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EXECUTIVE SUMMARY

This report concludes the five-year study, preceded by a two-year pilot study, of marine debris 
in Canadian waters, the NATIONAL MARINE DEBRIS SURVEILLANCE PROGRAM.

Before any discussion of results and impact, mention must first be made of the monumental 
time and commitment shown by the volunteer researchers in carrying out the 137 surveys. 
They frequently braved difficult conditions to bring home mounds of garbage for detailed 
analysis. Secondly, we would like to recognize the meticulous work of our statistician, Mr. 
Murray Besler, who worked tirelessly over reams of pages of raw data to ensure the statistical 
integrity of each annual, and this final, report. 

An important aspect of this study has been maintaining its scientific validity through non-
intervention in the strict protocol involved in accumulating and processing data by the 
researchers, the administrators and the funding agencies of the study, Environment Canada 
and PITCH-IN CANADA.  This virtual cloak of secrecy can now be lifted and the final results 
revealed.

The detailed statistical summary follows this Executive Report. The reader is referred to this 
document, which outlines the statistical results and demonstrates the exactitude to which this 
study has been subjected to ensure its accuracy and validity. 

Some of the interesting and notable raw data include:
· 137 surveys were carried out by 
· a total of 13 volunteers/teams at
· a total of 17 different research sites
· over a maximum period of 6 years (1994 - 2001) for the research study
· 6638 containers were analyzed
· 78% of the containers (5178) were made of plastic

Due to the huge size of the database produced during the five-year study period, and In order 
to meet the study's objectives (see following section), the data relating to the most common 
item found, namely containers, was analyzed in the greatest detail, as explained in the 
following report. More analysis could yet be done on the debris counts, for instance, 
which would  provide even more information on debris such as rope, fishing gear, 
plastics, etc.  found on Canada's beaches. (see Appendix Eleven for copies of the forms 
used to record the raw data)
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Important Findings

The NATIONAL MARINE DEBRIS SURVEILLANCE PROGRAM had the following 
objectives:

· to show trends in the types, origins, and distribution and changes of marine debris of 
human origin in Canada's oceans;

· to identify any patterns in the overall distribution of marine debris;
· to ascertain the principal pathways of marine debris in the waters adjacent to the 

survey sites;
· to assist in establishing an international data base on marine debris.

The following report from our statistician details and analyzes the statistical findings. We 
would like to draw attention to the following points, based on the report and the seven years 
of processing the researcher’s raw field data:

TRENDS
In seven years, the debris problem has remained stable or shown an upward trend. At 
several sites the problem is severe. There has been no significant reduction in debris 
at any research site on either coast. 

PATTERNS, ORIGINS and PATHWAYS

The high percentage of food and drink containers on both coasts indicates a land-
based origin for much of the debris.  One-third of containers whose contents could be 
identified were food containers - including such domestic items as barbeque sauce, yogurt, 
and margarine. The prevalence of domestic debris on the beaches, especially noticeable on 
the East Coast, suggests that household garbage is being dumped into the ocean at a regular 
rate. (See Phinney Cove results.) The other obvious source of debris at most beaches was 
beach users. 

Many containers  found on the West Coast were of  foreign origin, notably Japanese or 
Korean. These products most likely came from shipping. While some items may have fallen 
overboard (e.g. wash buckets) the type of container (food, drink) suggest that they were 
deliberately disposed of into the ocean. 

Rope, bits of plastic, styrofoam, and  fishing gear were the most common debris items 
found. (See Appendix Ten  for a compilation of all graphs that indicates the “highest count of 
debris over time”)
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Use of Volunteers

This was the first national attempt at using a network of volunteers to collect statistically valid 
raw data to assess a nation's marine debris problem. The methodology was based on that 
already established by Dr. Trevor Dixon of Great Britain, who conducts his own surveys on 
the beaches of Great Britain using a specific, scientifically valid process.  The process was 
adapted by this author so that the surveys could be conducted by volunteers, an obvious 
requirement given the significant and insurmountable differences between Great Britain's and 
Canada's  coastal lengths and characteristics. As our statistician concludes in his report, “the 
study design ... has worked, and has been especially successful when surveys could be done 
on regular intervals...”. (p. 33). 

Recruiting and retaining suitable volunteers was the greatest challenge of the study. On the 
West coast, nine volunteers/teams were initially recruited and trained; subsequently, three 
more teams were recruited and trained. Of these, four teams continued with the program. On 
the East Coast, eighteen volunteers/teams were recruited and trained. Of these, six continued 
with the study. Unfortunately, no volunteers from Newfoundland or New Brunswick were able 
to stay with the program. Reasons for discontinuing included:

· illness, physically unable to continue 
· move away from the coast
· change in job/position thus not able to access beach regularly

· Ongoing difficulties accessing beach (beach too remote, logging roads closed)*
· change in personal circumstances meant less time for volunteer work

* A significant loss to this study was the Haida Gwai (Queen Charlotte Islands) site (Code 12, 
GOS, Goski Beach, Gowgaia Bay, BC). This remote beach, an excellent “collector” beach on 
the west side of the Island facing the open Pacific Ocean,  clearly indicated the debris coming 
from offshore shipping activity, but could only be reached by helicopter. Unfortunately, due to 
budget restraints, Environment Canada could not  pay for the helicopter trips (2 - 3 times a 
year) when the researchers, the Careys, were no longer able to sustain the expense of 
chartering a helicopter service to access this important research site (which they had done 
from ‘94 - ‘97). The Careys were unable to locate another collector beach of the same 
research calibre that was also accessible.

Some volunteers, in consultation with the program managers, trained youth, either students, 
scouting youth, or their own children, to assist in conducting the surveys. In these cases, the 
adult was responsible for the compilation of the raw data. 

Based on our experience,  key components in  the successful use of volunteers were: 
•
• A TRAINING PROGRAM that was rigorous, compulsory, pre-tested, and conducted in-

person by PITCH-IN CANADA's program managers
• TRAINING MATERIALS, prepared by PITCH-IN CANADA,  provided to volunteers to 

keep and consult when needed, including a comprehensive manual and instructional 
video outlining the methodology.

• PROVISION OF ALL NEEDED EQUIPMENT - ensuring that the volunteer had all the 



6

tools needed to conduct the surveys accurately and completely
• REGULAR CONTACT - to reactivate the program after the winter hiatus, and in reply 

to surveys received
• AN HONORARIUM - to reasonably compensate volunteers for out-of-pocket expenses 

to cover travel and related expenses (NOTE: the volunteers received a small 
honorarium of $50 per survey)

Recommendations on using Volunteers

While the NATIONAL MARINE DEBRIS SURVEILLANCE PROGRAM, and the use of the 
volunteers, was a success, we would make the following recommendations for future, similar 
studies relying on volunteer participation. Some of these recommendations would require 
funding greater than what was available for this study: 

1. The program manager should visit the research sites initially, 
then at least biannually for the duration of the study. During 
these visits, the program manager should meet the researchers, 
view samples of typical debris found at the site, and visit 
local retail outlets to familiarize him/herself with local 
products that become  marine debris. This recommendation is made 
in recognition of the considerable regional variations in a 
large country such as Canada. 

2. Much more effort be placed on using a variety of methods to 
locate committed volunteers able to access suitable beaches. 
Connecting with, and retaining, suitable volunteers is much 
harder on the West Coast than on the East Coast, due to the 
sparse coastal population outside of the urban areas and the 
inaccessible and difficult West Coast terrain. Several sites 
were discontinued as the researchers were unable to access the 
sites regularly. ( ie. Code 10, UCL, Cabin Beach, Ucluelet, BC) 
The recent exponential rise in wilderness coastal kayaking tour 
operators on the west coast should provide a good source for 
contacts and volunteers. 

3. The program manager should place continuing emphasis on 
maintaining close contact with the volunteers, through 
newsletters, phone calls, as well as through the necessary 
process paperwork.
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The Methodology

Recommendations on The Methodology

The methodology was successful in producing statistically valid results. The following 
recommendations would assist in refining and improving those results:

1. The volunteers should be provided with disposable cameras in 
order to photograph the assembled debris, especially containers, 
and return the cameras with the data sheets. The photographs 
that were included were often very useful in clarifying the raw 
data. 

2. Greater differentiation should be made in  the container 
category, “bottle”, to enable even more detailed analysis.

3. Ways to improve the collection of wind data required for each 
survey report should be investigated, possibly through 
Environment Canada. The correlation between wind direction and 
speed and debris accumulation reinforced the need for accurate 
reporting of these local variables by the researchers. This was 
not always possible for various reasons, and assisting the 
researchers in obtaining accurate information would further 
improve results.

4. The database should be subjected to further study, in order to 
extract as much information as possible. Environment Canada 
should consider making a budget allocation for further 
statistical analysis of the existing huge and unique database. 
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INTRODUCTION

This year, seven teams (including a new one from British Columbia) completed debris surveys 
on Canada’s beaches under the National Marine Debris Surveillance Program (NMDSP).  At 
the conclusion of this important prospective study, there are now 22 surveys available for one 
beach, and at least 11 surveys for several others.  This year’s statistical report will follow up 
on interesting issues and methods of data analysis from previous reports, and attempt to 
provide reliable answers to such important basic questions as:  “Where is the debris most 
likely coming from?” and “How serious is the problem at this site?”. The success of the study’s 
design in providing such information will also be discussed.

ANALYSIS GOALS

The reader will recall that the NMDSP training manual lists the following objectives of the 
program:
• to show trends in the types, origins, and distribution and changes of marine debris of 

human origin in Canada's oceans;
• to identify any patterns in the overall distribution of marine debris;
• to ascertain the principal pathways of marine debris in the waters adjacent to the 

survey sites;
• to assist in establishing an international data base on marine debris.

In view of these overall goals, the present report will once again study both trends in various 
dimensions of the debris problem over time, as well as seasonal variation (or cycles) in the 
nature and scope of the debris problem.  While the main focus will be on the series of surveys 
from each individual beach, comparison across different beaches and coasts will enhance 
understanding of the sources and distribution of the debris.  Now that the planned period of 
study of this problem has ended, the statistical analysis of the resulting data will be much 
more comprehensive and extensive than was the case in previous reports.  The final state of 
the study’s two main data bases is the topic of the next section.
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THE DATA BASES
The data analysed here are from at least one survey of each of 17 different beaches, as 
follows:

SURVEY 
CODE

LOCATION OF BEACH VOLUNTEER
RESEARCHER(S)

TOTAL # 
OF 
SURVEYS

Code  1  PEI
Code  2  TOF  
Code  3  NS1   
Code  4  NS2  
Code  5  NS3  
Code  6  NS4   
Code  7  NS5  
Code  8  NS6
Code  9 AMD  
Code 10 UCL
Code 11  POP  
Code 12 GOS  
Code 13  NS7  
Code 14 ONO  
Code 15  CNE  
Code 16 MOR  
Code 17 NGIS

Poxy Island Beach, PEI  
Schooner Cove, Tofino, BC 
Malignant Cove, NS
S'Ville Beach, NF
Phinney Cove, NS 
Duffy Road Ext. Beach, NS 
Green Bay, NS
Hirtles Beach, NS,
Ambleside Beach, BC
Cabin Beach, Ucluelet.B.C
Popham Island, BC,
Goski in Gowgaia Bay, BC 
Baccaro Beach, NS,
Arnie's Beach, BC
Cone Head Beach, BC,
Moresby Island, BC,
Kumdis Island, BC,

Hendricken 
Sherwood 
Stark 
Blanchard
Price
Germain
Whitten
Morris
Lee
Schoen
Marliave
Carey
Nickerson & Keylor 
Onorah
Carey 
Carey   

Gray

22
13
11
2
14 
1
14
17
2
2
2
10
9
8
1
7
2

Thus, a totals of 137 beach surveys have been reported under the NMDS Program since 
November of 1994. This huge data collection effort has led to the creation of two separate 
(but obviously related) data bases:

· the container data base, in which 15 variables (or “fields”) are recorded for every 
individual container collected at each of the 17 sites that participated in the study; the 
working version of this data base now has 6638 rows (or “records”)

· the main data base, in which summarized container data from each survey is united 
with container and debris weight information, as well as debris type data;  this data 
base (which has 137 records) was used to create the individual beach data bases that 
give rise to most of the graphs that form the appendices of this report.
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Statistical Methods Employed

Statistical methods can be categorized as either descriptive or inferential in nature.  
Descriptive methods are familiar to almost everyone, and include the use of graphs and basic 
statistics (like averages, medians, and percentages) to convey the essential features of a set 
of data;  these methods will continue to be used extensively in this final report.  Inferential 
methods, on the other hand, produce a more advanced analysis that includes one or more of 
the following:  margins of error, tests of statistical significance, and predictions.

The present report will make extensive use of tests of statistical significance, following the 
common practice of summarizing the results of a test using a p-value.  To gain a working 
understanding of a p-value, the reader should first be aware of what the term “statistically 
significant” implies.  An observed difference (between two medians, for example) is said to be 
statistically significant if it cannot reasonably be explained as a result of chance.  So, in 100 
flips of a coin – which would be expected to produce around 50 heads – an observation of 53 
heads would not be statistically significant, whereas one with just 38 heads would be.  The p-
value associated with a test is a special kind of calculated probability, and so is connected to 
the idea of something occurring by chance.  Here is the operative rule for working with p-
values: the lower the p-value, the less plausible the “just by chance” explanation for an 
observation is.  For example, the (one-tailed) p-value associated with the outcome “38 heads 
in 100 flips” is 1.05% (a very low value) while the corresponding value for 53 heads is a much 
larger 24.21%.  In practical terms, if we found a coin, flipped it fairly 100 times, and got only 
38 heads, we would have good statistical evidence that the coin was not a fair one.

The extensive analysis that has been performed on the final NMDSP data bases has made 
use of the following specific statistical methods:

· time series analysis, including study of trends and cycles, and where warranted, 
prediction of future observations

· comparison of medians (generally as part of a study of cycles) using methods that 
work well when there are unusual values (called “outliers”) in the data

· correlation analysis, using either the standard correlation coefficient (r) or an “outlier 
resistant” version known as “rho”;  both of these statistics help us assess the extent to 
which two measures are associated or correlated

· regression analysis, which was used in a few different ways:  to fit lines or curves to a 
set of x-y data, to test the significance of an observed slope, and to study how a debris 
measure is simultaneously related to several different factors;  once again, care was 
taken to avoid the problems caused by outliers and wide swings in the data.

In most cases, the technical details of these analyses have not been made explicit in this 
report, but the reader can be assured that every effort has been made to report only highly 
reliable statistics and p-values.
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Presentation of Results

As in the past, this report will rely heavily on graphs to convey the essential results of the data 
analysis.  Most of these graphs will show, for an entire series of surveys on a single beach, 
various counts, weights, or counts converted to percentages relative to the total number of 
containers.  The graphs will be studied from two points of view: overall trend (upward, 
downward, curved, or flat) and possible cycles (suggestive of periodic events such as 
summer activities, fishing seasons, weather, and so on).  The number of graphs included at 
this stage will vary from beach to beach due to such factors as: number of surveys done, 
number of containers typically found per survey, amount of debris found, and the regularity of 
the survey dates (which strongly affects the study of cycles in the data).
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This year’s report will again use:

· summary tables for the set of time series graphs that were done for each site

· derived “per month” versions of the most useful count and measurement variables: 
these variables give the rate of accumulation of debris between survey times, and are 
useful when checking for cycles in the common situation where survey dates are not 
equally spaced over time. For example, at Phinney Cove, surveys were done quite 
regularly in May and in September;  while the May to September interval is roughly 
four months long, the September to May period is twice that, so one might reasonably 
expect double the number of containers in May if the accumulation rate of the 
containers remains constant throughout the year. (The fact that this rate is not
constant is of considerable interest, which makes the “containers per month” variable
extremely useful here, and elsewhere.) 

With respect to the tables that will be used here for seven of the sites, the reader should be 
aware of the following points:

· The column headed “Lo Q1 M Q3 Hi” is intended to give an idea of the overall size of 
the numbers in the graph;  counts, weights, or percentages that are typically very low 
will generally be of less interest than higher ones.

· The five numbers reported in this column are the lowest (“Lo”), the first quartile 
(“Q1"),the median (“M”), the third quartile (“Q3"), and the highest value (“Hi”) of the 
series. The first quartile is the median (or middle value) of the lower half of the data, 
while the third quartile is the median of the upper half.  Quartiles are useful “central-
range” values when the lowest and highest data values tend to be atypical, as is often 
the case with debris-related data.

· Many of the entries in the “Trend” column involve the word “flat”, even though the 
corresponding  graph shows wide swings from low to high values over time;  this 
paradox is resolved by noting that, in time series analysis, the trend is given by the line 
that best describes the overall direction of movement of the series over time.  
Whenever the slope of this line is not significantly different from zero (that is, the p-
value is large), the trend is reported to be “flat”.  (Recall that a horizontal line has a 
slope equal to 0.)  For technical reasons, only low p-values are reported in this column.

· The identification of cycles in this final report is much more objective than it has been 
in the past;  the method used is a comparison of median amounts (counts, weights, 
etc.) across the represented seasons. Calculated p-values are almost always included 
here and can be interpreted as follows: the lower the p-value, the more regular the 
cycle.

The last part of the current report will (after updating East-West differences) follow up on 
factors that, in last year’s data, seemed to affect the total combined weight (omitting metal) of 
containers and debris.  The graphs used here will be of a different nature from the typical time 
series graph.
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East Coast Beaches

Poxy Island, PEI

Most of the graphs of Appendix One are summarized in this table:

Poxy Island Beach, PEI:  743 containers over 22 surveys

Gr Title Lo Q1 M Q3 Hi Trend Cycle (nature)

1 Total Container Count 
over Time

18  25.8  30 
39.5  72

U-shaped
p = 4.3%

irregular
p = 60.0%

3 Containers per Month 
over Time

2.9  6.8  9.5
12.9  17.0

flat highs in Nov.,
lows in June
p = 0.0%

4 Total Count of
Plastic Containers vs 
Time

8  10.8  16
23.3  38

quite flat irregular
p = 66.5%

0.2 Plastic Containers per 
Month over Time

1.3  3.1  4.3
6.6  10.7

flat highs in Nov.,
lows in June
p = 1.1%

5 Percent Plastic
Containers over Time

29.4  43.0
50.0  60.8
79.2

quite flat irregular
p = 77.3%

6 Total Weight of Non-
Metal Debris
over Time

0  0  250
1262  10,600

upswing? irregular
p = 79.8%

0.3 Non-Metal Debris 
Weight per Month
over Time

0  0  54.8
239.4  669.0

up? (new,
higher 
plateau from 
‘98)

irregular
p = 53.4%

7 Percent of Containers 
with
Alcohol vs Time

0  7.9  15.0
18.0  25.0

flat lows in Nov.,
highs in June
less regular now: p 
= 15.2%

8 Percent of Containers 
with
Food over Time

16.0  27.1
37.7  47.5
60.0

fairly flat, 
weak up

irregular
p = 89.2%

9 Percent of Containers 
with
Auto/Mech. Prod. over 

2.4  7.9  13.1  
18.7

quite flat quite regular 
peaks in June,
lows in Nov./
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Time 22.2 Sept. p = 4.2%

10 Highest Count of 
Debris Items over 
Time

3.0  8.0  13.1  
13.4  25.1

flat styrofoam is 
dominant
p = 51.2%

14 Food Containers per 
Month, over Time

1.3  1.9  3.0  5.3  
7.7

flat quite regular: lows 
in June, highs in 
Nov.
p = 0.9%

15  Auto/Mechanical 
Containers per Month, 
over Time

0.3  0.6  1.0  1.3  
3.2

flat irregular
p = 46%

Graph I.2 shows the "Total Container Count", and its trend analysis.   Once again, a 
straight line is not adequate to summarize the trend, and a curved line was fit to the data 
instead. The line used is, as before, part of a parabola, and this curved trend is statistically 
significant (p = 4.3%).  As before, this can be interpreted as suggesting that container counts 
are continuing to rebound from a low point observed about three years ago.

Graph I.3 is our first look, this year, at a “per month” variable, namely the total number 
of containers found, divided by the number of months since the previous survey was done.  
The “Count per Month” graph (I.3) continues to show clear evidence of a seasonal cycle 
despite the absence of any obvious cycle in the original count graph (I.1). Graph I.3 reinforces 
last year’s observation that the rate of accumulation depends on the season, and is highest in 
the fall and lowest in the spring.  It will be of considerable interest to explore the reasons for
this cycle.

Summary of other Graphical Results

Overall severity of debris problem:  moderate.

Trends: Generally flat, except for a rebound in total container count and possible rises in non-
metal debris amounts and rates.

Cycles:  Strongest in the “per month” variables:  containers per month, plastic containers per 
month, and food containers per month all show highs in November.  As well, the percent of 
containers with automotive or mechanical products shows a cycle with highs in June.

Relationships:  While total container count appears to be irregular and unpredictable, the 
opposite is true for the monthly rate of accumulation of containers (denoted hereafter as 
CPM;  see Graphs I.12 and 13).   When the accumulation rate of containers is high:

· the accumulation rate of food containers is high
· the percentage of containers that held automotive/mechanical products is relatively low 

(see Graph I.11)
· winds tend to be stronger (see Graph I.13)
· the season (as opposed to the survey date) is summer or early fall (see Graph I.13)
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Most Plausible Explanation for the Observed Effects

The detailed (percent) content analysis of most of the containers harvested from this site is:

Unknown 33.2

Pop, other drinks 17.6

Alcoholic beverages 13.9

Milk, juice, water 10.6

Engine oil 10.5

Other solid food  5.8

Total (%) 91.6

These results clearly point to a variety of sources of the fairly stable debris problem at this 
site:

· beach users having drinks or picnics on the beach
· users having parties (likely land-based for the most part)and leaving their empties 

behind
· boaters (and possibly others) using oil for their outboard motors (or for other reasons)
· industry (shipbuilding is nearby) producing hard-to-identify containers

This last source is the only truly speculative one in the list, since a container’s contents may 
be unidentified for any of several reasons.  The picture that emerges here is one of increased 
use of the beach for picnics and parties during the summer and early fall, resulting in the 
observed higher rates of accumulation of containers during these seasons.  The role of wind 
here is to move the containers both from water to shore, and from parts of the beach near the 
water to the container survey area of the beach.  Clearly, stronger winds are more effective 
movers, which explains the correlation between wind strength and the accumulation rate, 
CPM. (Graphs I.13 shows how the points cluster into two well-separated groups, based on 
season;  this discovery allowed a correlation analysis to be done in each of the groups 
separately, which, in turn, provided much of the foregoing insights.)
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Malignant Cove, NS (Appendix Two)

Malignant Cove, NS: 247 containers over 11 surveys

Gr Title Lo Q1 M Q3 Hi Trend Cycle (nature)

1 Total Container Count 
over Time

5  8  11  23  84 flat? two high 
pts.

irregular
p = 80.3%

0 Containers per Month 
over Time

0.6  1.2  3.2  6.1  
8.3

flat irregular
p = 33.3%

2 Total Weight of Non-
Metal Debris
over Time

0  0  0  0  400 Always 0, 
except
at endpts

no variation,
except at endpts.

3 Highest Count of 
Debris Items over 
Time

1  2  6  7 9 flat fishing and 
styrofoam most 
recently;
p = 76.3%

4 Percent of Containers 
with
Alcohol vs Time

0  3.5  12.5 27.3  
42.1

flat tends to be lowest 
in late fall: p = 30%

5 Percent of Containers 
with
Auto/Mech. Prod. over 
Time

0  0  7.0  20.0  
28.6

flat not very regular: p = 
9.3%; tends to
Nov/Dec highs

With only one survey of this site in each of the past four years, the study of any seasonal 
cycles becomes more difficult. Container counts at this site are often less than 12, which 
makes the interpretation of percentages (like the percentage of containers that held alcohol) 
risky;  the reader should note that, in such graphs, month labels are smaller and in a different 
font when the corresponding percentage is based on a low total count.  Although some debris 
was found in the transects during each survey, the weight of this material shows up as zero 
on the graphs, due to the reporting procedure that was used:  weights less than 50 grams 
were recorded as 0.

Summary of Graphical Results

Overall severity of debris problem:  low to moderate.

Trends: Generally flat, with the possible exception of an increasing trend in total container 
count (p = 15%, not yet statistically significant).

Cycles: Identification of seasonal cycles is difficult with only one survey in each of the last four 
years of the study.  There may be a tendency for the percent of containers with automotive or 
mechanical products to be highest in November and December (p = 9.3%, marginally 
significant);  otherwise, there are no obvious cycles here.
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Relationships:  Here again,  total container count appears to be irregular and unpredictable, 
but there are two significant correlations involving the monthly rate of accumulation of 
containers (or CPM).   When the accumulation rate of containers is high:

· the percentage of containers made of plastic is relatively high (p = 0.6%)
· the percentage of containers that held alcohol is relatively low (p = 5.2%)

Note that, with wind strength information missing from three surveys and with little variation in 
reported wind strength (always 6 or 7) and direction (always on shore), the influence of wind 
on container counts or CPM cannot be meaningfully assessed in this case (see Graph II.6).

Possible Explanation for the Observed Effects

The detailed (percent) content analysis of the containers harvested from this site is:

Unknown 32

Pop, other drinks 23.9

Alcoholic beverages 12.6

Engine oil  9.7

Milk, juice, water  8.1

Other solid food  2.8

Total (%) 89.1

A breakdown of the above by season reveals that the August and September collections of 
identifiable containers were dominated by beer cans (18.3%) and pop containers (33.3%), 
whereas the late fall surveys produced primarily pop containers (19.6%) and oil containers 
(17.9%).  Over half the containers from the spring surveys (53.3%) had contents that could 
not be identified, while only pop (12%) and beer (8%) stand out among the identified 
containers in this season.

As was the case in PEI, these results are consistent with land-based use of the beaches for 
picnics and parties during the warmer months.  In the late fall months, food and drink 
containers give way to one-litre oil containers as the beach-goers stay home and the oil 
containers make their way to shore from the boats where they were used and tossed 
overboard.  The unusually high container counts and debris weights recorded in the last 
survey (Dec., 2001) are consistent with the included report of a big storm on the fourteenth of 
November that year.
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Phinney Cove, NS (Appendix Three)

In May of 2001, Jim and Diane Price removed 438 containers from their beach, fewer than 
the record, 678, in May, 2000, but still alarmingly high.

Phinney Cove, NS:  2892 containers over 14 surveys

Gr Title Lo Q1 M Q3 Hi Trend Cycle (nature)

1 Total Container Count 
over Time

33  76.7 116.5  
342.7  678

flat very regular:
highs in May,
lows in Sept.;
p = 0.4%

0 Containers per Month 
over Time

9.2  7.0  28.2  
43.2  78.9

flat highs in May
lows in Sept.
p = 1.5%

2 Total Weight of Non-
Metal Containers over 
Time

3450  8269
18,575  38,475  
68,025

up
p = 1.6%

very regular:
highs in May,
lows in Sept.,
widening over time; 
p = 1.3%

2b Wt. of Non-Metal
Containers per
Month, over Time

1102  2060  4054
 5686  7917

up, peak,
then down
p = 3.3%

only in last 3 yrs.: 
highs in May as 
above;
p = 11.6%

3 Total Weight of Non-
Metal Debris
over Time

325  954  6762  
14,219  21,155

quite flat;
p = 10.2%

quite regular:
highs in May
lows in Sept.;
p = 1.8%

0.1 Wt. of Non-Metal 
Debris per Month
over Time

89  330  1485  
2287  2610

flat or weak 
up;
p = 7.8%

less regular:
highs in May
lows in Sept.;
p = 15.3%

4 Highest Count of 
Debris Items over 
Time

12.0  13.1  32.7  
41.5 69.3

flat very regular count 
cycle: p= 0.2%; now
all plastic 

5 Percent Plastic
Containers over Time

68.4  89.2  91.5  
95.6  98.4

up
p = 0.8%

irregular;
p > 80%

7 Percent of Containers 
from Canada vs Time

12.1  21.2  27.2  
38.0  52.6

down
p = 3.5%

increasingly 
irregular:
p = 75%

8 Percent of Containers 
with
Alcohol vs Time

0  0.1  0.5  2.3  
10.5

down
p = 0.5%

not regular;
p = 47.2%
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9 Percent of Containers 
with
Auto/Mech. Prod. over 
Time

9.4  14.1  22.8  
26.3  29.3

flat quite regular:
highs in May
lows in Sept.;
p = 4.8%

0.4 Percent of Containers 
with Food over Time

19.8  20.3  24.6  
31.5  44.7

flat quite regular: highs 
in fall;   p = 4.8%
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The following comments are largely unchanged from last year’s report, and are included here 
to maintain continuity:

· The formal time series decomposition of the 2000 data on the total weight of nonlegal 
containers (see Graphs III.2 and 2a of the present report) led to the following 
predictions for the year 2001:  66.3 kilograms for May (actual was 50.7 kg.) and 22.9 
kilograms for September (actual was an unusually low 7.0 kg.).

· The new time series decomposition forecasts (for 2002) are: 62.6 kg. in the spring 
survey, and 18.9 kg. in the fall. The mean absolute percentage error (“MAPE”) for this 
procedure is now 41% (up from 24% last year) of the actual value, and the mean 
absolute error (“MAD”) is 6480 grams (up from 4217 g.).  The decreasing accuracy of 
prediction here can be attributed to two factors: the unusual points in May, 2000 and 
September, 2001, and the possible (but not yet statistically significant) levelling off of 
the upward trend in this measure.

· The derived “per month” series for this site generally show less pronounced cycles 
than do the corresponding original variables; but the persistence of the May peaks 
shows that the original cycles were not simply a result of the fact that the September to 
May period is roughly twice as long as the May to September interval.  This suggests 
the presence of some factor that is capable of increasing the container accumulation 
rate over the period from September to May.

· Graph III.6 shows that the extraordinarily high container count of May, 2000 
corresponds to a combination of quite strong winds and variable directions.  In fact, the 
original data form shows that the main directions were reported as “on shore” and 
“parallel” (which was entered as “variable” in the data base); as well, a major storm in 
January, which coincided with some of the highest tides of the year, is the most 
plausible explanation for the doubling of the container count in May of 2000. The 
Prices have also suggested that the high tides which cleaned their beach prior to the 
final survey (September, 2001), resulted in the unusually low observed container count 
at the end of the series.

· Graph III.11 shows the comparison of container contents in terms of simple container 
counts rather than counts converted to percentages.  We note that, once again, three 
of the six content categories follow the May/September cycle very closely; they are the 
“unknown”, “auto/mechanical”, and “foods” categories.
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Summary of Graphical and Other Results

Overall severity of debris problem:  very severe

Trends: Generally flat, with the following exceptions:

· upward trend: weight of nonlegal containers; percent of containers made of plastic
· weak upward trend: weight per month of nonlegal debris
· downward trend: percent of containers of Canadian origin, percent of containers that 

held alcohol
· parabolic (inverted “U”) trend:  weight per month of nonlegal containers

Cycles: Most of the debris measures at this site show a pronounced seasonal cycle, with 
highs in May/June and lows in September/October.  Exceptions to this that were studied 
include:

· percent of containers that held food products: there is a significant seasonal cycle, but 
with highs in the fall surveys, rather than in the spring

· weight per month of nonlegal debris, percent of containers made of plastic, percent of 
containers of Canadian origin, percent of containers that held alcohol, and the early 
years of the ‘weight per month of nonlegal containers’ series:  all of these show no 
significant seasonal cycle (as measured by comparing medians between spring and 
fall)

Relationships:  Here both  total container count and the monthly rate of accumulation of 
containers (CPM) appear to be quite predictable.  This analysis will focus on the CPM variable 
both because this variable is the only choice at other interesting sites and because CPM 
values tend to be less prone to the effects of extreme values than are raw container counts.  
When the general accumulation rate of containers at Phinney Cove is high:

· the percentage of containers that held food is relatively low (p = 4.0%,  Graph 12)
· somewhat paradoxically, the monthly accumulation rate of food containers is high (p = 

0.00%,  Graph 18);  note that the median of this measure (7.9 food containers per 
month) is about 30% that of the CPM variable (28.2 containers per month)

· the percentage of containers that held automotive/mechanical products is relatively 
high  (p = 7.0%,  Graph 13)

· the monthly accumulation rate of automotive/mechanical product containers is high (p 
= 0.00%,  Graph 19);  note that the median of this measure (5.6 auto/mech. containers 
per month) is about 20% that of  the CPM variable 

· the survey was carried out in May or June, following a winter and early spring that were 
typically characterized by strong (p = 1.5%), on shore winds (see Graphs III.15, 16 and 
17).

The paradoxical finding noted above might be explained as follows: prior to the spring survey, 
when containers are generally accumulating at this site at a very high rate, the accumulation 
rate of food containers is also high in an absolute sense, but this rate is lower than that of 
other types of containers, causing the percentage of containers that held food to fall behind in 
this period.  Another way to see this is to note that, prior to May, the median rate of 
accumulation of food containers is about 11 per month – just slightly higher than the 
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corresponding rate for automotive/mechanical containers  (10.7 per month) – but the 
summertime accumulation rates are 6.9 food containers per month and 3.5 
automotive/mechanical containers per month.

Possible Explanation for the Observed Effects

The detailed (percent)content analysis of the containers harvested from this site is:

Unknown  41.7

Engine oil  18.1

Pop, other drinks  11.1

Other solid food   7.1

Other auto/mech.   5.2

Milk, juice, water   4

Dish soap   2.3

Total (%)  89.5

A breakdown of the above by season reveals that, of the 2361 containers removed from this 
site in the spring surveys, 448 (or 19.0%) held engine oil, while the fall visits found “only” 76 
such containers out of a total of 531 (or 14.3%).

Breaking down the category “Other solid foods” by type of container reveals that 83% of these 
205 containers were tubs, of the kind used to hold larger sizes of yogurt, ice cream, or 
margarine.  Returning to the original data reporting forms from this site, and examining the 
detailed contents of such containers, suggests that yogurt, margarine, frozen desserts, and 
other common domestic food products were, indeed, the contents of almost all of these tubs.

These results are consistent with the following types of human influence at this site, namely:

· fishing:   year-round scallop fishery and a fall (Oct. 15 to Dec. 15) lobster fishery
· daily ferry boat traffic
· summer beach picnics or parties (at which use of alcohol is apparently rare)
· disposal of household garbage into the marine environment

Marine sources, judging by the prominence of engine oil and other automotive or mechanical 
product containers in the above table, appear to be more important at this site than at most 
others.  In addition, the significant quantities of debris that are most likely associated with 
domestic, in-home use, strongly suggest that some homeowners or renters are simply 
dumping their household garbage into the ocean, rather than disposing of it properly.

The large swings in observed debris accumulations between the spring and fall surveys seem 
to be well-explained by wind variations between the seasons, and by the relative mix of the 
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two main types of debris:  automotive/mechanical and food-related.  That is, the accumulation 
rate of automotive/mechanical containers drops off dramatically over the summer months –
more so than does the corresponding rate for food containers.  This seems to be, in part, a 
result of the lobster fishery ending in mid-December.  However, with a median number of 
containers (total) of 342 in spring and 81 in fall, the debris problem at this site is clearly of a 
very serious nature throughout the year.  What is most disheartening is that the problem 
shows almost no signs of abating.
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Green Bay, NS  (Appendix Four)

Green Bay, NS: 35 containers over 14 surveys

Gr Title Lo Q1 M Q3 Hi Trend Cycle (nature)

1 Total Container Count 
over Time

0  1  2  3.25  9 flat irregular;
p = 21.3%

2 Containers per Month 
over Time

0  0.14  0.33  0.63 
 2.22

flat, two high 
pts.

irregular
p = 60.3%

Summary of Graphical Results

Overall severity of debris problem:  very low

Trends: Flat

Cycles: There are no obvious cycles here.  Variables involving percentages were not 
analysed due to the instability of percentages that are based on small total counts.

Relationships:  Graph IV.3 shows that there is little connection between wind strength and 
total container count.  A closer look does, however, reveal some interesting parallels and 
contrasts with the Phinney Cove site:

· as was true for Phinney Cove, the Green Bay site appears to be subject to a good 
variety of wind conditions, both in terms of strength and direction;  in addition, the 
winds at this site were generally reported to be in the stronger range.

· for five of the Green Bay surveys, the wind direction was reported as “parallel”;  this is 
quite unusual, and may be partly responsible for the low debris totals at this site 
(although there is not enough data here to verify this suspicion)

· the highest observed count (9) corresponds to strong, variable winds, as was the case 
for the Phinney Cove site (678 containers).

Possible Explanation for the Observed Effects

A total of only 35 containers were removed from this site over the past seven years of study.  
Of these, 21 (or 60%) held food products and 6 or (17%) held automotive/mechanical 
products; most of the remaining containers were of unknown contents.  The most plausible 
explanation for the absence of a debris problem at this site appears to lie in the following 
consistent observations made by the surveyors:  the closure of this beach’s access road and 
the subsequent decline in the number of beach users.  This situation has provided a useful 
contrast to similar sites that have remained open to heavy use for picnics and parties, and 
suggests that land-based debris from beach users and/or improperly disposed domestic 
garbage is a large part of the problem at these other sites.  As for ocean-based debris, it is 
still not clear why so little of this is reaching the Green Bay site;  perhaps local wind and 
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ocean current conditions hold the answer here.* Whatever the reason, it is encouraging to 
have at least one relatively clean site in the study.

*Note: The researcher, Jane Whitten, also noted that her site was very clean compared to 
other sites, particularly in comparison to sites on the EAST coast of Nova Scotia, in the Bay o f 
Fundy. See Appendix Nine for a transcript of her observations communicated in a letter to 
Valerie Thom, Program Manager, NMDSP.
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Hirtles Beach, NS (Appendix Five)

Hirtles Beach, NS: 304 containers over 17 surveys

Gr Title Lo Q1 M Q3 Hi Trend (p) Cycle (nature)

1 Total Container Count 
over Time

5  8  12  23.5  55 flat;
p = 12.3%

not regular;
p = 12.6%

0 Containers per Month 
over Time

1.0  2.0  2.7  5.2  
18.3

flat or weak 
down: 2 high 
pts.

irregular;
p = 25.3%

2 Total Weight of Non-
Metal Debris
over Time

0  25  150  450  
600

flat irregular, wide 
swings;
p = 95%

0 Wt. of Non-Metal 
Debris per Month
over Time

0  7.4  42.3  110.6 
 211.6

flat or weak 
up;
p = 9.5%

irregular,
wide swings;
p = 57%

3 Highest Count of 
Debris Items over 
Time

2  2  3  4.5  6 flat irregular;
p = 31%
plastic lately

4 Percent of Containers 
with
Alcohol vs Time

0  0  3.6  16.7  
66.7

flat, one very 
high point

highs in June, July 
are not very regular; 
p = 32%

5 Percent of Containers 
with
Auto/Mech. Prod. over 
Time

0  0  8.3  11.7  
28.6 

flat, but 2 
high points

lows in June/ July 
are less regular 
now;
p = 23%

7 Percent of Containers 
with
Cleaners over Time

0  0  0  5.5  11.8 down
p = 0.6%

irregular;
p = 87%

Summary of Graphical and Other Results

Overall severity of debris problem:  moderate

Trends: Generally flat, with two exceptions:

· a possible upward trend in the highest count of debris items (p = 9.5%, marginal)
· a downward trend in the percent of containers that held cleaners (p = 0.6%)

Cycles: There are no well-established cycles here.  The previously-noted tendency for the 
percentage of automotive/mechanical containers to be low in the June/July surveys seems to 
be weakening.
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Relationships:  The study of other measures that may be related to either the total count of 
containers or to the CPM variable is frustrated by two problems:  the complete absence of 
data on wind conditions prior to all surveys, and the existence of anomalous points (usually 2 
of them) that produce unreliable measures of association.  This last point is illustrated by the 
scatter plot of CPM versus the percent of containers that held food products (see Graph V.6): 
although a correlation of about 0.4 can be calculated for these variables, we see that any 
“positive association” here is an artefact of the two points occupying the upper right corner of 
the graph.  These two obstacles are insurmountable, given the central role played by wind 
conditions at other sites studied so far, and so this part of the analysis cannot be pursued.

Possible Explanation for the Observed Effects

The detailed (percent) content analysis of the containers harvested from this site is:

Unknown  44.1

Pop, other drinks  16.1

Other solid food  10.2

Alcoholic beverages   7.2

Milk, juice, water   5.9

Engine oil   5.9

Total (%)  89.4

A breakdown of the above by season reveals a major rise in the number of beer cans in both 
the June and the September surveys, and pop cans are high in the June survey.  In addition, 
the end-of-summer and end-of-fall surveys tend to produce more oil containers.

These results, dominated as they are by typical land-based sources,  are consistent with the 
reported use of this beach for walking, swimming, and parties.  It is interesting to note how the 
peak in the number of beer cans found relates to traditional party times at the end of the 
school year, and throughout the summer.  This site provides a good example of a moderate 
debris problem that seems to be due in very large part to the users of the beach.
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Baccaro Beach, NS (Appendix Six)

Baccaro Beach, NS: 805 containers over 9 surveys

Gr Title Lo Q1 M Q3 Hi Trend Cycle (nature)

1 Total Container Count 
over Time

29  58  92  115  
146

flat irregular;
p = 100%

0 Containers per Month 
over Time

6.1  7.2  9.5  12.4 
 29.7

flat, huge 
end value

less regular
peaks in June;
p = 56.4%

2 Total Weight of Non-
Metal Debris
over Time

200  588  1300  
2158  23,425

flat, but 1 
very high pt.

highs in June, July 
not
significant:
p = 33%

3 Highest Count of 
Debris Items over 
Time

8  9.5  13.1  13.6  
23

flat, but 1 
very high pt.

irregular count 
pattern;
p = 89.8%.
rope appears 
frequently

4 Percent of Containers 
with
Auto/Mech. Prod. over 
Time

6.9  9.1  21.4  
30.5  39.8

flat highs in June/ July 
are quite regular;
p = 1.4%

Summary of Graphical and Other Results

Overall severity of debris problem:  moderate to severe

Trends: Generally flat, but the objective study of trends is complicated by the existence of one 
or two very high values in many of the series studied.

Cycles: The only well-established cycle here can be seen in the percent of 
automotive/mechanical containers (Graph VI.4), which shows a seasonal cycle with quite 
regular highs in June/July.

Relationships:  As was the case for  Hirtles Beach, the study of factors that may be related to 
either the total count of containers or to the CPM variable is complicated by two problems:  
the lack of variability of reported wind conditions prior to all surveys, and the existence of 
anomalous points (usually just one) that produce hard-to-interpret measures of association in 
small samples such as the present one.  This last problem is illustrated by the scatter plot of 
CPM versus the percent of containers that held automotive or mechanical  products (see 
Graph VI.7).  What can be taken from Graphs 5 through 9 (and others, not included) are the 
following observations:
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· when total container counts are high, the percent of containers that held cleaning 
products tends to be high as well (p = 0.7%)

· when total container counts are high, the percent of containers that held food products 
tends to be relatively low (p = 1.1%) – but the scatter plot is not fully convincing here

· ignoring the November points, there appears to be a negative relationship between 
total container count and the percent of containers that held automotive/mechanical 
products

To summarize, when the total count of containers at this site is relatively high, the mix of 
containers tends toward more cleaning products and fewer containers with food and 
automotive/mechanical products.  This is the first time we have seen cleaning products play 
any sort of significant role in the debris analysis.

Possible Explanation for the Observed Effects

The detailed (percent) content analysis of the containers harvested from this site is:

Milk, juice, water 21

Pop, other drinks 18.5

Engine oil 15.8

Other solid food 13

Other auto/mech.  6.5

Bleach, ammonia  5

Alcoholic beverages  2.6

Unknown  1.5

Total (%) 83.9

The reader will note the striking differences between this table and the others seen so far:  
virtually all of the containers could be identified in terms of their contents, and bleach or 
ammonia appears for the first time.  Not included in the above table is the 4.2% value 
corresponding to personal care items:  this was the result of the chance discovery of a bag of 
toiletries during the last survey of the beach, and should be regarded as an atypical 
occurrence.  (Incidentally, this fact explains much of the unusual nature of the last data point 
of the series.)

A breakdown of the above by season shows little seasonal variation, except for automotive 
and mechanical products, which decrease in prominence in the fall surveys (as previously 
noted in the discussion of cycles).  As a concrete example, a total of 95 oil containers were 
collected in the June/July surveys (19.8% of the total of 481), whereas only 32 of these 
containers were removed in the fall surveys (9.9% of the total of 324 containers).  
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It seems likely that the automotive/mechanical and cleanser containers  came from the fishing 
boats that were reported in the waters off this site.  But this source appears to account for 
less than 30% of the serious problem that exists here, as over half of the containers found 
here since 1996 are more typical of  beach users and/or improper disposal of domestic 
garbage.  (as we have seen at other sites).  The surveyors of this site are, however, optimistic 
that the severity of the debris problem at their site will be reduced as a result of:

· an increased social conscience among fishers
· the availability of receptacles and regular garbage pickups
· the existence of Harbour Authorities
· reduced fishing activity.

Unusual occurrences in the last survey of this site make it hard to assess the short-term 
impact of the above, but we can hope that the debris amounts at Baccaro Beach will 
decrease in the near future.
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West Coast Beaches

Schooner Cove, BC (Appendix Eight)

Schooner Cove, BC:  460 containers over 13 surveys

Gr Title Lo Q1 M Q3 Hi Trend Cycle (nature)

1 Total Container Count 
over Time

12  17  32  53.5  
62

flat regular winter highs 
p = 1.4%

0 Containers per Month 
over Time

1.6  4.2  8.0  12.4 
 16.7

flat quite regular
winter highs
p = 7.8%

2 Total Weight of Non-
Metal Debris
over Time

1200  1620  2940
 3524  6850

flat, one high 
point

irregular
p = 34.3%

0 Wt. of Non-Metal 
Debris per Month
over Time

245  355  546  
955  1653

flat, one high 
point

irregular, with a lot 
of variation
p = 33.5%

3 Total Weight of all 
Containers
over Time

950  1240  4600  
9835  19,150

flat, but last 
pt. very high

quite regular
winter highs
p = 2.0%

0.1 Weight of all 
Containers per
Month over Time

110  297  1190  
1659  6383

flat, but last 
pt. very high

quite regular
winter highs
p = 4.4%

4 Highest Count of 
Debris Items over 
Time

11.0  13.1  25.0  
26.1  30.2

flat irregular, p =
64%;  plastic 
dominates

5 Percent of Containers 
with
Alcohol vs Time

1.7  4.1  9.4  11.8 
 16.7

flat irregular
p = 30.3%

6 Percent of Containers 
with
Auto/Mech. Prod. over 
Time

0  4.4  6.3  8.8  
16.7

flat, but one 
high point

lows in winter are 
quite regular
p = 5.7%

7 Percent of Containers 
with
Food over Time

20.7  32.8  51.6  
62.3  71.4

up
p = 0.0%

irregular, with a lot 
of variation
p = 93.6%
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Summary of Graphical and Other Results

Overall severity of debris problem:  moderate

Trends: Generally flat, with the exception of the percent of containers that held food:  this 
series shows an upward trend (p = 0.00%).

Cycles: Several of the debris measures at this site show a strong seasonal cycle, with highs in 
the winter surveys (December, January, February). Exceptions to this that were studied 
include:

· percent of containers that held automotive/mechanical products: there is a significant 
seasonal cycle, but with lows in the winter surveys

· there is no discernable seasonal cycle in any measures involving weight of nonlegal 
debris

· there is no seasonal cycle in:  the highest count of debris items; the percent of 
containers that held food and the percent of containers that held alcohol

Relationships:  Here both total container count and the monthly rate of accumulation of 
containers (CPM) appear to be quite predictable.  This analysis will focus on the CPM variable 
for the reasons cited earlier in the Phinney Cove section. When the general accumulation rate 
of containers at Schooner Cove is high:

· the percentage of containers that held alcohol is relatively low (p = 1.2%,  Graph 
VIII.5)

· the percentage of containers that held food products is relatively high (p = 7.1%,  
Graph VIII.4)

· the monthly accumulation rate of food product containers is high (p = 0.00%,  Graph 
VIII.3);  note that the median of this measure (3.3 food containers per month) is over 
41% that of  the CPM variable (which is 8.0 containers per month), suggesting the 
dominant role of food containers here

· the reported wind conditions suggest that, typically, the winds were strong and variable 
in direction prior to the survey:  the median value of CPM is 5.33 containers per month 
when winds are on shore or parallel, but almost double this (10.0 containers per 
month) when the winds are variable (p = 8.8%).

Possible Explanation for the Observed Effects

The detailed (percent) content analysis of the containers harvested from this site is:

Milk, juice, water 23.9

Unknown 17

Pop, other drinks 11.7

Alcoholic beverages  7

Other solid food  6.7

Personal care items  4.4
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Oil & dressing (food)  3.9

Engine oil  3.7

Total (%) 78.3

A breakdown of the above by season reveals that juice and water containers form a much 
smaller percentage of all the containers collected prior in the June survey (4.2% and 6.3% 
respectively) than they do in the fall survey (13.5% juice and 15.6% water).  If anything, the 
opposite is true for pop cans, which comprise 14.7%  of June containers, 12.5% of fall 
containers, and 8.6% of the winter collection.  Engine oil containers, which vary between 2 
and 3 percent of all the fall and winter containers, jump to 7.4% of the containers collected in 
June - which is consistent with the previous analysis of seasonal cycles.  Finally, total 
container counts in both the June and September surveys are (individually) roughly 35 to 36% 
of the total winter count of containers.
These results are consistent with the existence of such land-based sources of debris as 
beach parties (which apparently occur earlier in the season), and beach picnics and camping, 
which naturally increase in frequency during the warmer months.  The stronger, variable 
winds of fall and early winter then move the containers left behind to the container survey 
area, where they can be collected by surveyors.  It is interesting to note the contrast between 
this West Coast site and the typical East Coast beach:  engine oil containers play a much 
smaller role in the debris problem here than they do on the East Coast.  (These differences 
will be further explored in the next section of the report.)
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Goski in Gowgaia Bay, BC

A total of ten surveys, yielding 533 containers, were carried out at this site between March of 
1995 and November of 1997.  For the purposes of the present report, the following summary 
will suffice in this case.

Summary of Findings

Overall severity of debris problem:  moderate  (a median of 46 containers per survey)

Trends: A highly significant upward trend (p = 0.0%) in the percent of containers that held 
food products (over time).  There is a marginally significant downward trend (p = 9.8%) in the 
total container count over time, but this result could just as easily be ascribed to one 
unusually high count that makes it difficult to objectively assess the overall trend.

Cycles: There are no significant cycles here.

Relationships:  Information on wind strength and direction were recorded for only 3 of the 10 
surveys that were done at this remote site.  This fact, together with the relatively low number 
of surveys, will severely limit the study of correlations here.  It can be noted, however, that the 
correlation between total container count and the percent of containers that held food is 
statistically significant ( r  = -0.642, p = 4.6% ).   This suggests that, when total accumulations 
of containers are high at this site, food containers form a relatively small fraction of the total.

Possible Explanation for the Observed Effects

The detailed (percent) content analysis of the containers harvested from this site is:

Unknown  42.8

Other liquid  10.7

Other solid food   8.1

Auto/mech. products   4.1

Pop, other drinks   3.8

Miscellaneous   3.6

Alcoholic beverages   3.2

Milk, juice, water   3.2

Other medical   2.8

Total (%)  82.3

It seems clear from the above breakdown that this site has seen a large variety of types of 
containers, many of which were difficult to categorize for one reason or another.
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A notable difference between this site and the Eastern ones is the relatively low percentage of 
containers that could be identified as coming from Canada: 8.6%.  When American and 
Canadian origins are combined, the fraction rises to 23.8% of all containers.  This should be 
compared with 14.3%, which is the percentage of Southeast Asian origin;  the largest 
identifiable subgroup here came from Japan (38 containers, or 7.1% of the grand total).  
Unfortunately, there are no obvious tendencies in content types in these groups, and for 
understandable reasons, many of the contents remain unidentified.

This last observation is the only one to give rise to a solid conclusion here:  this site, the most 
remote in the  study, is subject to the effects of debris emanating from the established  
international shipping routes offshore (assuming, of course, that very few containers could 
drift all the way from Southeast Asia to the BC coast).
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East-West (and other) Comparisons  (Appendix Seven, Part 1)

The container data base used to produce the information of this section now has 6638 
container records, 76.2% of them from the East Coast (up from 72.8% last year).  Overall, 
foods (steady at 33.6%) and automotive or mechanical products (up slightly to 17.4% this 
year) remain the most common identifiable contents, but 32.5% of the 6638 containers could 
not be identified in terms of original contents.  Similarly, 41.3% (about the same as last year) 
of all containers could not be positively connected with a country of origin.

Graph VII.1 of Appendix Seven shows how these 6638 containers are distributed over the 
eight different years the NMDSP has been in operation.  (Recall that only the Poxy Island, 
PEI, site got off to an early start, in the fall of 1994.)  It is interesting to see that total count 
numbers are not dramatically lower for 2001, despite the smaller number of surveys done in 
that year.

Graphs VII.1a and 1b are, for the most part, self-explanatory.
One comment may be useful here, however: the category labelled “bottle” includes jugs, jars, 
tetrapaks, and cartons, and is, naturally, by far the largest container type.  Plastic appears to 
be the material of choice for most containers these days – or is it the case that plastic 
containers are better “survivors” in the environment from which they were collected? .

Graphs VII.2 and VII.3 of Appendix Seven are, once again, updated versions of those 
presented in earlier reports.  Here, the two coasts are compared with respect to the contents 
and origins of the containers found there.

· With respect to contents, the West continues to lead the East in containers of all 
identifiable types except for automotive or mechanical products: the East Coast has a 
large lead in this area.

· With respect to origin of the containers, results are almost identical to those of 
previous years:  the West is ahead on containers from Japan and other Asian 
countries (10.6% to almost 0 in the East) but behind the East in Canadian-made 
containers (19.5% vs. 41.1%). The West also has a greater percentage (49.5%) of 
containers of unknown origin; the figure for the East is only 38.8%.
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Factors Affecting Total Non-Metal Weight  (Appendix Seven, Part 2)

In this section, we continue to study, from a global perspective, some of the more objective 
factors that could possibly explain the widely varying debris amounts at our survey sites.  The 
measure of debris severity used here is the sum of the total weight of all nonlegal containers 
and the total weight of all nonlegal debris for a given survey.  The reader is reminded that, 
unlike the previous three analyses, the ones reported in this subsection do not include 
the sites that have been inactive for over two years.

Graph VII.4 shows the breakdown of median weight by location of the survey, using the 
beach codes given at the beginning of this report.  As was true last year, there is great 
variability in these medians across the sites:  Phinney Cove, NS (code 5), Baccaro Beach, NS 
(code 13), and Schooner Cove, BC (code 2) again stand out as the most seriously polluted 
sites, but this year, they are joined by the new BC site, Kumdis Island (code 17).  These 
differences are highly significant, and clearly illustrate the great variability in the debris 
problem at various beaches in Canada.  With more time, it would be interesting to explore, in 
detail, the relevance of geographical and environmental factors such as ocean currents, 
prevailing winds, proximity to settlements, etc in the rate of accumulation of containers and 
other debris at our study sites. 

The “Median Weight of Non-Metal Debris & Containers by Season” is presented in Graph 
VII.5.  This year, as last, the large differences that appear to exist across the different 
seasons are not quite statistically significant (p = 11%).  However, it has become clear from 
considerable study of the effect of wind conditions at specific sites, that weather factors 
associated with the winter season generally lead to greater debris accumulations at our study 
sites.
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Conclusions and Recommendations

Much has been learned over the past eight years, both about the state of Canada’s beaches 
as well as about methods of assessing and understanding this state.  We will address each of 
these areas separately.

A. The Debris Problem affecting Canada’s Beaches

Surprising regularity and unsuspected patterns have been discovered in various debris 
measures at many of the study sites.  Perhaps the best example here is Poxy Island Beach, 
PEI, where a very regular seasonal cycle in the monthly rate of accumulation of containers 
was eventually found.  These patterns and regularities have made it possible, despite (in 
some cases) limited information about sources of human influence at the site, to present 
highly plausible explanations for the observed debris problem.  Almost every measure of 
debris severity at every site currently shows a stable (flat) trend, or an upward trend.  At 
several sites, the debris problem is severe and, given these trends, shows no signs of 
improvement.

It is also somewhat surprising to have found, that, at many sites with moderate to severe 
debris problems, land-based sources, especially in Atlantic Canada where beaches are more 
easily accessible,  appear to be the main source of the problem.  We have seen many 
examples of land-based debris-generating activity:

· beach parties in late spring (perhaps coinciding with the end of the school year or 
years) which result in an abundance of beer and other alcohol containers at the site

· beach picnics throughout the summer months
· beach visitors leaving behind drink containers (pop, juice, water, etc.)
· dumping of household garbage into the marine environment
· camping on the beach.

Marine sources of debris are reliably detected by the presence of containers for engine oil, 
automotive/mechanical products and cleansers and fishing related gear.  When this problem 
is combined with other sources of marine debris (such as a ferry service or  international 
shipping) and with land-based sources (as happens every year in Phinney Cove, for example) 
the result can be a severe debris problem.
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B. Methods of Studying the Debris Problem

We have learned the following things about monitoring and studying debris on Canada’s 
beaches:

· Regular seasonal cycles exist in measures of debris data, and they can be identified 
even when beach surveys are not carried out in exactly the same months each year 
(although regularity in survey dates is highly desirable).

· Because such cycles exist (sometimes in conjunction with an upward, downward, or 
parabolic trend) any attempt to assess a site’s debris problem with fewer than 6 
surveys is bound to fail in important ways.

· It is possible, with the careful application of outlier-resistant statistical methods, to 
identify practically useful factors that are closely associated with the rate at which 
debris accumulates on a beach.  Such factors include wind strength and direction, and 
seasonal variations in human activities that impact the beach.

· Using a combination of statistical sleuthing, comparisons across different beaches, 
reports of human activity at a site, and plain common sense, we can, with a high 
degree of confidence, attribute portions of a site’s debris problem to its various 
possible sources, whether land-based or marine-based.

· The regular inclusion of photographic evidence of the debris found at the site would be 
welcome from many points of view, not the least of which is the possibility of using 
photographs to estimate the volume of the containers found. 

· Finally, we can say, unequivocally, that the study design of the National Marine Debris 
Surveillance Program has worked, and has been especially successful when beach 
surveys could be done at regular intervals over at least 5 years, and when reliable data 
on wind conditions could be reported.

Final Remarks

The design of the NMDSP as a prospective study, over time, of Canada’s marine 
debris problem, has required a monumental commitment of time and energy over several 
years for all who have worked under this program.  With this report, it is hoped that the reader 
will agree that this effort has finally been rewarded with a wealth of objective, useful 
information concerning both Canada’s marine debris situation and effective ways to study this 
important issue.  It should also be clear that the necessary work here has only just begun.

Murray J.A. Besler
March, 2002
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APPENDICES



TRANSCRIPT OF LETTER, NOV. 18 ‘99 from Jane Whitten, Green Bay

“I am amazed still at how clean our beaches are on this strip - even with the lobstermen right 

there. I walked further down out of my survey area at the end of August - an area that had 

greater open ocean rather than the islands we have – still virtually nothing!!! In contrast,  we 

visited St. Mary's Bay at the beginning of the Bay of Fundy out on the Eastern side of Digby 

Reach - great cobble stone stretches but what a mess!!! lobster tags, ropes, nets, bottles...

At the end of September we went to Advocate Harbor (at the end of the Fundy) .. It's well 

known as the catchment for driftwood ... and of course the cracks in between the wood and 

on the shingle beach is covered in debris. I guess we are in a special spot - I wonder where 

our garbage goes.”
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