - I, I Jt ( l  ( •x tC ’ ns lon  I)~~t .  Il 35 .6 33 .5 3~I - 1 5 . 1

( 1 . 3 1  27 , 2  A A 2 1 . . ))  ( 6 1 1 . -I , I ( 3 5 . 3 I

I , ( ( l l 1 - ( ~~ h it (o r  V:II1IOIIR I )~~h. ~0 -1 , -I - 

-

(1 .- S I

\ . V r t h 5511 ft I 4 ) 1 . 5 1 1 . 5  l t I ,3  •

) ( I ~~5 DI I  I ( f l u)  - ( 6 3 . 6 )  t 5 I I . .~
South 5 5 1 1  t i  32 . 5  I 55 .2 - f l .-i

(1(0/ a ( 2  1 . 8 ]  ( 2 1 .9) • 3 1 - ) 2)1 . 5 )

h r  a I 1 , ( 01) f t  • 
311 . 4 5~ C • 1 . 111 . 9 - 42 • 

—

( 5 6 5 ml (27 . 3 (3 0 . 1 )  ( 3 1  ~5) 
- 132 .~~- -

4 .  1 , 2 0 1 1 - f t  l , i t t e r  p. C n I C I l n I ~ 
.5 . 2

( I _ I )

‘01 r I  3 I~ 1lO ft I-oh. 72 • 
-(( t O  311 ) )  t t  I 1 . 7 .s .~ 21) . ) 

•
( I ) to 91 i s )  ( I 5 . S t  ( I - L I )  . ( 1S ,(

~) - ( ( 1 . 3 1
6(5 )  t o  1,4)))  ft - 111 (1 I 20 . 11 19 , 11 25 1—

t O  185 Dl )  . ) 1 2 . ) (1S. 3~ (1 -1 .3) ( ( 5 . 1 1 )

) a t ,~1 no r th  - “ I I  ft 1 . 2  t o . ) ) ) ( • 24 . 1 4

13 I  i s )  - 13 . 2 )  ( 1 -1 . 31 ( 1 5 . 1 ]  I I ’

- 1 1 1 1  1 
• 

\pr
1~~~ t o  ( III t~t 2 1 . 2  I 25 , 1) - 2 5 . 1  I I

(185 to 2 I tO , I I~~.2 ) I) - . I~~) ( 1 )1 . 2 ]  ( 2 2
( 1 1 1 1  t O  ( 5 1 ( 1  )~I 1 5 . 1 17 . 13 . 1  • 2 3 . 1

2 )  il l A l l  i s )  • - ( I I  - -• - 

• 

( 1 6 . 5 )  ( 1 3 . 3 II -

) l l t a I  , a l t } I  1,1)11 ft ) s ~~3 211 . 1 2 1 . 1 -
( ( 3 3 i s)  ( I l . ) ) )  15 1- ( 1 . 5 )  (20 I

) o t lI ( . ‘III I ft 1- .~ 2 11 . 0 2 I I . 2 5 .
I h o  m l  ( 1 5 . 5 )  . 1 5 . 5 )  I 15 .~ 

- 1: 1

1 1)une width extension plan tin gs were on different months in 1909;
October was used as an average date.
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ex i s t  . ‘ l ’Iit , ’ fl(a j or di f t c  rIMi(C(0 bet SI.’(’l) t hi s area and the p1 arited
dune areas i s that the planted dunes p resent a so l id IsIl 11 of
)‘I.’’i iS tan&.’e t o sand moving i n !  and , so n t i  g zsi t i ng sand fIs)Ilt the beach
a ~,

‘ cu )tt1l Ill tIO s on tile dune face. On the unp I a n t  ed a pea , I he f ront
I 1 ’’ i s not so I id so m u  ratin g sand pellet rates through and osa.- r

a broader base. The result is a relat ivel y high f loor , around
7 .o feet  (2.3 m e t e r s )  MSL among the scattered p im p l e  dun es . In
c & >n t  rast  , the f loor  e lev a t i o n  behind and among the dunes of the
planted stt idv a reas i~~; only al)out 5.6 fcet (1. 7 meters)  ~15 I..
‘[‘he m i s s i ng  2 feet (0. o meter) o f sand from the flout- of the
1)1 llIlted a peas has accumul ated i n  the high cle v a t  i on dunes  formed
;is a result of sand trapped ~n the vegeta ted segments from the
inten t ion ;tl p lantings (Fig. i8~ .

•- \lthou g h cons t ruc ted dunes shou ld  have a broader bas e than
5)) to 90 feet (24 to 27 meters) , which is the base width )f the
planted dunes , wa i t i ng  for the broader base to occur na tu r a l l y is
not always u s e f u l  . There are idvanta gc . to providing i uni form

sa nd-trapping f ie ld immediate ly fol lowing denudat ion , suc h as occur
d u r i n g  h u r r i c a n e s  of the s e v e r i t y  of  }Iurri cane Car l  a i n  1961 . 1IIl.- M ( ’  al- c :

(a) Hi ghly mobile sand i s rap i d l y  conf ined  to one a rea o f
accumul ation , hence it is not lost to the beach
sys tem.

(b) ‘rhe resul tan t w a l l  of acc um u l a t ing sand prev en t s
storm surges of moderate intensit y that occur annuall y
from sa l twater  moving inland , and at the same time
the accumulat ing sand acts as a dam for rainwater
to provide a m esic environment free from saltwater
on t he hayward side of the p lantings so tha t i n v a d i n g
vegetation intolerant to salt can become rapidly
e s t a b l i s hed.

(c) After moderate accumul ation of sand , l i tt le  sa l t
spraY penetrates beyond the fore part of the planted
du n e , further hastening the es tah i  ishrnent of
is land v e g e t a t i o n  intolerant of salt spray.

d . Crest Flev ations of ~~~~~~~~~~~~ Dune s. l .ong itt idina l
s) i rveys  wh i ch para l le l  the beach were made along the east and
west crests of all planted dunes . N o  defin able dune existed in
the implanted study area so no long i tudinal survc’ Mc rc lade
there . Fi gures  19 to 2 3 grap hically show the ellA t crest ours cy
WI ta . ‘The lon g itudinal f igures  are more  reveal ing than t hc c 1’l’ I~~~ S —

‘ c C l  ion fi gure s for a s c e r t a i n i n g  e f fec t  ive hei (Iht o f dunes .
It i i  a ls o  eas ie r  to show where rel at i v e l ~ ’ 1 ) 1( r) ’ sand i s  ai -c I I n u l, I  h ic. :
e . g . ,  - he south 700 feet (21 3  meters ) o f  t i l l ’  s e a  — I t s  dune is
I to 5 f e e t  (1  . 2 to .2. 5 Itlet ers)  iii gher t han  l i t .- no rt ii 5(1(1 feet
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152 meters) (Fig. 22). The sand volume va lues (Table 5) show
t h i s ;  the long itudinal fi gure is jus t  graphic yen lication . ‘1’he
poorer i n i t i a l  stan ds of the south ~00 feet of both tile 1 ,100-
and 1 ,20 1)-fo ot b i t ter  panicum dunes are readily apparent from the
less un i form profiles and the deep cuts through the dunes (Fi gs.
19 and 23) . Such prof i les  also provide an instant evaluation of
the effectiveness of the overall dune-buildin g research. Al thoug h
some of the deep canyons through the dunes beg in to heal in time ,
the canyon s are mos t ly  q u i t e  pers is tent and w i l l  probably  r equ i r e
mechanical repair to comp letely heal them; e .g . ,  most deep cut s
present in March 1975 were still very much in evidence in August
1976 . I-low to repair these obvious “ leaks ” is an area that
should be further researched. Perhaps , stacking bales of hay in
the cut s and tying the bales to the canyon walls with netting
to reduce the wind velocity would al low healing. Such treatment
would probably he relat ively inexpensive yet e f fec t ive .

2. Vegetative Transects.

Vegetation on Experimental Dunes. Sea oats and bitter
panicum have laterally spread slowly on Padre Island . From a 50-
foot planting width in March 1969 , the sea oats has spread
seaward 5.25 feet (1.6 meters) per year (Table 7 ) .

Whi le the bitter panicum has spread sli ghtly faster since
planting than the sea oats , it is doubtful that one wi l l  actua l ly
spread any faster than the other. Note t hat for August 1975
to August 1976, the sea oats spread more than the bitter panicum
(Table 7 ) .

If it is assumed that a 125-foot base is needed for a restored
foredune , it is apparent that attaining such a base from a
sing le 50-foot-wide planting w i l l  take about 15 years w i th  either
species. If a wide base is desired in as short a period as possible ,
the technique of following an initial 50-foot planting with a
second 50-foot planting on the beach side in 4 years appears to
he the better method. The best method will be known once these
study dunes are subjected to direct hurricane attack .

(1) Extension of Planted Species. In reviewing the
species reported for transects measured in 1971 and 1973 (I)ah l ,
et a l. ,  1975) ,  the species commonly found in 1975 and 1976 tran-
sects were the same and little change in rel ative composition
occurred except a tendency for increased proport i on of grasses.
Basic differences in the 1975 and 1976 surveys were largely in
percent cover and frequency of occurrence. Apparentl y , growing
condit ions were better in 1976 than in 1975 as ground cover was
often 100 percent greater (Table 8). Generally, sea oats
tended to increase , occurring more frequently on almost al l
t ransec ts .  Bitter pan icum tended to remain more stable with only
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s l  l gilt inc reases noted.  - e a s hore dropseed tended t o  d ccli Ic or
remain the same . There were no s i 2ni fi cant i ncrea~,es

( 2 )  i s i o r i o t ~ p~~inted S pec i e s .  l n va s  io n  of tzn p l  :i1~t , - :

~pec~~es into exper imental dunes has k-en slower than i T t  i c i  t o~ ) -

4 1-o1~ e xanip It’ , the 1 , 200— foot sea oats dune has been under t t- ~
. t

s i nec ~ti rch I , s-ct on] v four species ot her than 1 : 5  -;e lanted
occur red common Iv en ough to he cons i dered a si pit i f i ca :t i nt- udt’ r ‘I aI ‘1 tc 9)
Gui t’ croton and the ~~ 

- 5 . r .’:1,, - L  s pp . Occur s p o r a d ica l l  . ‘l’h i s l ic k
o f unseeded spec ies  in dunes from exper imenta l  plant ps’~ a f t e r
7 or ~ years is best exp la ined by com par ing  s p e c i e s  co m po s i  t h i n

on mature dunes of the a rca fo rmed natural l~ t o  t he ontp l.i:: t ed st  tid .
area and the dunes from ex per imenta l  plantings of t h i s  s tudy.
Gui f croton , beach eve ning primrose , L r : : e a c .’ ,-’ spec ic- s , beac h morning
g lory , and other grasses are r e l a t i ve l y  COmmOn J f l  m a t u re , n-utu ra l1~
formed dunes. ‘I’hese ‘;pec it ’s arc a lso much more common on the
unpianted , natural ly :‘o rn.ied dunes in  th i s  stud>’ . .- \pp a rent ly
if a dune forms natural ly w i t h  the p ioneering p lants  ava i la )’le
to the area , some s pec ies  remain from prev ious  suc c i - ss i - n i a l  St ;i~~.-s

and they are a natura l componen t of the nature dune a t successional
c l i m a x .  I(owi’ver , some o f the pioneer successional  s tages have
been bvp: isscd through planting a grass monoculture . h ence , some
norma l dune species were unable to find a niche and become es tab l i shed .
It becomes apparen t that a mul t ispec ies  dune w i l l  develop very
s low l’.’ if ori g inated from grass plantings .

V. I) ISCUSSION

1. i~~- i u a t i o n of D un e - W i d en J p~~ Methods.

P u r i n g  exper imenta l  p lant ings from 1969 to 19’4 , t he 1,200-
foot bitter panicum and the dune-width ex tens ion plantings were
sp e c i f i c a l ly  made to find the most e f fect ive w a y  to widen the base
of ’ dunes cons t ruc ted  from vegeta t ion  plantings . In February 1~)72 ,
;i ’ ( )  feet of beach w a s p lanted w i th  h i t ter  panicum , The north
300 feet was  50 feet wide w i t h  individua l t ransplants spaced
2 feet apart in rows 2 feet apart . The plantings from 300 to 60()
feet were the same except plant ing w i d t h  was 100 feet .  In Apri l
l~Y’2 , anot her 601) feet was added to the south end of the ~~~~~~~~~~

plant ing.  The plant ings w id th  was 50 feet for the 600 to  900 feet ,
and 100 feet for the 900 to 1 ,200 feet . However , individual
trans p la nts  were p laced 2 feet apart in 4- foot  rows rather than
in 2- foo t  rows.

l)ata accumulated during the past 2 years for the 1 ,200-foot
hitter panicu rn dune are in Tables 5 and 6 and Figures 10 , 16 , and
I’) , Br ief ly,  the results of this study are :

(a )  -\ 50- foo t -w ide  plant ing trapped all available sand
from the beach , so it was unnecessary to plant a
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100- foo t -w ide  s t r i p.

(h) A 2- foot  plant spac ing w i t h  high transplant surv iva l
(76 percent) gave a very uniform , tal l , but narrow-
based dune.

( C)  Rows 1 feet apart w i t h  intermediate transplant survival
(36 or 18 percent i f  based on 2- foot  rows) gave a less
u n i f o r m , lowe r e l ev ati on , but broader based dune than
t~ dune part constructed from 2-foot transplant
spac 11g .

The longitudinal survey (Fi g. 19) indicates that the e f f ec t i ve
height of dune is considerably less for the south 600 feet of the
dune constructed w i t h  the 4-foot  row spacings . Yet , the base of
this part of the dune varies from 65 to 100 feet (20 to 30 meters )
compared to a more uniform 75-foot (23 meters) width for the north
600 fee t .  Ff fec tj veness  of the more vari able , but broader based ,
more “ragge d topped” dune may be as good as the narrower more uniform ,
taller north segment. If transplant surv i va l of 40 percent or
greater is expected , there is no reason to double the plant material
requ ired by u s i n g  2-foot  row spacing. h owever , the 40 percent
surv iva l is uncertain , so a safer way would be to stay wi th  the
2-foot s pac i ngs .

A more e f fec t i ve  way to extend dune width than making an
initially wide planting is to a l low a more narrow planting to grow
to some predetermined height , e .g . ,  12 feet (3.7 meters) , then make
a second planti ng in front (seawa r d ) .  The dune -wid th  ex tens ion  a rea
was initially planted w i th hitter panicum in 1969. In April 1973 ,
a 50-by -100-foot str ip of b i t ter  pi1nicn~Im wa ’ planted immediately
gulfward of the earlier establi shed dune . I:i gure 14 shows that
this dune has a base at least 125 feet wide and a mean elevation
of about 14 feet (4 . 3 meters) . Fi gures 20 and 21 show that the
ef fect ive hei ght is probably oni>’ 10 feet hut the wider base should -:

a l low this dune to he more e f f e c t i v e  in withstanding severe surges
w it h  prolonged wave at tack than the t a l l e r  more narrow-based dunes.

2.  Rate of Sand Accumulation and/or Loss . 
-

Since beach sand volumes were not specificall y measured during
the first phase of this study (Dahl , et a l . , 1975) , severa l years
of data on wh i ch to determine rate of accretion or erosion was
unavailable. h owever , the net sand accumulation from August l~i75
to August 1976 should provide an indication . For the study locat i ons
mon itored , t he avei’age new sand per l inear foot of beach , at a
655-foot distance inland , was 5.7 cubic yards . This was 1. 4 ,
0 .2 , 11.0 , 8.9 , and 7.0 cubic yards (1.1 , 0.2, 8.4, 6.8, and 5 .4
cubic meters ) for the unplanted , 1 ,200-foot sea oats , dune-width
extension , 1 ,100-foot bi t ter panicum , and 1 ,200-foot hitter
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pan i cum a rea , res pect i V t ’ I y ( T a b l e  2)

.1 . ~~~~~~~ A cc ur m i l at  1 1) 11 . I c - s p i t t  t h I- f~~-t th at th i’ ~~~
114,) rt bern 1 Os. 0 t ions a r e  apparent I>, i’t’c c’ i vi ii g 1 i tt ft nei sand now , th ey
apparent iy h iv e pr e v i o u s ly hc’ c I i T l s e  in the are ; s t  the p lant i i~ gs they

lO t : nue tIl accumulate sand at a s ignifi c a n t rotc’ l i a b l e  ~
) - A s

i nd i cat ed p rc’i. ions Iv , the unp 1 outed foredune area from .-‘ulgust 1975
t o  \ Io~ust 1 9 o  accumulated 4.0 cubic y a r ds  per 1 in. - . r  foot of beac h
ye r— us 2, 3 and 3. 3 cubic yards (3. 1 cubic meters per i i  nt - I r meter
of  beach Vt ’  r’cus 1 - ~ and 2. S cubic meters) for the I , — foot sea
oa t s and I , 100— foot h i t ter  panicum dunes , r e s p e c t  i vely (Table (} -

Flo set-er , i f  ‘ t ’ ;ir’ lv t r a pp ing ra tes  from the t ime of p lan t ing  through
t he .-\ugust 19Th measurements art - cons i dei’ed , the planted segments
are c t  ill w e l l  ahead w i t  Ii 6 . 25 versus -2 . 0 cubic yards per Ii ne il

foot (4 . S -,-ers us 3. 1 cubic met ers per Ii near meter )  of beach per
290—foot  cross s e c t i o n .

hinough vegetat ion , p r i m a r i l y  sea oa t s , has heco n~o c- stahl i shed in
front of the plantings that si gnif icant volumes of sat i are trapped
in  fron t of the p l a n ted dunes (Fi g. 2-1 ). ‘i’his is hc l i e v e d  to be
responsible for the low amount of sand accumul ating in the middle
and south segments of the I ,200-f’oot Soil oats dune (Table 5)

I f  periodic s tud ies  are made on these plantings , a speci a l
e ffort should be macic to find the rate of natural dune replacement
and how r a p i d l y  the vege tat ion in the foredune area reaches the same
status as that behind planted dunes. Presentl~’ , t he unplanted dune
area appears more arid than that hehind the planted dunes (Fi g. 2 5 1 .

h. Beach hi r o s i o n  or Accret ion. Apparently , a ma )or source
of concern re lat i ve to beach processes is , what wi l l  a par t icu lar
action do t o  erosional and depositional patterns ’? ‘l’ab le 10 g ives
t he d istances from the east  base line (A pp. A) to M~ I.. \lthou gh
variat ions of 30 feet were common from date to date , surprisingly
l i t t l e  change was recorded overa l l  for the four measurements.
There was probably no actua l change during this reriod other than
norma l short- term f luctuat ions.

c. Net l,os~ es or Ga ins. Brown , et a I . (19Th) reported that
northern Padre Island is i n  a period of r e l a t i v e  s t a h il i t v .
Howe ver , t hey he! eve that during t h e  past 125 yea r-c the is land has
entere d an erosi onal phase , and that the volume of sediment being
supli l i ed to the Corpus Chri St a rca has reached a en t i ca l  dc f i  c i  ericy
Therefore , t he long—term trench is  erosional  rather  tha n : lc c r ’ et i l l g.

The data in th i s  st ud’s ’ te nd to inch ) c’ate s i  i ‘ h t  c r05 ‘n on t tic’
nort h end (Table 7 )  and a stable beach fron; the d~i tis. - — t~ l i t Ii ‘ \~ C - t I - - 011

sout h. Tb is trench a 1 SO agrees wit hi the rd l it  i ec’ ‘4ancl ~~ i) I i r ie  II.I I i

r r - to i r t ed by Brown , et :i l. ( 1976 )
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a. [)une-wid th extension

.5. 
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b. 1 ,200-ft bitter
an i c urn

Figure 24, Sand accumula tion gulf side of foredunes.
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Fi gure 25. Vegetat ion establishment bayward of foredunes .
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3 . \ c ,
~ c t a t ive Di ff e rences Between Planted L)unes and Na tu ra l ly

I o i’mi t i g Punt’ s

When the area heir i nd natura l ly  forming fo reduncs is cornpu red
to the p lan ted  foredunes , there is an obvious a ppco i ra r l cc ’  of a mo re
a r id envi ronment i n  tI-ic unpl anted nat ora l dune a rca (I-i g - 25)
‘Ihe more rues I c nii cruel i nate hayward of ex pc ’r i mental p lant ings is
he! i evs.’cI to be due to the damming e f fect  provided by t he resultant
dunes . These dunc’s retain rainwater in the mi ddune area , providing
a more (‘avo rabi e habit at and beconu i ng more frec’ of sa l t  spray than
t he area behind the unplanted natura l ly  fo rming dune . l’he obvious
di ffc ’ rcnces as ref lected h’s’ the vegetat ion measurements are as
( 1 ) 1 1 OIls

(a) The perennial grasses (b i t ter  panicufli , sc~~ hOre
dropseed , and sea o a t s )  are found only occasional ly
i n  and behind the un p l  anted dune area , hut are common
b e h i n d  the other dunes. ‘l’he sea oats is increasing
rap idly in all hut the unp 1 anted area (Tab Ic 11) -

(h) Gui f c’rot on i S 911 1 t e common on the unp I anted study
t~ 1 , h u t  nearly :ib -cent behind the plant 4-d study areas.

I I I f c ro tou s believ ed to be a ye r’s’ drought tol e rant
s - e c u ’ -  and in this case one indic ’ :ut ive of a t’ :orc-
a r I d  m i  ~ t’ llc ) IV  I rot i i nc ’)I t -

I c ’ ) - e a ch  1- v t-fl i rig ~~~0 ) f l i l ’ S c and beach morning glory s s . -  re

~
)parc ’nt Iv at home in 1 C 5 t h  envi rIlutlet- I ts

Is. ! lic’ ~~~~~~~~~~~~~~ s p e c i e s , -
- - I ! ’  ~~~~~~~ 1 7 , - I ’ - i l . ’ s.~~,

and - i ‘ - 
~~~~~ 

, - 
~ ‘

-
~ ~t l l apparent I y re~ u i rc- a more

:ie’s i c habi tat; th c- . w e re only found in b C .  areas
w~hind the dunes . their near absence l i a b l e 11 )
from t he unpianted study are a is a lso bel ievc ’c l
indicative of r e lat i ve  a r i d i ty  among the exper imenta l
s i tes .
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A P P E N D I X  A

1)EiTAILED PIAGRAM OF NORTH PADRE ISLAND STUDY PLOTS

Beach measurements shown are the distances to the base line ; fore-
dune measurements include the 100 feet gu lfward from front of dune
(g rass  extension) and the length of measured cross section except for
dune-width extensi on and 1 ,1(10-foot bitter panicum dunes where distance
indicated is to the hack of the dune only.
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19+40 
131’ 69~~~JQ0..~1 North end of unplanted

natural dune area

18+40 
135’ 65 ’1_ 1.QQ’ 1

17+40 
138’ 62 ’ ,_ 10,~~ _ , — . 

MSL

140’ 60’ 100 ’
16+40 4

~ ISBM “K” (7. 45) —I- - —
\

143’ 57’ 100 ’
15+40

145’ 55’ 100 ’ 407 ’ o
14+40 

S - - 5 — — .  - 

~MSL

13+40 
,~~ 146’ 54~,_ J.,0Q,’

12+40 
144t 56’ 1OO ,~

40’
11+40 ~~BM I’ (7.68) South end of

unpianted natural
dune area

Scale: 1 in = 200 f t

0+00 U~1 1,200-ft sea BM “AL” (6 .32)
oats No. 1 (9.95) (Measurements start at 0 at BM “AL”

and go both north and south)
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~~~~
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190’ QO ’ 1 1 ’
18+10
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‘

~ ‘~.‘ BM BC I (6 .65)
—

ion ’ O’i ’ 0 ’
20+10 — 

~~~~~~~~~~ 
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214:10 190 ’ 
~~~~ ~~~

‘
, — . 

346 ’
, 0

MS L

190 ’ 91’ °‘22÷10 ‘-. ~~~~~~~~~~~~~ I~~
‘-i,>

~,,1~
140’ ” 100’  fl~~ ’ 11’

23+10 — — - 
~~~

‘ - -

BM “C” (6.27)

24+10 _~ 9o’ ,~~ 4 ’ 6 ’

26+16 26+16 South end of 1 ,200-ft sea oats dune
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36+42 BM 1 ,100-ft h i t ter
panicum No. 2

35+97 (8.57) Nort h end of dune-width
extension dune

38+06 ~~~ ‘ 
132 ’~~~ iOO ’~ 38’

~~~~
‘ BM “o ’ ”  (6 .40)

135’ 100’ 40’ 262 ’ 
—~~39+06 

~~ MSL
so

\
0~.

40+ 22 ~~~ 
1001 

~~~~~
‘ 

South Fnd of dune-width
extension dune

40+9 7
41+0 7 9 ’  100’ 131’ North end of 1 ,100- ft
41+52 bitter panicum dune

42+4 2 - 
95’ 100’ 128’

84’ 100 ’ 131’
43+32

95’ 100’ , 96’ . ,  —‘  — ‘  — .  ~~~~~~ -~~~~ — ‘  0
BM “E” (8. 76 ) MSL

86’ 100 ’ 70’
45+12

46 +02 .90’ ~~,jO Q’_ ,5O’

76’ 100 ’ 49’
46+92

84’  100’  ~iI7’ 354 ’ 0
47 +82 ‘ 

~~~~~~~~~~~~~~ 
— - — — ‘ ‘  MSL

78’ 100 ’ 48’
48+72 “~~ 

49+62 ~~~~~
‘ 1~ 0~~~47’

BM 1 ,200-ft hitter
panicum 50+47—~ 85’ 100 ’ 44’
No. 1 50+52 

-

(8.25)
51+42 g~ iQQ~~.,38

’

52+08 South ,end of 1,100-ft bitter
pan icum dune

BM “Kenny” (7 .37)

53÷92 4 — - - — .  

~ MSL
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57~ 47 A BM 1 ,200-ft b i t t e r
Panicum No. 2

61+45 North end 1 ,200-f t  b i t ter

___________ 

74’ 26’  panicum dune
61+95 ~~

- - -

____________ 

75’  25’
62+95 ‘

~~~

‘

___________ 

77’  23’
63+95 ~~~~~~~~~~~~

‘

______________ 

78’ 22’ 331 0
~~

A +f l C  
._ - — - — - — - — - — A________________ — 

MSL
b.Y
101’ 

______________ 

86’ 14’
65+95 ~~~~~~ 

- - -

BM “M” (7.82 )

66+95 “ ~~~ 88’ 12’

100 ’ 4’  332 ’ 0
67+95 MSL

___________  

100 ’ 17’
68+95

69+95 
iOO~~ 26 ’

100’ 37
70+95 k--

-

100 ’ 34’
71+ 95 ~~~

- - - -
~~~

72+95 ~~~~~~~

7 3+43 — South end of 1,200-ft b it ter
panicum dune
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