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INTRODUCTION

Shoreline Thash
Shoreline trash is unpleasant and often hazardous to both humans and wildlife,

In an attempt to clean the beaclies of trash, many coastal communities spend mil-
lions of dollars each year and conduct volunteer clean-ups. Such measures, how-
ever, resolve the problem only temporarily and trash usually reappears on the shore-
line within a short period of time. The most cost-effective and long-term solution to
the beach trash problem is to identify the sources and eliminate illegal dumping.
Shoreline trash monitoring projects provide useful information in understanding
shoreline trash and enhance efforts to reduce it.

Several studies have been undertaken worldwide in an attempt to characterize
and quantify beach trasl-t. Most of these were conducted at infrequent intervals
(monthly, quarterly or yearly), and for only a few years. The shoreline trash moni-
toring program undertaken at Padre Island National Seashore and described in this
report is the most extensive of its type ever initiated in the United States. Statistical
results from this project are mol€ comprehensive than those galhel-ed during any
other similar study of shoreline trash.

The project was undertaken to determine the types and amounts of trash that
litter the shoreline of Padre Island National Seashore, the temporal and spatial varia-
tions of trash, research methods required to obtain statistically valid data on shore-
iine trash, and specific sources. Protocols used to conduct other shoreline trash
studies were generally unsuitable for Padre Island National Seashore mainly be-
cause of the large amount of trash typically found there. Additionally, very little in
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Plotkin' 1998)' . r ,--L^- ^-^ ^r"arco n and recreation';;;;;hiit 
"na unr"i" beaches are adverselv affecting the tourisr

industries of the curr coait. It is becomini increasingly expensive to clean and

maintain beaches in o,f,u, to provide the ftcreational experience anticipated by

visitors.
Theprirnaryreasonfortrashaccumulat iononPadrelslandistheconvergent

currents occuning "1";;;;;;ii.;"t,li"ethat deposit the trash floating in the Gulf

oiror.*i.o onto tlie South texas coastline (Figure 1)'

The amount of trasn on the beach is directiy relaiedto the arnount that is flushed

or dumped into the Cufi'tnt strength' direction' and duration of the wind' and the

height of the incorning tides'
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SCOPE OF THE PROBLEM
The aesthet ic and environmelt-

tal impacts associated with shore-
l i n e  t r a s h  o c c u r  w o r l d w i d e
(Cot t ingham,  1988;  Far is  and
Hart, 1995). To reduce the amount
of trash dumped into U.S. waters,
in 1988 Congress passed the Ma-
rine Plastic Pollution Research and
Control Act. The United States
joined 39 other nations ratifying
Annex V of the International Con-
vention for the Prevention of Pol-
lu t ion  f rom Sh ips ,  known as
MARPOL. Annex V of MARPOL
makes it illegal for U.S. and for-
eign ships to discharge plastics
into the world 's oceans. This
treaty was an important step in ad-
dressing the significant environ-

mental and economic problems caused by the dumping of trash in the ocean. The
Padre Island study was in a good position to evaluate some provisions of MARPOL.

Demonstrating that shoreline trash is a worldwide issue, the Center for Marine
Conservation (CMCI estimated that over 3,000 tons of trash were cleaned from
beaches of participating countries and territories during their i997 International
Coastal Cleanup (Center for Marine Conservation, 1998). Of the 3,000 tons re-
moved, CMC estimated that approximately I,500 tons were collected on the United
States coastline (Sheavly et al.,1998).

While much information has been published on the subject of marine and shore-
line trash (Hanson and Ribic, 1994), a scientific consensus is lacking. For example,
estimates on the amount of trash dumped into the oceans each year range from 2
billion to 14 bill ion pounds (Cottingham, 1988; American Management Systems,
Inc., 1991; U.S. General Accounting Office, 1995), indicating the lack of sound sci-
entific measurement and reporting. Scientific opinions regarding shoreline trash
methodologies and data collection techniques also vary.

Surveying the Problem: 1989-1998
From 1989 to i 993, Padre Island National Seashore was one of ten national park

units participating in a national shoreline trash monitoring project. The project
was initiated by the National Park Service and the National Marine Fisheries Ser-
vice in an attempt to assess beach trash abundance, composition, and accumula-
tion rates at each of the park units (Cole and Kliwinski, 1998) and to evaluate the
long-term trend in ocean pollution. This project was the first shoreiine trash re-
search project of its type. Each participating park conducted quarterly surveys of
several one-kilometer plots and recorded and removed 76 different trash items.
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il,
:{, Although the initial profect was.completed in 1993' park staff at Padre Island con-

i tinued to conduct shoreline trash research until o:t:10:t"1.11i:"3j11iii;'i:*1.

;#Tfi#ffi il;.tion methods were refined and a successiul qualitv assur-

un.a ptogt"* was established'
As sampling mettrois were analyzed and refined' sampling protocols changed'

The sizes of tr,e su*ey*f,lot;^;;;;"rged from 50 x 10g-meters (1991-1993J, to a

single survey ptot "n.oi'iu"i"g a to riile-tong section "j tT^T:t"" {1994-1998)'

survey frequency urro ,n-""rg"J riom cottecting irash ona quarterly basis to collect-

ing data on a daily u"rir--r" addition, the iumber o{ trash items surveyed and

coilected was reducedirom Ze individual trash categories (1989-91)' to 49 categories

(daily survey /Ig9Z-%;,;;+: c"tegories (199a-98) ai potential point sources of trash'

COLLECTING THE DATA

Tnn Fnsr Tnnsn SunvEY: f989-1993

ln lggg, padre Island National seashore began shoreline trash monitoring as

part of the National park service's five-year stuoii rne National Park Marine Debris

Monitoring Frogram. i;li"iiiut yu.t-park staif surveyed the five' one-kilometer

plots as required by the national survey protocol' These plots were located in

var. iousareasalongthelengthoftheseashoreandwereseparatedbyasmuchas40
miles.Becauseofthequant i tyoftrashandlogist icaldt. f f icul t iesinreachingthe
survey piots, the rir" ot-trc ftots and distance 6.t*.un them were reduced in the

secondyearo f thes tudy ' Ins teadofsurvey ing the f ive 'one-k i lometerp lo ts 's ix
computer generated 50 x 100-meter survey ptotsi^rere selected for monitoring within

a 16-mile-long sectionof shoreline' These plots were placed between one and three

miles apart una ,u*"y"J ouurt"rq beginning in Febiuary 1991. Depending upon

the amount of trash d";"; touna wltt in th"e plots, each quarterly survey usually

required one ro tnree'aavs io lomptete. prorn iggr to 1993' park staff collected 30

months of data from the quarterly surveys'

In an effort to obtain ihe most accurate data possible, srnall flags divided the

individual survey pfot' into rows approximately two meters wide' Every trash item

larger than five miUlmei.l, ""4 .,riiiUte iro* u'u level was recorded and removed

fromthesurveyplots 'Thef lagsmadeitpossibleforsurveyorsto{ocusonrecord-
ing and rernoving ,t " i*rtr ii*, fo."t*O only between ine flags instead of the

.nlit. tutu.Y area (Photo BJ'

Todeterminetheextentof lateralmovementoftrashduet0rain,windandt idal
fluctuations, all trasnltems located within 50 meters of each survey plot were painted

(Photo 9).
Thenewpaintkeptsulveyorsfrommistakenlycount in8thepainteditemsas

newty depositea itemi fnat ii, if a pruuio,r.ty painted item was located within the

suruey plot on tn" auy of tne quarteriy "'*"y""tueyors knew it had moved in from

the adiacent SO-metei "orru ""d was not n.*ty deposited-trash from the ocean' In

this way previously painted items were iemoveo from the survey plots and not

recorded in the database'
In septembe, i;;i, a storm washed hundreds of tons of natural debris and

1 1



thousands of man-rnade trash items
onto the Padre Island shoreline (Photo
10). Wittlin two weeks tides and winds
had totally cleaned the debris and trash
fror,n the shoreline iPhoto ll). These
events occurred just prior to the quar-
terly survey. On rhe day of the quar-
terly survey trash was noticeably ab-
sent from the survey plots.

Winds and tides profoundly affect
the rnovement of trash along the beach
from shoreline to primary dunes and
back. Depending on the wind speed,
direction and duration, trash items can
be blown back into the Gulf and sub-
sequently float with the currents until
they are re-deposited onto the shore-
line with the incoming high tides. park
staff, therefore decided to examine the
overall effects of wind and tides on
shoreline trash accumulation. In 1992
four new 50 x 100-meter survey plots

2A 28 2C

Figure 2. Location of

tracted from the total
difference between
moved or buried bv v
during the quarter 6ut
day of the quarterly
moved or buried by wi

For the first two

primary dunes.
newly uncovered items
time (photo l2j.

One of the study obi
MARPOL accumulation
had been recentlv
been uncovered by therrc
sibly pre-MARpOL rrashl.
son, during thjs and all
daily surveys were di
eral days to prevent datd
rors.

edge through the copphe
wasntng or severely dam

were added to complement the six quarterly sur-
vey plots. Data were collected from the l0 survev
plots for the succeeding l8 months. The new plots
were established adjacent to two of the quarterly
plots but were surveyed on a daily basis. All ten
survey plots were identical in size and spaced at
varying intervals along the l6-mile survey area.
The close proximity of the new plots to the quar-
terly survey plots allowed park staff to compare
the variation between daily and quarterly trash ac-
cumulation and composition. Trash items found
within plots l, 28, 38, and 4-d were counted and
removed quarterly, while items found within plots
2A and 3A were counted and removed dailv. Items
found within survey plots 2C and 3C were iounted,
painted and left in place {Figure 2).

On the day of the quarterly survey, all painted
items found within survey plots 2C and 3C were
counted and rernoved- That number was then sub_

Photgs 8-1 1: Fram top ta bottoril: park statf surveying study
plol; Park staff pahtingtrash items;Shoreline [ttered with naturat
debris and man-made trash afier stom; Shoreline cleaned by
winds andtides

fFF1F-._
Additionalty, ro ol

fined understanding of
cumulation, each dailv s
divided into two zones.
included the foreshore
of shoreline from the
the high tide line), and

1 2
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2A 28 2C 3A 38 3C

Figure 2. Location of daily and quaftedy survey plots

tracted from the total number of items that had been painted over the quarter. The
difference between these two nurnbers equaled the number of items that had been
moved or buried by winds or tides. For example, if 3,000 items had been painted
during the quarter but only 200 items were found remaining within the plots on the
day of the quarterly survey, surveyors concluded that 2,800 items had either been
moved or buried by winds or tides.

For the first two years of the study, the plots were surveyed from the water's
edge through the eoppice dunes. ln 1992, a storm produced extremely high tides,
washing or severely damaging many miles of coppice dunes and several miles of
primary dunes. Thousands of trash items washed out of the coppice dune area,
newly uncovered items that had been previously buried for arr unknown period of
time (Photo 12).

One of the study objectives was to obtain trash accurnulation data on daily post-
MARPOL accumulation rates. However, it was impossible to determine which items
had been recently deposited (post-MARPOL), as compared to those items that had
been uncovered by the tidal surge (pos-
sibly pre-MARPOL trash). For this rea-
son, during this and all future storms,
daily surveys were discontinued for sev-
eral days to prevent data collection er-
rors.

Additionally, to obtain a more re-
fined understanding of actual trash ac-
cumulation, each daily survey plot was
divided into two zones. These zones
included the foreshore zone (the area
of shoreline from the water's edge to
the high tide line), and backshore zone
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NearshorePrlrnary

Dunes Trdal rqrea

F(;ure 3. Shoreline zones

{the area of shoreline located from the hiSh tide line to the primary dunes) (Figure

i). po, the following 18 months, the locations of trash in the zones were recorded

and the items removed from the survey plots. If the trash items could be recorded

and collected daily, surveyors would then know exactly how much new trash was

washing ashore.

AN,rr.vsls or Dnrn FRoM THE Frnsr Sunvsv

Accumulation
During the 10 quarterly surveys (1991-93), 54,755 trash items were counted from

the six qiarterly plots (Table l). In comparison, during the 18 months of the daily

survey (iSr)Z-gl), tZ5,l99 trash items were counted frorn the four daily survey plots'

Table 1. 1991-93
Year Quarter

-Total 
ltens Gollec{ed

1991 Spring 3778

1991 Summer 7500

1991 Fatl 7249

1992 Winter 3053

1S2 Spriqg 5796

1992 Summer 6906

1992 Fall 3758

1993 Winter 3180

1993 Spring 7308

1993 Summer 6227
Total 54.755
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Analysis bv Zones
In the beginning of the suruey the number of items recorded within the backshore

zone of the survey plots was almost,as great as the numbers recorded within the
foreshore zone (Table 2). As winds and tides uncovered the trash located in the
backshore zone and those items were remo\red from the survey plots, the number
of iterns decreased dramaticallv.

Table 2. Comparison of the number of items collected in the foreshore zone wilh the
number colle<led in the backshore zone 1992-93

Samplinq Zone Number of ltems Percent of Total
Foreshore Zone 85.154 63%
Backshore Zorp 50.o45 37%
Total 135,199 1046

igure
rrded
rrded
was

from
daily
rlots.

Analysis by Category
of the 135,199 trash items collected from the daily surveys, 76 percent of the

items came from only l0 percent of the categories. These items included foam
fragments, tobacco items, small plastic bags, and small pieces of plastic sheeting
{Table 3).

Although the number of small pieces of plastic and foam was greater than the
total number of items collected, these fragments could not be linked to a specific
item. Thus, beginning in 1994, less emphasis was placed on the collection or trag-
mems.

Analysis of Winds, Currents, and Tides
Tfash from the Gulf of Mexico accumulates on Padre Island National Seashore

because of currents, winds, and tides. The direction of the wind can greatly influ-
ence the amount of trash found on the beach on any given day. contrary to what
mi8ht be expected, there is actually less trash on the beach when the wind is blow-
ing onshore {Table a).

Table 4. Average number of items collected per



How of fshore winc ls
could de;rosit more trash
on the shorel ine thatr  on-
sho re  w inds  was  r l  f i r s t
quite perplexittg. Survey-
o r s  f o u n d  t h e  a n s w e r
when h igher  thatr  nornta l
t ides re-deposi ted l rash
f r o r n  t h e  d u r t e s  a n d
backsho re  zone  t0  t l ' l e
foreshore zone. Trash sut--
veys concluclecl immetli-
a t e l y  a f t e r ^ a  h i g h  t i d e
record a greater atnount of
t r a s h  i n  t h e  f o r e s h o r e
zone because high ticles arrd wind erpose trasir that rvas deposited irt the backsltore

z-one weeks or  even years before the t ida l  event  (Photo l . l ) .  Once exposecl ,  winds

and t ides move i tems into the s l l rvev . t rca.
Using t ida l  data f rorn the Nat ional  Oceanic an<1 Atntospher ic  Adminis t r . r l ion

INOAAI t i t la l  s tat ion located on Padrc Is land,  researchers analyzed the corre lat ion
bc. t rveen the number of  t rash i terns col l t 'c ted and the NOAA t idal  data.  

' l 'hey 
found

that the amount of traslr is rrost highty correlatecl ivith the height of mean higher

high rvater [MFI}{W), thotrgh this correlation differs for the backshore zone and the

foreshore zone (Table 5).

t. {
. - - - - / - '  

' i

Photo 1 3. Trash exposed in the backshore zone of the beach

'CF\- "+rab-.

' tft-'*

Table 5 ComParison of SPearman's
MHHW and items collected

correlation coefftcients between
from the backshore zone and

foreshore zone

Wind Direction I Correlation between itHtllftl and ltems Collected

rF 0 102

Offshore

In  other  words,  the ef fect  of  h igh t ic les on increased t rash is  h ighest  when winds
are b lowing of fshore,  again suggest ing,  that  h igh t ides tend to move the t iash that
has been l rur ied in  lhe dunes onlo the shorel ine.  In  fact .  the ef fec l  of  u ' ind is  more
pronounced when tides are higher. regardle'ss of r,r 'hether wincls are blowing on-
shore or offshore" Wind effects appear to be stronger when they blow offshore.

l--igure 4 depicts the average effect of winds on the nunrber of i lems collecled.
"Low" r 'e fers to days when t l re  MHHW was below l l t r - '25 ' r '  percent i lc .  "Mic l "  rc ' fers
to t l ' rose days on r . t rh ich the MHHW was bctr .veen the 25 ' r 'aud 75 ' r 'percenl i les ( i .e . .

average h igh t ide daysl ,  "High"  denotes those days in  whic i r  the MHI{W was in the
upper 75 ' r 'and 100' ' '  percent i le .

Whcn the MII I {W is  a l  a  lower level  ( i .e . ,  thc h igh l ide is  lower than usual) ,
wi l ic l  t l i rect ion appears to have no ef fect .  Whcn t ides are in  mid-rangr- ,  onshore
wincls appear to tleposit morc trash or.rto the shorelinc. So it is only at the highcst
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tides" those in th,e uppen 75th to lO$h percentile, that offstrore winds seem to deposit
more iter-ns onto the shoreline.

As Figure 5 depicts, item counts are actually higher with an offshore wind and
hi6h tides. ?his e'ffecr of winds and tides, howeve4 is noticeably different berween
the backshore and foreshore zones.

Table 6 and Figure 6 illustrate the combined effect of winds and tides. The
'hlghest number of trash itersls was found in the foreshore zone wtren the wind was
blowing offshore and tides were high. Medians of 138 items per survey plot were
collected under this condition. A rnuch sn'laller median nurnber was found in the
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Table 6. Median numbers of items colrected per day per survey plots vs. wind rul
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Figure 6 Effect of winds and tides for each sampling zone

foreshore zone when tl-re tides
in the foreshore zone was five
condit ions.

The effect
dally removal

were mid to low. I'hus, the median number of items
to nine times higher than the item counts under other

of winds and tides on trash movement underscores the importance of
of all recorded trash from survey plots.

Variability of Trash Accumulation
In surveys conducted only quarterly, the number of trash items fluctuatecl greatly,

so much so that trash accumulation at different times anci locations along the"shore-
line completely masked any seasonal trends. Furthermore, infrequent data collec-tion could easily result in insufficient data and consequent mi;interpretalion of

1 B

zone. wind and height of MHHW
Samplinq Zone Wind Dircction Tides tledian Number of fterns

Backshore Offshore Low 1 6
Backshore Offshore Mid 23
Backshore Offshore Hish 1 3
Backshore Onshore Low 2?
Bas*shore Onshore Mid ?a
Backshore Onshore Hioh 29
Foreshore Offshore Low 2n
Foreshore Offshore Mid 1 5
Foreshore Offshore Hish 138
Foreshore Onshore Lorv 1 8
Foreshore Onshore Mid 27
Foreshore Onshore Hioh 53
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figure 7 .Varrability in trash accumulation for randomly selected three-day
periods f rom July-August 1 992-93

trash accumulation rates and composition. Figure 7 represents trash accumulation
for randomly chosen three-day periods for a two-year duration. Comparisons of the
number of items counted from month to month, within months, and between years
demonstrated extreme variability. No matter which days, months, or years were
selected for comparison, daily trash accumulation varied substantially.

The number of trash items collected during the first week of August 1992 ranged
from 100 to 200 per day (Figure 8). In contrast, the number collected each day
during the last week of August ranged from 1300 to 2900. With only quarterly
surveys, different conclusions would have been drawn depending on which week
the survey data were collected.
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Figure 8.Total number of trash items surveyed for August 1992
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Figure 9 depicts another example of the variability of trash accumulatiol. This
example relates the differences between total trash accumulation for two quarteriy
survey plots (28 and 38) and lwo daily-paintecl survey plors (2C anrl 3C), for one
quarter ly survey period. Survey plots 2B-2C and 3B-3C were ident ical  in size and
located adjacent to each other.

Survey plots 2C and 3C were further delineateci by cor,rnting lhe number of painted
and unpainted items that remained in the plots on the day of th" qua.terly .survey,
rnaking it possible to obtain several different type-s of temporal ancl spatial claia
analyses on trash accumulation rates. tt did not matter which quarterly survey
periods or survey plots were chosen for comparison because everv period and ev-
ery plot exhibited high variability.

on the day of tire quarterly survey, all unpainted trash items (2c-2 and 3c-2)
within survey piots 2C and 3C were counted anct removed. These items hatl washed
into the survey plots from the previous day's high tide(s]. 'fhe number of un_
painted items was then compared to the number of paintecl ite.ms remaining within
the survey plots (2C-1 and 3C-l), allowing surveyors to determine rhe dlfferent
rates of trash accumulatinn.

To compare quarteriy trash accumulation rates and daily trash accumulation
rates, the total number of items collected frorn survey plots 2C and 3c was corn-
paredto t l le to ta lnumbero f i temsco l lec ted f romsuneyp lors2Band3B.  Ac ld i t ion-
ally, the total number of painted items (2c-1 ancl 3c-1) remaining within the survey
plots 2C and 3C was compared to the total nunrber- of items thit were previouslv
painted during the quarterly survey period. The difference betweerr these numbers
was an indication of the total number of trash items that hacl been either moved
from the survey plot or buried during the quarterly survey periocl. For exarlple, if
2000 items had been painted during the quarterly survey period, finding onty zoo
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Sample Size
Quarterly surveys at Padre Island do not appear to accurately depict temporal

trash accumulation rates. If educational programs, regulations, and other measures
are to be effective, more frequent monitoring is necessary. This study indicates
that, at a minimum, weekly monitoring is needed.

Environmental Factors
Environmental variables at Padre Island have a major influence on trash accu-

mulation, and may not be accounted for in quarterly surveys. For example, if a
quarterly survey is conducted immediately after a storrn or unusually high tides it
wiil likely register a significant increase in trash accurnulation. However, if the
survey is conducted imrnediately before such an event the survey might register a
large reduction in trash accumulation^ Winds and tides that occur in the backshore
zone erode the dunes and transp rt the trash to the foreshore zone. Therefore, it is
important to continuously monitor the winds and tides in the survey area-

Seasonal Trends
Seasonal human activities in the vicinity of Padre Island affect trash accumula-

tion. Some point sources of trash such as commercial fishing are seasonal, so
quarterly surveys may miss them in the accumulation of specific trash items. For
example, from 1994-98, daily surveys were conducted on a l6-mile-long survey
area. The peak in trash accumulation for 1997 was in July. This peak occurred just

after the opening of the Gulf shrimp harvest season. Had the survey been con-
ducted on a quarterly basis, and initiated at any time other than mid-July, the sea-
sonal increase in the specific trash items being surveyed would have been missed.

The Accumulation AssumPtion
The assumption behind quarterly surveys is that the data collected on any par-

ticular survey day can be extrapolated to represent 90 days of trash accumulation.
However. the Padre Island National Seashore data indicate that, over the quarter,

almost all of the trash that had washed into the quarterly survey plots was either
buried, blown inland, or washed out of the plots by high tides. firr this reoson,
quarterly surueys at Padre Islnnd Nationnl Seaslwre dn not record the total amount
of trash that washed ashore during any given 9o-day time period. and trends bosed
upon quorterly data are therefore ftot statistically meaningful. Identifying signifi
cant deelines or increases in trash accumulation in the presence of high daily envi-
ronmental variations and seasonal activities requires a statistically designed sam-
pling plan with surveys conducted more frequently. Data on trash composition and
accumulation rates obtained frorn the daily surveys proved to be more precise than
quarterly surveys, which were also poor predictors of seasonal or annual trends.

Additional Considerations
Large differences can occur between the number of trash items counted even if

the surveys are conducted on the same day and in the same area. These variations
are a result of two problems: fragment counts and collection of backshore zone
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fi trash. If fragments are co'ected and counted the same as larger items, they willi skew rhe number qr traylr irems upward, distorting irr" orl'*a making temporar,i trends rnore difficutt to iOentify. 

-r -q'v

;a The Padre Island Nationai se'ashore study demonstrated that rhe incrusion of'$' fragments may be unnecessary and i'appropriate to monitor trends. Fragment' items inclucre cigarette burts, bailoon. "n.r .ibbo.rr, ,r"lipirril pleces, smalr pieces;j- of rope' ner or fishing line, and fragments of ptrastic bags, most of which were'.,!' fragmented as a result of wave actioi ina neacrr traffic.-"Forexampre, whether a
,t ii,',ff H:"f :::il"j^*:T^,TI_. dor.n o.p*nJ,-upo,iho* long it remained: on the beach and the decision or tne suru*y-o;l,Ifd#;J'ril:#il:j: fiTi'ffilber of trash items collected quarterly *il u. much higher than the number of itemscollected during weekiy surveys ttrat exctuae fragmeits. ror-irri, .u".on, fragmentdata should not be coilected. Ho*.uui, 

-ir 
rragment data are coilected, such countsshould be separated from the to,ur "u*il., of items ,""ora.J.--ihe total counrs,rninus fragment data, should be used to Jemonstrate temporar and spatial trends.old trash may accumulate i'to the backshore zone. If a surveyor includes withinthe count trash from the backsho.. ,on., " rurge inc.ease i"-""Jr*"r.don may beexpected following an unusuaily high tide or a windy storm. Therefore, backshorezone data shourd not be combinedwitn out, collecied in the foresrrore zone andwinds and tides on a survey beach need to be monitored continuoustrv.

THr Sncouo Tnasn Sunwy: lgg4-lggg
i Statistical analysis of the first trash survey made clear the need for increased
; ilifflj::i;l,?,:lo,j,:"."j:::"j":::3ts_i:.y;;r:^;;;;'-*"" on trash compo-:'i€: srron' accumuration rates, and seasonat trends. rn rss+p;rk;.ffi#:ilr:T#,

t€' il."fi jTii:i::ff *i:Tg^,:Tl.::@r.prosram. n entaled recording and cor_
rrrurts dllrulllous snorellne trash-monitoring.program. tt entaileo recording "na.oij

=.$� i:r::i:1:O:l!r:"ote kinds or ria-srr items from a 16-mle rons secrion of foreshore'4 z0ne on a seven-day per week basis. It became one of the moit extensive shoreline
,:$ 

ou*,.onitoring research projects of its type.
-; rne new survey area was divided into 16 mileJong survey piots, ailowing sur--f veyors to compare daily trash accumulation and compJrition in]ong the individual: survey plots. Daily removar of the trash item.s from tt " ,u*uv "rea allowed survey_; Ors to obtain highly accurate accumulation data .na pr"u.niii oupticate counting.r'$ Forty-three specifictrash items r.u.ttor"n ror cotteciio^ u..Jur" the 1991-g3 data'S. had indicateg thar 

*:l:::: ]1" 
",*1 n!*gnt items deposired onto the shoreline.

, j ,.^lhlr*w 
if-1nitg rong survev area incruded rhe ten 50.iiil_..ter plots that had; Deen surveyed for the previous three years. This ailowed ,r**yo* the opportunityI t0 obtain and compare data from different sized survey plots. surveys on the otherI daity-and quarterly plots were OiscontinueA,

* r nrs new rn".*l:.-Tgnir:r1$ program was conducted from March 1994 to-:$' reuruary 1996, and from March rsii toleuruary 199&*;;;;; that rime, survey-';gi ors collecred 957 days worrh of dara, surveyea n,izi rni1eroir'r,j..rin*, and counted'j a total of J76,J96 trash irems una i"rou"d them fr",n th" ;;;;;y area. Excruding;j fragments, they collected a rotal at LAi,Ois trash items.
':i



Study Obiectives
The extensive temporal and spatial data of this survey provide a unique oppor-

tunity to investigate fundarnental issues and statistical questions about the collec-
tion and general analysis of shoreline trash data. The collection and analysis of
shoreline trash is complicated by several statistical questions, which can be broadly
grouped into two categories: survey design and data analysis.

Survey Design
Issues related to the design of shoreline trash surveys include:

o How frequently should the survey be conducted?
o How many sites should be surveyed?
r What types of data should be collected?

The evaluation and analysis of data co'llected at Padre trsland Natlonal Seashore
presented in this section address these three questions. Unique in their temporal
and spatial depth, data analyses were complicated by a previous lack of compre-
hensive research into statistical models for evaluating shoreline trash data. Previ"
ously published statistical reports analyzing shoreline tnash data use standard tech-
niques including analysis of variance and repeated measures analysis. The validity
of these analyses depends strongly upon the statistical rnodel assumed for these
data.

Data Analysis
Until now, it has been impossible to statistically evaluate the assumptions of

these previous analyses because of the absence of adequate data. Other trash stud-
ies have collected data at various sites and times, often on a relatively infrequent
basis. As previously noted, surveys conducted on an annual or even monthly basis
may be inadequate for evaluating temporal changes, and are likely inadequate for
identifying point sources of trash. Events associated with point sources of trash are
likely to be seasonal, and a monthly or annual survey will not provide adequate
statistical identification of this source. The Padre Island National Seashore data-
base, however, allows for an evaluation of these assumptions and for improvemenr
of these analyses or development of new methods for modeling shoreline trash
data.

Key Questions
This section attempts to answer the following key questions:

l. What is tlrc mcgnitude of spUial and temporal variation in tlrc
Padre Island National Seashore data? The magnitude of these
sources of variation suggests how frequently sampling must be
done in order io accurately estimate trash levels and detect increases
or decreases in the amount of trash deposited on the shoreline.



e oppor-
e collec-
alysis of
rbroadly

ieashore
emporal
DOmpre-
. Previ-
rd tech-
validity
rr these

tions of
;h stud-
requent
ly basis
rate for
'ash are
lequate
'e data-
vement
e trash

n

Is temporalvartation greater than spatiaruariation? Answering this
question heips to determine how often sampres should be collEcted
and whether it is better to sample frequently or to sample more
locations.

Is the spatial distribution of trash along the padre rsland, Nationar
seashore shoreline homogeneous? If it is not, what is its d.istribu-
tian? rf the trash items are distributed uniformly arong the shore-
line,.then sampling can be conducted at only a iew siies and they
can be contiguous- However, if the distribution is not uniform,
then it is necessary to sample several different locations and the
model of trash distribution should define optimum spacing between
sampling locations.

How frequently sttould trash d.sta be collected? In some areas it is
common practice to collect trash items on a monthl% quarterly, or
even annual basis. such data are sometimes used to "itimat. th"
total amount of trash that has washed onto a shoreline. The padre
Island survey calls into question the accurary of these estimates.

Can pnncipal component analysis be used. to identify sources of
shoreline trash? The padre Island National seashore dita classifies
trash items into 43 different categories. principal component analy-
sis can be used to identify natural groupings of these categories
and each grouping or principal component dlfines categorie"s that
tend to increase or decrease at the same time.

whor b the best uariabre to use to statisticaily eualuate temporal
changes in the amount 9f trysn washing onto a shoreLine? e t"y
objective of the padre Island National selshore program is to iden-
tify point sources of trash. If the point source was infrequent or
seasonal, one way to detect that source would be to detect .hung",
in the amounts of certain categories of trash washing ashore. 
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Quality Assurance program
several scientists have discussed the importance of implenrenting a quality as_surance pr0grarn for shoreline trash surveys. according to Ribic et ui. (ldsz),"[i]nformation 

concerning quarity assurance program plins for beach surveys isscarce' For studies in which data are collected by volunteers, a training session toguarantee the quality of the data is imperative."
since the inception of the trash monitoring program in 1989, the park staff usedseveral quality assurance techniques, which lncluded using survey flags to guide

the field staff (1990-91J, painting trash items ro assure accuracy [1990-93J, andconducting periodic recounts. During the 1994-9g project, five emproyees were



hired and trained to collect and recortl tht f iek.l data. Oncc the sarnpling protocol
was perfected, volunteers were brought in to supplement park staff.

Ear ly  in  the study f ie ld s taf f  occasional ly  d isagreed in the ident i f icat ion ancl
classification of certain trash itents. While one surveyor rnight have considered a
cer ta in t rash i tem as in tact ,  another  might  record the same i tem as a f ragment .
Photog,raph l4 i l lustrates lhe type of confusior-r that might occur'" Onc surve\,or
might classify the itent as one plastic fragnrent, while another might have recorded
it as one balloon. Or, a surveyor might wonder whether to record the item as one
r ibbon or  e ight .

As the study developed it became apparent th.-rt precise clefinit ions were crit i-
ca l ly  import . ln l  to  min i rn ize var ia l ions in  data c lass i f icat ion,  so park s laf f  devei -
oped anci inrplemented a comprehensive training prograur on item identif ication,
collection, and recording techniques. Supervisors conducted perioclic f ielcl reviews
to ensure qual i ty  contro l  in  data col lect ion pract ices.  Other  . lspects of  the qual i ty
assurarlce program ilcludecl random lecounting of collccted trash items to L.nsure

thc 'accuracy of  the or ig inal  {Photo
1.5) .  and per ioc l ic  rev iew of  c latabase
InpLlt to ensufe accuracy.

The cluality assurance pfogram
proved lo be exception.tl ly effective
at preventing data crrors. From l994-
98. a tolal of 20 seasolral p.alk em-
plo.vees worked betweer.r one and four'
years each as sLlrveyors. To cnsure
continucd data accuracy as field staff
changed over time', vL.terau i ield staff

e x t e n s i v t l y
trainetl new staff
rnembers.  Once
I'tcw sttrvevors bc-
came coll-lpelelrt
in  thei l  ident i f ica-
tion and recording
ski l ls  they rvere
a d m i n i s t e r e d  a
f ie ld test  b1,  15*
p ro jec t  su l l e r v i
sor. After passing
this test the neu,
employees , .vere

.rl lowecl to work
independenl ly  on
the survcy.

Photo 14,15. Ribbon and balloon; Quality assurance program item recount to
ensure accuracy
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For the lg94-g5 survey season, 37,644 identifiable trash items, excluding frag-

ments, were recorded and collected from 4,893 miles of shoreline. For the 1995-96

survey seaso n,28,447 items, excluding fragments, were recorded from 3'918 miles

of shoreline. During the 1997-98 survey season, 38,552 items, excluding fragments,

were counted ttom 3 ,763 miles of shoreline (Figure ll ) '

The average number of trash items collected per month per mile was 7.5 for the

1gg4-g5 survey season;6.8 for the 1995-96 survey season; and, 10.8 for the 1997-98

suNey season [Figure 12). As Figure 12 indicates, trash accumulation varied widely

both monthly and YearlY.

STATISTICAL ANALYSIS
This section describes an analysis of shoreline trash data collected from March

1994 to March 1998 and focuses on the statistical properties and modeling of these

data. The data are unique and valuable in several regards:

l. The Padre Island National Seashore data encompass an extended
period of time during which trash items were collected nearly

everyday.Researchersloggedatotalof.g5Tcol lect iondays.The
majority of other shoreline trash studies collect data on a monthly,
quarterly, or yearly basis for fewer years.

2. Individual items were cataloged into 43 categories, including small

items such as a rubber glove or egg carton as well as larger items,

such as a 55-gallon banel.

3. The data were collected over a contiguous sixteen miles of shore-

line at Padre Island National seashore. The five continuous miles

of shoreline were closed to vehicular traffic, while the remainder

was kept open.

4. Trash counts were recorded by collection category and by loca-

tion along the l6-mile transect. A total of 12,566 samples was

collected during the study period'

5. Surveyors were trained to recognize and catalog the 43 items,

and quality assurance procedures were implemented to periodi-

cally assess the accuracy of data collection

Distribution of ltems
A commonly used measure for conducting trash surveys is analysis of the num-

ber of items collected. This method treats small and large items as equivalent.

Counts are not usually normally distributed, and the square root of a count variable

is used to convert them to data that are more normally distributed.
Determining the degree of spatial variation requires understanding whether or
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not the distribution of trash along the Padle Island National Seashore shoreline is

homogeneous. That is, are the individual trash items washing ashore at the same

rate? this question is answered by determining whether the distribution of the

amount of trash is Foisson and examining the dpatial, temporal, and seasonal varia-

tion of trash.

Determination of Whether Distribution is Poisson
poisson, used in the context of shoreline surveys, is indicative of homogeneous

trash distribution along the shoreline. Counts are rarely normally distributed and
such is the case with these data. The histogram of the total number of items col-
lected per mile is clearly right-skewed and non-Normal. Because counts are not
normally distributed they should not be used in statistical analyses that require an
assumption of Normality (Figure 13J.

Unfortunately, most of the published analyses of shoreline trash data use statis-
tical methocls that require an assumption of Normality, including tests such as analy-
sis of variance and repeated measures analyses (Morrison, 1967; Lindsey,l99a).

The estimates and sample size calculations for shoreline trash data also assume
that the trash counts are normally distributed. Several published reports are based
on these assumptions (Ribic and Johnson, 1990; Ribic and Bledsoe, 1990).

A similar important question is whether the total counts are Poisson instead of
Normal. If the distribution of trash along a shoreline is homogeneous the distribu-
tion of the number of items collected should follow a Poisson distribution. (For a
more comprehensive dis-
cussion of Poisson data
analysis see reports by Bo
Cochran, 1940 and
Kingmann, 1995.) za

In the current study,
da ta  ana lyses  c lear ly
show that the total num-
ber of items is not Pois-
son. A well-known char-
acteristic of the Poisson
distribution is that the
mean and variance of a
Poisson are equal. For
these data, the mean
number of items collected
per mile, per day is 8.3,
and the variance is over
ten t imes larger,  52 :

111.4. This is referred to
as over dispersion and in-
dicates trash clumping
patterns. The surveythns Figure '13. Distribution of total number ol trash ilerns per nrile per day
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indicates the importance of defining a sampling area large enough to provide suffi-
cient accurary in estimating the total amount of shoreline trash.

In an attempt to find a variable that rras more normally distributed for use in the
principal component analysis the square root of the number of items per mile was
evaluated. The histogram of this variable is more normally distributed but it is still
right-skewed (Figure 14 and Table 7).

E r tg

Ero

0 2 . 1 6 8 1 0 1 2 1 4 1 6
Square Rod of Total ttems

Figure 14. Distribution of square root of total items per mile per day

Table z Descridive statistics for the total nurnber of items collected
per mile per clay and for the square root of the total number of items
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A comparison conducted between the moments of number of items and the squareroot of the total confirmed that the square root is more normally distributed with a

:ffIJff;jff,Tient 
of I ' 18. rherefore. the remhinder of the anaivsis uses rrre square

Analysis of Item Sampling
Additional important questions include:

I ' can principar component analysis be used to identify natural groupings of cor_lection categories?

2' Are there some item categories that do not provide useful information for esti_mating the totar amount of trash or identifying ,"rnplrJ'"ilanges in shorelinetrash at padre Island National Seashore3

The total number of items collected per mile can be represented mathemati-cally using the following equation;
Y : X , + X r + . . . + X n

where m is the number of item categories and X, is the number of itemscollected in the ifft category. 
- This is"a particular rin"", .o.uinution of the numbercollected in each category. This variabL treats €very category as equalry important.A smalr piece of styrofoam is counted as equal to " ss-s;ionLrret.

A more general form of the equation is:
Y : A , X , + A / r * . . . + A ^ X ^

A, is a weighting assigne'd to x,. of course, the weighting can be zero if thatvariable is unimportant and rarger for more import"nt uri"ut""r. For exampre, withonly three item categories the lot"t nu*u* of items would be:
Y : Tbtal: X, + X, + Xr.

calculating the total number of items in this fashion treats large and small itemsas equally important. Instead, if calculatior
7 mty : 0:3x, i o tx, + ,0 6{:*ili;;'l'.:,"##'1";::;ffi:*i:f3,T[li"i
than the second categoryand onry twice the weighting ro, tfr"iirrt category.A statistical method for uncovering these weghts rs"principaicomponent anary_sis. This method was applied to the"standardiid ,qu"." .", "r individual iterntotals for each collectXlg:::. 

Jhe 
principat .o*pon"ni ;;;;ip."duces severalchoices for the A, coefficients- Each choice is referred ,o ", " prin"ipal component

$$;i* 
individual principal component (Morrison, tsoz: niian, r97';Mutiak,

The principal compcnent analysis produces components that are orthogonal,intersecting or rying at right angresio on" *otrrer. 
.Ess"nii"ilv,'ri" a, coefficients,

ffll"f*t#ach 
principal "o-fon"r,t, i'"lna"p"nd;;i ;-;iii;r principal compo_

32
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Each component is defined by the weights assigned to each item category. If a
weight is close to zero the particular item is not important to that component. If the
weight is large (bolded), then the item is important to the component. This defines a
grouping of item categories for each component.

The orthogonality of the components ensures that groupings appear together
onshore at the same time. This could mean that the items originated from the same
source or were transported onshore by the same environmental forces, namely winds
or tides.

The following scree plot describes the relative importance of each principai
component (Figure 15). The vertical axis on the plot describes the eigenvalue
associated with each component. As the eigenvaiue of a particular principal com-
ponent increases more information is captured. An examination of the scree plol
indicates that the first principal component captures significantly more information
in these data than the remaining components.

Table 9 describes the relationship between the principal components, their eigen-
values, and the percent of total variability of each component. The first componenl
shows 23.Io/o of the total variability in these data.

The first five principal components as a group describe 43 percent of the total
variability in the data. This implies that these first five components capture, or
express, 43o/o of. the total information contained in the list of item categories.

Scree Plot

a---{r}}+}----.

t  3 5 i  9 t t  rr  15 !7 l9 :r  3 x zr a r i  g r i  : i  p

Co.npds* fqrnber

Figure 15. Scree plotolpdncipal clmponents

Table 9. Percent of total variation exptaincd by the firct through fifth principal componenrs

Principal
Comoonent Eigenvalue

Percent of
Variance

Gunrrlative Percent
Of Variance

1 9.258 231% 23.1%
2 2.522 6.3% 29.4%
3 2.'174 sA% 34.906
4 1.663 4.2% 39.O%
5 1.574 3.9% 43"O%
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In table 8 the first principal component identifies 25 of the 40 items as important
to describe the information in these data. {Three of the original 43 item categories
have been omitted from table 8: plastic strapping; balloonJ and ribbons; and net_
ting.) These items are identified by the bold-faced values for their components. The
larger the coefficient tlre more impact an item in a particular category will have on
the compcnent. The item categories with the largest coefficients" are glass condi-
rnent bottles with a coefficient of 0-798, plastic condiment bottles with a coefficient
of 0.785,1-gallon oil containers (0.265j, incandescent lights t0.69s1, and plastic l_
gallon milk containers (0.6S3).

Analysis of Spatial Variation
Analyses of spatial variation indicate that trash clumping occurs along the padre

lsland shoreline. The total amount of trash collected peimiie is over:dispersed,
hence it is not homogeneous. Further, analyses indicate that the shoreline trash
data, taken at one-mile intervals, are spatially one-dimensional. Data collected in
this manner are called "lattice data" (Whittle, 1954; Besag, l9Z4; Bennett, lgTS).

Researchers evaluated shoreline trash distribution by examining the correlation
of trash collected at one of the sites as compared with the others. These correlations
address the following questions:

l. can trash collected at one location be used to estimate the total amount
of trash along a shoreline?

2. How much sample area is necessary to accurately measure the total
accumulation of trash?

3. What is an appropriate spacing to conduct trash collection?

To address these questions, trash was collected along 16 miles of shoreline and
recorded separately during a three-year period. Figure 16 depicts the correlation
letween each of the 16 sites for the total amount of shoreline trash, excluding
iragments and the square root of the total, excluding fragments.

1 2  3  4  5  I  t  I  9  '0  71  12  13  14  15

Miles Between Sampling Sites
Figure 16. Spatial correlations between sampling locations
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Table lt. Correlations oftrash herns collected at
sites with a one-mile separation

collected at adiacent sites

Table 12. Corrdations oftrash iterns colle€-ted al
sites with a two-mile separation

ieht to ten mile
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lU. Correlallons ol'trash ltems

lst
Site

tord
Site

sq*i*
Root

Total

0,8052
3 2 o-4{]64 E25A
4 ? 0.8187 0.8459
5 4 0.723it s"6'727
6 5 o.7169 0.8{t68

6 0.7761 0.7645
I o.764,0 q.7403
o 6 o.74AO 0.7561
1 0 I 0.7705 4.7428
1 1 10 o.735{) 4.7474
12 1 1 0.73E2 o.05/5
1 3 '12 o.1257 0 6338
14 13 o.7721 o./Eo6
1 5 14 0.7131 o.7401
1 6 1 5 4.7377 o. z53s

lst
Site

2nd
$ite

$Snre
Root

Total

3 1 0.76e9 0.7759
4 2 0_7583 o.73'42

o.6902
6 4 o.tid2/ o.52t4

5 4.7175 o.a7r2
o_ /163 o-@99

7 o.713S u.e:rz4
1 0 I o.7163 0.0695

I o t
12 1 0 o
1 3 0.821 0.@85
7 4 12 o.7077 0.6947

o_7256 o.7443
1 6 o_6sb4 {]_6471

lst
Site

M
Sitg

Square
Root

Total

4 1 o.7173 0.7Gtg
5 o.6769 o.6036
(t o a57a

rt 0.6331 U.4WT
o-656{) o624
o_6472
o-7

a 0.66/O 016
I 47
10 o o-55

14 1 1 o.a417 0.573'
t5 12 0.6362 4.6127
1 6 13 0.6870 0.6809

Table 13. Correlations of trash items at sites with an

lst
Site

21}d
Site

Site
Seoaration

Sqrrue
Root

Total

10 6 mrl6 o.trtt o.4750
1'�l 2 8 miles {)_5146 o.45zl4
1 2 3 8 miles o.5242 s_3114
13 4 6 mibs o.5077 o.4247
14 5 I mil€6 a.&72 o.ltran
1 5 o I mues o.1149 0.3769
16 7 I miles o.5243 o-4qr3

I mrb6 o,5101 0./t435
12 2 g mi|€s o.rt906 o.3279
l a 3 9 ail€s o.4!r21 o.4115
14 4 I mihs g.4t1t!) o"4117
1 4 C I miles Q.4374 0.3731
16 6 9 mil€s o.5tqE 0.{691
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To prepare Figure 15, correlations were examined individually for the l6 sites.
Table 10 lists the correlations between adjacent sites for each of the four key vari-
ables used to evaluate temporal changes in trash.

Analyses indicated that the torrelations between adiacent sites were approxi-
mately the same without regard for which sites were examined or their distances
apart. Because of this similarity the modeling of these data was greatly simplified.
This allowed for one area of the shoreline to be averaged with thoie calcuiated from
another area. This similarity suggests that the mechanisms, sources, and environ-
mental principal components that cause the trash to deposit on the shore are equal
from one site to another (Thbles 1l-13).

Somewhere between the seven and ten mile sites the correlations appear to
plateau (Table l4J. Table 14 provides the average correlation of site separation.

Table 14. Average correrdioa ( R ) between sho'retine tradr itern saraoles vs.
. , separation in miles (M), dernonSrating the plateau effect

Figure 17 , a grapb of the correlations for each of the four variabXes, indicates that
the conelation between sampling locations falls rapidly and plateaus at approxi-
mately the ninth mile. This suggests that optimum sample spacing would ue every
seven t0 ten miles.

These findings underscore the importance of considering both the frequency
and the spacing of sarnples when designing shoreline trash surveys. The plateaus
encountered at approximately nine miles, with a correlation of A.49, iilustrate the
importance of considering both the frequency and spacing of samples (Table 14).
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. when conducting a trash shoreline surve% a decision must be made in the plan-
ning stages as to wheth.er to_ sample at greater frequency or survey a larger area.Data collected and analyzed in the current research established irtut trri spatial
correlation is high, even for widely rp".ed suruey areas, a minimum of 0.45 for ailthe variables. Therefore, surveys should be designed to collect data more frequently
rather than to sample a larger area.

This study indicates that data can also be modeled using standard rime seriesmethods' Distance between sites can be viewed as a time serils and the correlations
can be considered an autoconelation among sarnples collected on the same dav.

Analysis of Temporal Variation
Time series anarysis can be used to develop a model of how trash items varyover time. Because spatial variation is initially trigh lapproxirnately 0.2, reachingaplateau around seven to nine milesJ, it is useful to "uutu"t. the temporal variation

and compare autocorrelations of items collected on different days, using the square
root of the total to develop a moder of the time series for each or tnJ iG samprelocations- while most shoreline trash surveys are conducted infrequently and withina small sample area, the 1994-gB Padre tsland National Seashore survey was con-ducted daily over a r6-mile area, making analyses and modelinj oi temporal varia_tion possible.

These data allow for analyses of the following questions:

i. What is the temporal model for each of the 16 sites?
2. Does this model vary for different sites?
3. what are the implications of this moder for the design of an optimum

shoreline trash survey?

The development of a model for the temporal distribution of trash items willdetermine whether the deposition of items upon the shoreline is uniform over timeor seasonal. The answer-is dependent upon the variable selected to model. There-fore, it is important to determine whether temporal or spatial variation is larger
lefo1e conducring a rrash 

-survey. tf temporal viriation i, L;;. than spatial varia-tion in the number of trash items colrectea, it would be morJ important to samplefrequently and to sample fewer locations. conversery, r trr" ,i"tiur variation ishigher, then the survey shourd be designed to sample miny locations less frequently.A model based on ARIMA time series was developed to anaryze temporar correra_tions in the padre Isrand National seashore dati qnox and Jenkins, 1970; andchristensen, 1991i. However, missing data and unequar,u*frinf intervals compii_cated rhe application of this method io padre Island data. filfrifl trash items wereusually collected on a daily basis, at times environmental ru.too ji"u"nted sampling.Because most statistical software for the analysis of times series Jo*s not allow forgaps' it was necessary to develop new approaches for evaluating temporat correlationof the padre Isrand data. -Thgse n"* "pproaches were d"r"i'ot;; by individualrycalculating rhe lags for each_of rhe 16 .anpung rocations, iik;g ;;* to account fordata gaps, then carculating the autocorreraioni fo, each iag .ep"arat"rv.
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An examination of the autocorrelations revealed that the temporal model does
not seem to vary among the 16 locations (Figure l8). The average autocorrelation
for every lag was calculated by weighting the autocorrelations at each iocation by
the number of observations at that location.

Analysis of Figure 18 indicates three significant findings.

The first order autocorrelation is only 0.46, which is much Iess than the first
order spatial autocorrelation of 0.76. This suggests that temporal variation
is much smaller than spatial variation along the Padre Island National Sea-
shore shoreline.

The temporal autocorrelation function disappears rapidly. At eight days the
autocorrelation drops to nearly zera; il. then rises slightly and falis again to
zero. This pattern is the noted signature for an autocorrelation function of
an autoregressive time series. Examination of the partial autocorrelations
is necessary to determine the order of the autoregressive time series. This
order is then used to determine the number of previous days needed to
predict the amount of trash expected for future days.

At 30 days lag and greater the autocorrelation is essentially zero. This
implies that data collected on one particular day are poor predictors of the
amount of trash that will wash ashore the following month. Furthermore,
the same holds true for any prediction of trash accumulation beyond a
week.

Figure 18. Autocorrelation vs. days b€tween sarnpling
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The partial autocorrelation function was calculatetl to ideDtify the order of the
autoregressive times series (Figure 19). The partial autocorrelation appears to de-
crease rapidly after the first lag. However, the presence of higher correlations at
lags 14 and 20 might suggest that the tempoial model is more complicated than a
simple autoregressive time series. A consideration of Figure l9 in its entirety, how-
ever, suggests that the temporal distribution of trash items can be represented using
a first order auloregressive process:

V , : t t + S Y , . , + e ,

This formula is explained as follows: { is the square root of the total nuntber of
items collected on day t; p is the long-term average of the square root or the total; e,
is the noise added to the observalion at time r; and 0 is the parameler for the first
order autoregressive process. For a first order autoregressive ptocess, a good esti-
mate for the parameter is the first order autocorrelation. Hence these data yield the
following temporal model:

Y, -- lt + 0.46Y, t + t,

Lag - Days from Sampling

Figure 19. Partial autocorrelation vs. days between sampling

Analysis of Seasonal Variation
Figures 20 and 2l show that the amount of shoreline trash at Padre Island Na-

tional Seashore varies greatly from month to month. Note that no data were col-
lected in June 1997. From these figures the amount of lrash appears to have two
peaks between the years 1994-1998. The first peak is in the months of April and
May, probably corresponding to the spring tides. The second peak occurs in the
fail. In 1995 and 1997, the fall peak occurred in August-September and in 1994 it
occurred in September-November. The period with the least amount of trash on the
shoreline appears to be December-February and June-Jul;'.
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PIOINT SOI'RCE INVE$TIGANONS
Detennining ongin of shoreline trash has been difficult. One research report

concluded that *75-90 percent of shoreline trash originates from commercial ves-
mls and the offshore marine industry, while the remaining l&25 percent is depos-
ited by visitors" {center for Marine conservation, l9g7). Another study found that"most of the trash found on Gulf States' shorelines is traceable to offshore sources"
fArnerican Management systems,Ine., 1991]. still another report concluded, ..com-

gercial fishermen generate shoreline trash that is probably the most easily identi-
fied and the most obvious, particularly in Atabama, louisiana, and Ter<as- and"S"n€y wastes consistently have been a malor souree of shoreline trash in the Gulf-
(Center for Marine Conservation, 1990).
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All the items were unweathered and thus appeared to have been recently dis-
carded. (when exposed to sun and saltwater, color quickly fades, fabric rots, plas-
tics become brittle, and metal rusts rapidly.) As an example, photograph 2o shows
an onion sack washed onto the shorelihe with the incoming high tide. Within just
a few days the onion sack's color faded and was beginning to disintegrate (photo
2l). several days later the onion sack was completely bleacned of color.

A survey of the types of trash items littering the shoreline revealed that a signifi-
cant percentage was characteristic of galley wastes, such as bacon wrappers, milk
and juice containers, coffee jars, egg cartons, bread wrappers, meat pait<ages, soft
drink cans, glass and plastic condiment bottles for ketchup, mustard, pe"n,ri butter,
and other similar items. The trash also included numerous rubber gloves, onion
sacks, salt bags, light bulbs, oil filters, white bleach bottles, and round wooden
disks' Moreover, the onion sacks and salt bags contained trash identical to the
individual types of items that had washed ashore at the same time (photo z2J.

The round wooden disks are devices that Gulf shrimpers attach to their nets to
prevent thene from snagging on the sea floor (Fhoto 22). Because these disks are
used exclusively by Gulf shrimpers, other types of trash found within the onion
sacks and salt bags were probably also discarded by the shrimpers (photos z4-zs).

Salt bags, n-lbber gloves, and onion sacks are other items used in the Gulf Coast
region by the shrirnping industry. photograph 26 depicts a salt bag that is used in
the industry to separate shrimp from undesirable by-catch. Rubbeigloves are used

Photos 2G23. Clclaivise lrom left: Onion sack washed ashore; Sack cleterioraling and color fading: Onion
sact cgntaining galley utastes; Wooden disks, rubber glove, and onion sack bund within another onion sack
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both iphotos 24,25. Trash found in discarded onion sacks and salt bags, Besides gally wastes. trash items

included rubber gloves. light bulbs, oil filters, and bleach bottles

by shrimp trawler crewmen to protect their hands while processing the catch. Be-

ciuse of ihe connection bet'uveen these items and their uses by the shrimping indus-

try, wooden clisks, salt bags, rubber gloves and onion sacks, were considered lo lle

point source items.
'l 'hese observations lecl to an additional trash monitoring slucly the follorving year,

ole designed to supplernent the other ongolng daily and Llllarlerly trash surveys.

1993 Point Source lnvestigation
Even though hunijreds of trash items had washecl asltore from the atypical 1992

event, very few of the iterns washed into the dai)y or quarterly survey plots, demon-

strating that the 50 x l00-rleter survey plots rvere too small to evaluate trash accu-

rnulation rates or compositiotl. 
'Ihe new trash monitoring study would need a

survey of the high-tide line over a continuous eight-rli le-lortg section of shor-eline

In addition to the four point source items - wootle'n disks, salt bags, rubber
gloves and onion sacks, six common trash itents exhibited a strong relationship to

the shrirnping industt'v: egg carlons, light bulbs, one-gal-
lon plastic milk jugs, oil f i l ters, condiment contarners,

and white bleach bottles. Fl.rch of the ten items washei' l

ashore in the same condition attt l location as the trash-

fi l l t 'd onion sacks and salt bags. 
'fhese 

ten items were

placed into two categories: prrobable and suspected. 
' l-he

"probable" category included seven items: onion sacks

and salt bags, and the most numerolls items found within

them - rubber gloves, woodert disks, egg cartons, l ight

bulbs,  and one-gal lon p last ic  nr i lk  jugs.  The three sus-

pected items, oil f i i ters, condiment containers, and white

bleach botl les, rvere also found withil l  the onion sacks

and salt bags but to a lesser clegree than the other prob-

atr le  i tems.
l'he nerv survey was initiated on a daily, five days per

wee'k interval, beginning July 1, 1993, one week before the

opening of the Gulf shrimp harvest seasoll, and continu-

l'\'-

A,
onl t  :
nrul;:
I It\,ti

i trg rr.
cOl l l l

trg.rt l

l99,l.i

ab le;
SOIIIft

baseil

Gulf Si
li';

cou(lt:
SOtllt-f

an ah,t
Photo 26. Salt bag with shrimp
trawler logo



gms

Be-
ius-
' b e

ear,

)92
on-
cu-
l a

ing until August B, 1993, when the Gulf shrimp trawlers moved away from the Padre
Island shoreline. Each day for a week prior to the opening od the 1993, strrirnp season
surveltors rernoved all identifiable trash items from the survey area. Beginning with
a clean, trash-free shoreline, surveyors collected the data daily on the nunobers of
probable and suspected iterns that washed ashore over the eigtrt-mile survey plot.
Almost immediately upon the opening of the shrimp harvest season the trash, both
filled saeks and individual iterns, washed ashore. During this survey a total of 5,411
trash items from the two categories were recorded. Of the 5,411 items, 2,489 items
were from the "probable" category and2,922 were from the "zuspected" category.

Figure 22 describes fluctuations in the ternporal pattems of trash aecumulation
for both probable and suspected categories. This indicated a high probability that
both categories were discarded by the same source, Gulf shrirnpers.

-+Probable * Suipccled

I
I

Sy Arlrt|

Figure 22. Daily vat$ility of ten trash items brJuly-August t gg3

Although the 1993 Point Source Investigation data were convincing, they could
only be viewed as conjectural because a statistical correlation between trash accu-
mulation and Gulf shrirnping had not been scientifically tested. Nonetheless, the
investigation did prove to be invaluable to park staff, who now had an understand-
ing of the temporal and spatial survey requtements needed to obtain a statistical
conelatioll. Armed with this inforrnatioll, they began a second point source inves-
tigation 0n March l, 1994.

1994-199& hint Source Investigation
The 1994-98 Point Source Investigation was initiated to collect data on prob-

able point source polluters. The investigation specifieally focused on two potential
sources, Gulf shrimping and the offshore petroleum industry. Items were selected
based on prior field investigations.

Gulf Shrimping Industry
By analyzing the 1992 data and the 1993 lroint Source Investigation, park staff had'concluded 

W l$4 that the ten identified iterns were consistently discarded bry one
source, Gulf shrimpen. This conclusion was corroborated when trash discovered aboard
an abandoned shrimp trawler was found to be identical with that contained in the tmsh-
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Photos 27, 28. Trash items on shrimp trawler; Ciose-up of point source
items found on shrimo trawler

fi l led onion sacks and salt bags (Photos 27 and 28). !bt-lhe remaintler of this reporl the

ten identified items will be referred to as point source items.

From 1994 -1998, a total of 104,643 individual lrash items, excluding fragrnents,

were counted. A total of 69,965 items were from the ten point source itcms, repre-

senting 66.9 percent of the trash items counted [Table l5). Four out of the ten point

source items represented over 52,000 individual trash items- 1-1,000 onc'-gallon milk
jugs, 19,000 rubber gloves, 13,000 condiment containers, and 7,600 incandescent

light bulbs.
Data analysis also indicated that 11 other kinds of trash items coukl lre associated

with Gulf shrimping [Table l6). T]re statistical conrponents analysis test verified that

for the entire three-year survey period, these items washed aslrore al the same times

Phol.
Shriml

Fisi
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Table 15. Nurnber ofpoirn source iterns collected from 1994-98

Table 16. Number oftrash iterns recorded as new or suspected point
source iterns between l99tt-98

NEW ]TEilS 1gtt{-$t 1ggtt-sG 1997€8 TOTAL
Fish basket m 27 v f i
Stuimp scoop 1971 82 1 0 1 5 3568
Sodium metatisufaG a I 4 1 9
%-oalbn mitk irro 2!i6 235 206 697
PaDer milk container 214 222 405 841
Floresoent lioht hdb 978 942 704 fr24
Quart oil container 1610 1096 1 135 w1
l-litef c*l container 850 906 391 2117
l-oa$on oil container 2U 242 z)8 734

TOTAL 5196 4260 4t06 14562
SI.ISPECTED ITEXS
Green Ueach bottb 3299 1927 1452 567E
B|ue bfeacfr bodil€ 295 177 191 66:t

IOTAL 3|t9a 27lra t6a3 73/|1

and locations and in the same condition as the ten point source items. Gulf shrimpers
are the primary users of three of the 11 items: shrimp scoops, fish baskets, and sodium
metabisulfate. These 1l items rvere not initially counted as trash linked to the shrimping
industry because the items had not been found inside onion sacks or salt bags, as had
the ten original identified trash items.

Shrimp scoops are typically fashioned from one-gallon piastic milk containers
and are used to scoop shrimp from a trawler's deck into fish baskets or other contain-
ers (Photo 29 and30), which are subsequently used to transport shrimp into a trawler's

Photo 29, 30.
Shrimpscoop;

Fish basket

t-

FOINT SOI.|RCE |TEil 19!t+95 1995-9G 1997-98 TOTAL
Rrbb€robves 6517 5132 7575 19224
()fion sacks 1922 1479 1901 5302
S€lt baqs 769 860 826 2455
Wooden disks , 4 5 24 97 166
Eoo cetions 1107 78{i 2154 7

hcildescent liohts 2506 257f] 2571 7
Condim€nt cantainers 4417 26,47 6410�2 13466
1 -oafon milk conlainers 4*t8 5296 3trt6 13470
Whit8 blsa€h bot[es 744 830 1426� 3qx)
Oil filters 66 56 15€ 2EO

TOTAL 23.5:t1 r9.890 26.834 6s.965



holding compartment. Sodium metabisulfate is dissolved in water and then used to
clean the shrimp.

Five other items-half-gallon plastic and paper milk containers, green and blue
bleach bottles, and florescent light bulbs-- were found to be subsets of three point
source items. After principal component analysis, half-gallon plastic and paper milk
containers were added to the Milk Container category. Similarly, florescent light
bulbs were added to the Light Bulb category.

As for the green and the blue bleach bottles, because of the Spanish labeling,
many Gulf shrimpers have maintained that Mexican, not U.S. shrimpers, are respon-
sible for discarding the bottles. Although these two items have been included in the
category Bleachcontainer, they have been separated and placed in the "suspected"

point source category for later discussion. The Oil conrainer category includes oil
containers ranging in size from one quart to one gallon, and is not a subset of the ten
point source items.

Table 16 depicts the number of the eleven additional categories of trash items
counted during the survey. A total of.14,562 trash items were recorded for the nine
new point source items, while 7,341 bleach bottles were recorded from the sus-
pected category. Excluding the controversial blue and green bleach bottles, a total
of SloA of the trash collected during the survey period was significantly correlated
to Gulf shrimping activities.

Analysis of Thash Accumulation Versus Shrimping
Data from the National Marine Fisheries Service (NMFS) helped quantify the

relationship between Gulf shrimping and trash accumulation. NMFS has divided
the Gulf of Mexico into individual zones and collects statistical data on a monthly
basis on the number of shrimp trawlers operating witNn each zone. Zones 18-21
occur off the Texas coast [Figure 23).

During the 1994-98 study period, researchers worked with shrimp harvest data
for Zone 20, the zone adjacent to Padre Island National Seashore's l6-mile long
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Figure 24- plot of Gurf shrimp harvest effort vs" point source items per day per mire

survey plot. These were statistically analyzed with trash accumulation data for the
ten point source items to determine the Pearson's correlation coefficient for shrimping
effort versus number of point source items (Figure 24). The pearson.s correlation
coefficient was found to be statistically signifiJant (p:0.036), demonstrating that
with increased shrimping there is a significlnt increase of trash accumulationilong
the adiacent shoreline.

Analysis of Thash Accumulation Vs Duration of shrimping season
Researchers then attempted to quantify the relationstrip uitween trash accumu-

lation and shrimping, using the dates in which the shrimp season annualry opens
and closes as provided by the Texas parks and wildlife Department and NMFS.
These dates for the r994-9T shrimp seasons are shown in tabte tz.

Table 17- Dates ofSpringAilinter shrimp harvest season 1994, 1995. and 1997

Season t994 1995 1997
Opened Feb. 1 Feb. 1 Feb. 1
Closed Mav 13 Mav 15 May 15
Opened Julv 7 Julv 15 Julv 15
Closed Dec.16 Dec. 16 Dec. 16
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Figure 25 depicts the relationship between the accumulation of the original tenpoint source trash items and the annuar Gulf-shrimping season. Note no Jampling
w{s conducted during June 1997. Analyses of the graptr-and related sratistics cteartiindicate that the total number of recorded trash itemi peaks during the spring aniwinter shrimp harvest seasons and drops rapidly to nearly,.ro *n"n the seasonsare closed.
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Offshore Petroleum Industn'
ln 1990, ARCO Oil and Gas Company conducted a marine trash survey ro assess

its compliance with MARPOL Annex V. The survey identified nine items thar were
reported to be associated with the offshore petroleum industry (Table 1g). As a
result of this item selection, park staff choie these same nine iterns for the 1994-9g
Point Source Investigation. To ensure that these items were indeed representative
of the petroleum industry, park staff obtained endorsement from both Minerals
Management Service and the offshore operators Committee (inclusive of the major
oil and gas companies operating in the Gulf of Mexico).

A total of 10,565 point source items were collected between lgg4-g8, represent-
ing 10.0i percent of all trash collected (Table 19).

Table l8.Offshore petroleum industry items

Ofishore PGbol€um Indu€try

Item Use
Strip lumber Stripping oyer pipe or esliprnent

Plastic sheeting Weatherprocfing material used during
hansportation and storage

Wooden pallet Transporting ctremicals and equipment

Wooden spool Transporting wire, rope and efectrical wire
Had f€l Personal protec{ive eq.ripnrent for platform

personnel

Write enable ring Storing platbrm informaiion
Pipe thread proteclor

Proteciion of drilling pipes

Styrofoam buoy Marking trUergrounO pipelines and
equignent

Table 19. Offshore petrolcum industry shoreline trash

ITEiI 1994-95 1995-96 1997-98 TOTAL
Hard hat 240 243 169 652
Pipe thread protector 152 63 329 544
Write enablerino 3 1 3 21 37
Wooden spool 1 3 7 29 49
Styofoam buoy 124 142 109 375
Strip lumber 2875 1026 377'�| 7672
Wooden pallet 112 106 114 332
Plastic sheeting 18 37 719 904

TOTAL 3667 1637 5261 10565
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Distribution of Point Source Tfash
Figure 26 clepicts the relationship between the point source categories and the

total trash items counted. It includes an Unknown Source category whose total'
percentage is representative of items that could not be statistically related to any
point source.

Many people who live in the Gulf of Mexico region believe that the majority of
trash occurring on local beaches originates in Mexico. This study, however, found
that only 11 percent of the non-fragment items had non-English labels and, of these,
only a small percentage of the labels were in Spanish.

Fercetttagps dTtash ltenc Fecorded

80.8olo
I

f GttFSttdnfing kri.stuY

EOGhorcPefroleum
lrdustuy

trUdcnorn Source

Figure 26. Percentages of recorded trash items
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CONCLUSIONS, FTNDINGS, AND FURTHER RECOMMENDAIIONS

Conclusions
. The shrimping industry is the source of the majority of 43 item categories of

shoreline trash at Padre Island National Seashore. The arnount of shoreline
trash is significantly correlated with both the shrimp harvest and the open-
ing and closing of the shrimp harvest season. Further work should be done
to estimate the total impact of the Gulf shrimp harvest industry on shore-
line trash here and elsewhere.

MARPOL V regulations, governing the discharge of plastics, have not re-
duced the amount of plastics that wash ashore at Padre Island National
Seashore. Despite the MARFOL treaty and enforcement by the U.S. Coast
Guard, trash statistically identilied as galley and shipborne wastes contin-
ues to wash onto the Padre Island National Seashore shoreline in large quan-
tities. Table 20 shows that the number of identifiable items collected in-
creased. overall from 1994-98.

Study
Year

NurSerof
Siles

Suweyed

Number of
Survey
Days

Average Number of Non-
Fr.gment ltems per tlle

3/94-3/95 4893 355 7.69

395-3t96 3918 302 7.26

3/97-3/98 3743 300 10.25

Methodological Findings
. Quarterly surveys do not accurately depict trash accumulation or composi-

tion. To obtain the data essential for comprehensive statistical analysis
more frequent sampling is required.

Small-sized survey plots do not accurately depict the trash accumulation or
composition that is representative of a larger beach area. To obtain quanti-
fiable data, survey areas should be large enough to provide a statistical
understanding of trash accumulation and composition rates.

Fragments should not be included in item counts in shoreline surveys. Frag-
ments can misleadingly dominate survey data, and including them with
other categories completely masks the information contained in these other
categories and contributes substantially to the high day-to-day variability of
item totals.
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o Backshore zone data should not be combined with data collected in the
foreshore zone because winds and tides affect these areas differently. 'Ihe

backshore zone is a repository for,trash that may be transported into the
foreshore zone. Shoreline surveyors should be careful to distinguish data
collected in the backshore zone from that collected in the foreshore zone.
Data from the foreshore zone are likely to be cumulative and only reflect
trash recently transported into that area from winds or tides, while the
backshore zone contains items that rnay have been deposited prior to the
sampling date.

r Wind direction, wind velocity, and tidal heights should be recorded and
considered in estimating the average amount of trash washing ashore. Count-
ing and removing items visible on the surface of the backshore zone does
not account for items buried beneath the sand. Subsequent storms and
high tides, combined with offshore winds, may still transport trash from
the backshore zone into the foreshore zone.

Statistical Findings
r The Padre Island National Seashore data are very different from data used

by others to develop recommendations for sampling shoreline trash. Padre
Island data are not normally distributed and appear to be hyper-Poisson
because the variance in these trash counts is ten times larger than the aver-
age. Sampling calculations and other statistical tests that rely on the as-
sumption of normality should not be applied to the number of trash items
collected. If these data are modeled, a distribution that properly models
over dispersion should be used. The square root of the number of tLash
items collected yields an approximation.

r Temporal variation in these data is very high and is much higher than the
spatial variation. A time series analysis suggests that data collected on a
single shoreline is a first-order autoregressive process:

Y , : l r  + 0 . 4 6 Y , _ , + e ,

where Y, is the square root of the amount of trash measured at t, which
equals time; ;r is the long-tern average of the square root of the number of
trash items; and, e, is noise. During this period, p was approximately 2.9.

r Analysis of temporal variation also suggests that the sampling frequency
should be weekly because the correlation between days is high, at about
0.46, and quickly drops to nearly zero at five to seven days.

. More modeling of these data, using techniques similar to those described
by whittle (195a), Bennett (1975) and Ali (t979), is needed to accounr for
hyper-dispersion and spatial-temporal variation.
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.Spat ialcorrelat ionappearsto.belargerthantemporalcorrelat ion.That is,
consecut ivedayshaveasmallercorrelat ionthanadjacentSamplingsi tes'
However,thecorrelationbetweenconsecutivedaysishigh.Fromanalysis
oftheSpatialcorrelat ioni tappearsi t isalsoal. .orderautoregressivepro-
cess. Moreover, the optimum 'p"ing of sampiing sites at Padre Island

National Seashore snouta be seven i6"r"n mitei apirt because the spatial

correlation appears to plateau at that distance'

Further Recommendations for Shoreline Ttash Studies

r Addition"r rt"ii.r'rrtouiau" undertaken to quantify the impact of shrimping

on shoreline tiirr, u..ulnulation along the Gulf coast. The_principal compo-

nent analysi, ;;;;r;d to identify"point source items and obtain a better

estimate of the impact the industry his on shoreline trash accumulation'

o E f f o r t s s h o u l d b e e x p a n d e d t o i d e n t i f y a d d i t i o n a l p o i n t s o u r c e s u s i n g a
combinedmethodologyofpr incipalcomponentanalysisandmonitor ing
beach trastr, environriental-factors' and human activities

.Long. te rmprogramssh 'ou ldprov ide forcont inuousmoni to r ingofbeach
trash in specifii areas. survey areas need to be accessible to survey crews'

They should'il" i"."i"a in areas of low wave impact and with higher than

normal trash accumulation'

o Quality assurance programs should be implemented for all surveys'

.Surveypersonne lshou ldbe in fo rmedofspec i f i cc r i te r ia fo r i temsversus
fragments'

oCrewsshouldbesupervisedandtrainedinthecol lect ionandident i f icat ion
of beach trash'

. Survey plots should be periodically reviewed to assure that trash is being

removed and that the items are correctly categorized'

rTrashshouldberecountedfrequent lytoguaranteetheaccuracyofdatabase
entry'

oT |ash i temsbe ingcountedshou ldberemovedf romtheSurveyareatopre .
vent recounting'

rResearchersshouldbef lexibleinthetypesoftrashitemstheycol lect,s ince
certain items reflect a seasonal trena itrat might otherwise be overlooked'

oTheStrategyusedbytheoffshorepetroleum.industrytoreducetheamount
of trash b.id;;;oea tom ttre cutr platforms-that of inventorving all

fi:-
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