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ABSTRACT

From May to October of 1978 the size spectrum of particles from 2-100 nm diam-
eter in the near-surface waters of the middle and upper estuarine regions of the
Damariscotta River was investigated; plankton samples were subjected to Coulter
Counter and microscope examinations. Generally, more than 50't of the total par-
ticle volume was incorporated in particles smaller than 20 nm diameter  range =
35-87~! . Particles smaller than 10 nm constituted from 10-68'0 of total seston
volume. Particles larger than 40 pm were comparatively uncommon  numerically!
except in the upper estuary during a five-week period in July and August. During

were abundant. Large detrital complexes and "flake-like" particulates contri-
buted to the observed shift toward larger particles during this period.

Particle concentrations varied over the sampling period, but did not differ sub-
stantially between sites on an~ one sampling date. Total particle concentrations
ranged from a high of 5.2 x 10 ml in July to a Iow of 6.6 x 10" ml in Octo-
ber. A substantial, but temporary, decrease in particle concentrations also oc-
curred in early September.

Throughout the early summer, nanoplankton  <20 um! contributed generally more
than 504 to the total amount of chlorophyll present in near-surface waters, and
frequently constituted 90-I00't of this value. The majority of these cells were
3-5 nm diameter. In the upper estuary, large microalgae  predominantly dino-
flagellates! were important during middle and late summer. May and September
phytoplankton blooms were dominated by large cells  microalgae! at all sampling
locations.

Tidal variations in the above parameters were comparatively small during most of
the study period. In the upper estuary, however, chlorophyll fluctuations were
large during the period of high phytoplankton standing crop . These may have
been due to the action of tidal fronts in the river. Temperature and salinity
data for the near-surface waters of this estuary are presented.



I VI'RODUCT ION

In conj unction with studies conducted on the growth and survival of experi-
mentally-rafted mussels, Myti lus edulis, the size distribution of phytoplank-
ton and particulates in the near-surface waters of the Damariscotta River were
examined from May 10 to October 10, 1978. Salinity and water temperatures were
also measured. These studies were conducted to examine relationships between
potential food particles, environmental temperatures, and the survival and
growth of rafted mussels; these relationships will be the subject of other pub-
lications. It is the purpose of this report to provide information on �! the
distribution of total volume of material in the seston with respect to particle
si zes, �! total particle concentrations in near-surface waters, �! the rela-
tive contribution of different size fractions of phytoplankton to total summer
phytoplankton standing crop, and �! surface water temperatures and salinities
observed during these studies in a north-temperate estuary.

This information is provided for use by other investigators working on this river;
for future comparisons with similar studies on other Maine or New England estu-
aries; and for specific data on size relationships of phytoplankton and other com-
ponents of the seston, an area of general ecological investigation worldwide.

STUDY AREA

The Damariscotta River occupies a narrow, drowned valley along the central coast
of Maine, U.S.A. �0 35' W. Long., 43' 50' N. Lat.! . Most of its 29-km length
may be characterized as a Type 8  Pritchard, 1967! or partially mixed estuary,
with relatively low freshwater input and a tidal range of approximately 3 meters.
The morphometry, hydrology, sedimentology, and nutrient chemistry of this estuary
have been reviewed by McAlice �977!. At present, industrial, domestic, and agri-
cultural impacts are negligible and sedimentation rates are apparently low. The
seven sites for which data are presented are located at approximate 1.5-km inter-
vals 13-25 km from the open sea  Fig. 1! .

MATERIALS AND METHODS

Water samples were collected at each site at one-week intervals from May 10 to
October 10. A 4-liter whole-water sample was taken at each site from a depth of
0.5 m, and from this a 1-liter volume was filtered through a 200 1jm synthetic net
sieve and stored in an opaque plastic bottle held in an ambient-temperature water
bath. Surface water temperature and salinity were recorded at the time of each
collection, and the stage of tide was noted. Whenever possible, samples were col-
lected between 8 and 10 a.m., and processing began within 3 hours after collection.
Additional surface water temperature and salinity data were collected each week.
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FIGURE 1. Damariscotta River, showing locations of sample
sites 6-13. Lnset shows location of this river in the
Gulf of Maine, northwest Atlantic Ocean.
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The size, abundance, and nature of available particles in t e near-sur ace ~aters
 depth = 0.3 m! at each site were examined in three ways -   ! Tw hl ophyll
measuremcnts  Strickland and Parsons, 1968! were made from eac samp e. One
measurement was made of total chlorophyll using a 10 ml subsa pie, and a second
was made on particles which had passed through a 20 um mesh, the latter being de-
fined as nanoplankton in this study. No pressure or vacuum w s applied when fil-
tering water through the 20 Vm mesh. �! A qualitative and quantitative analysis
of particle size distribution from 2-SQ um was made using a Model A Coulter elec-
tronic particle counter  Coulter Electronics, Inc.! fit.ted with a 100 um aperture
 Sheldon and Parsons, l96y!. �! Slides were prepared for microscopic examination
of particles using a modification of the methods outlined by McNabb �960! and
Moore �963!. Steps two and three were completed within two days after collection.

Preparation of microscope slides differed from the procedures of McNabb �960! and
Moore �963! as follows: fifteen mi lliliters of fixed sample  McNabb, 1960! were
drawn into a 100-ml syringe with a 2 mm opening and discharged under hand pressure
through a 15 mm diameter triacetate membrane filter housed in a Gelman filter
holder. Twenty milliliters of 0,0>'t WAYFOS  Hunt Chemical Corporation, East Prov-
idence, Rhode Island! solution was then drawn into the syringe and similarly passed
through the filter. The second solution was necessary in order to remove the salts
which otherwise would have interfered with microscopic examination of the slide
 Moore, 1963!. The WAYFOS detergent was a helpful additive because it decreased
water surface tension so that the filter did not contain pools of water when the
filter holder was opened. Such pools tended to redistribute particulate material
on the surface of the filter. However, this detergent may have added to the diffi-
culty of getting the finished slide to cure properly.

Filters were examined by eye to determine relative uniformity of particle distri-
bution. If the material on the filter appeared to be evenly distributed, the fil-
ter was transferred to a clean microscope slide and the procedure of McNabb �960!
followed for enumeration of particles. Approximately 200-300 particles  usually
3 or 4 microscope fields! from each slide were counted and placed in categories
according to size  <10 um, 10-20 pm, >20 pm! and nature  living cell, non-living
cel.l, particulate! . These results were used to assist in the interpretation ot
results obtained by chlorophyll measurements and Coulter Counter. Results using
this technique were compared initially to results obtained using 20 ml settling
chambers and an inverted microscope  Utermohl, 1958! .

At first, more frequent monitoring of chlorophyll and particle size spectra was
done to test the adequacy of the longer  one week! sampling interval, Tidally-
induced variations in particle size spectra and concentration, chlorophyll con-
centration, and temperature and salinity were studied at each site.



RESULTS AND DISCUSSION

Te erature and Sali nit

Surface-water temperature and salinity data are summarized in Tables I and II.
The stage of tide at the time of each collection is listed in Table III. Mean
temperatures were estimated from these data and were used in the construction
of the temperature curves shown in Figure 2. Ranges of temperature due to tidal
and climatic effects are shown by range bars  Fig. 2!. Maximum observed surface
water temperature at these sites was 25'C at site I3.

Salinity varied from l4%.  May IO! to 32%,  August 23! at the uppermost site
 l3!, and from 28-32%, at site 6  mid-estuary! during this same period. Mean
monthly salinities and variations due to tidal and climatic effects at these two
sites are shown in Figure 3. Salinity measurements at the other sites in the es-
tuarine gradient ranged sequentially between those reported for site 6 and those
reported for site l3  see Table II!, Salinities increased gradually at all sites
throughout the early summer and remained greater than or equal to 28% from
mid-July through September. Temperature and salinity data obtained in this study
show trends and values similar to those reported in an earlier study by Incze et
BI. �978!

Data for total and nanoplankton  <20 Iim! chlorophyll a collected at the experi-
mental mussel raft  XMR! sites from May to October 1978 are shown in Figure 2.
I.'ithin the sampling period, three periods of peak chlorophyll values can be de-
fined:  I! a peak in June observed at all XMR sites; �! a late July-early August
peak confined primarily to the upper estuarine sites and characteri zed by dense

aa great deal of apparent variability at each site; and �! a late September bloom
of Aaterionella ~a onica, principally in the lower part of the experimental gra-
dient. A fourth  lower! peak observed in May was not defined at all sites, but
apparently extended along the full gradient.

In the May through September samples, nanoplankton contributed generally more than
50'4 to the total amount of chlorophyll present in near-surface waters, and fre-
quently constituted 90-l00% of this value. Microscopic examination indicated that
the majority of these cells were 3-5 pm diameter and far outnumbered the larger
ones. The dominance of these very small cells in the nanoplankton suggests that
the size criterion for distinguishing nanoplankton from larger microplankton should
be smaller than the 20 um size criteria employed in this study and in most pub-
lished studies to date.

Investigators in the past have used the term nanoplankton to refer to those algae
which were not retained as "net plankton." Hence, these have assumed a wide variety
of upper size limits: 65 pm  Yentsch and Ryther, I959!, 56 pro  Gilmartin, l964!,
22 Iim  Malone, 1971a, b, c, l977! and 20 Igm  Dussart, 1965; Durbin et al., 1975,
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FIGURE 2. Total chlorophyll  dotted line!, nanop lankton chlorophyll  solid
line!, and mean temperatures at the sample locations. Range bars indicate ~~
mum and minimum temperatures resulting from tidal and climatic e f fects
temperatures were estimated from data provided in Table I and from the stage of
the tide at the time of sample collection  Table III!
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FIGURE 3. Mean monthly salinities at sites 6 and 13, showing
ranges due to tidal and climatic effects  see text and Table
Il for details of these and other sites!.
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TABLE I .

SurfaCe ~ster tcmperattires  'C! at SiteS e-13  dep " = 0»!

�ay June July

12 16 19 24 30 6 13 2p z3 28 5 11 13 18 25

100 130 15 5 14.3

17,0

19.0

15.0 16.5 16.0 14.0 18,0

16,5 18,8 19.0 17.0 19.0
13.0 14.0 L?.0

14.0 ie,o 14.0

15,5 17.5 14,5

15.0 17.5 15.0

18.0 19.0 18.0

8 100 11 0 105 l?0 130 175
18.0 20.0

19.0 22.0

20,0 23.0

20,0 18.0 21,0

20.5 18.5 22.0

23.0 20.5 23.2

12,0 15.5 19.0
10 20.0l 3.5 le.0 2O.O

14.o l7.o 19.011 11.0 15.0 11,0 20.0
12 18.0 19.0 17,5 17 5 20.0

18.0 19,0 18,p 17.5 21.0

20. 0 24. 0 23.5 21 . 0 23. 5

20.5 23.5 24.0 21 . 0 23,0

13.0 l6.0 20.0

13 120 170 120 l30 16 0 205

October

26 4 10

September

LZ 19

August
Site 1 8 15 23 29

15.0 13.0

15.0 14.0

15 5 14,0

14.015.8

14.017.8

14.018,0
10 18. 4 16 . 0 l. 5 . 0 14. 5

19. 3 16.0 15.0 14.5

19,8 16.0 LS,O 15.0

19.2 16.0 15.5 15,0

11 20,0 2].O 24,0 22.8 18.9

12 21.0 23.0 24.0 22,8 19.0

13210230250220190

TABLE 11.

Surface water salinities  ppt! at sites 6-13  depth = 0.5 m!,

June Ju! y

13 18 2520 23 28 5 11

26.S 27-5 30,0 30.S 28,0 28,5 -~-- 30.0 31.0 30.0 32.0 32.0 31.5

8 24 5 280 ?50 240 275 285 300 265 260 --- � 29 0 30 0 30 0 31 5 31 0 31 5

30 0 30 0 31 5 30 5 31 0

29 . 0 28 .0 31 . 0 30 . 5 30 . 0

27,0 28.0 30.0 30,5 30.0

24,0 26.0 26.0 29. 0 25.0 26. 0 -- -- 27.5

28.0 23.0 25.0 -- � � 26.0

24.0 21,5 18.5 -- � - 25.5

22.0 26,0 25.0

21.0 22.0 24,0

0

11 18.0 23,0 24,0

23.0 19.0 20.0 25 . 0 24,0

22 . 0 16 .0 18 . 5 24, 0 24 . 0

21.0 23.5 22.0 26.5 26.5 30.5 28.5 30.0

26.0 27,5 28,0 28.0 29.5

12

13 14.0 18.0 19.0 21.0 23 0 20.0 I

Aug us t September October
Site 1 8 15 23 29 6 12 19 26 4 10

3Z.O 3O.O 32 0

30.0 3O 0 31 O

30.0 30.0 30.5

30,0 30,0 30.5

30.0 29. 0 30.5

30.0 29.5 30.0

30,0 29. S 30. S

29,0

29,0

29.0

28.010

28.0

29.012

30.0

15.5 15.5 18.5 19.0 16,0

18.0 18.5 20.5 L9.8 17.8

18 . 0 1 9 . 0 20. 5 21 .0 18 .0

19.0 ZO.S 23.0 21.5 18.5

May

Site 10 12 16 19 24 30 6 13

30.0 31,0 32,0 33.0 31.0

30.0 30.5 32.0 33.0 30.0

30.0 30.0 32.0 32.0 30,0

3O.O 30.0 32.0 32,0 30,0

29.0 30 0 31 5 32.0 30.0

29.0 28.0 32.0 32,0 30.0

29, 0 28. 0 32. 0 32. 0 30. 0

12.4 11.8

13,0 11.8

13,0 11.8

13.5 11,8

13,5 11.0

13,5 11.2

13.0 11,2



TABLE II I .

Stage of tide at time of temperature/salinity measurements and
collection of water samples for determination of chlorophyll
concentrations, particle concentrations, and particle size
spectra. Stages of tide  I/O, I/2, 3/4! are indicated with
respect to MHW.

Sep 6
12
19
26

MHW

3/4; ebbing
I/2; flooding
MHW

3/4; f 1ooding
MHW

Oct 4

10

present study!. The abundance of phytoplankton less than 10 um in diameter  espe-
cially from 3-5 ym! and the relative dearth of phytoplankton between 10-20 um
 present study and McCarthy et al., 1974! suggest that a more functional division
might be at 10, 12, or 15 pm. The finding of McCarthy et al. �974! that a large
percentage of naked dinoflagellates passed unharmed through sieves considerably
smaller than the phytoplankton cells provides further justification f' or this
change. In this study "nanoplankton" chlorophyll increased in the upper estuary
during the dinoflagellate blooms, yet microscopic examination of the plankton did
not indicate such an increase in smaller cells  Incze, 1979! .

Since the original data were not collected with this specific issue in mind, the
question of some enhancement of nanoylankton cell numbers remains open. Never-
theless, the magnitude of' the increase in nanoplankton chlorophyll measurements
in the upper estuary during the summer months suggests that the naked Gymnodin-
ium-like dinoflagellate encountered in these studios also passed through the sieve,
thus biasing the nanoplankton chlorophyll measurements during the dinoflagellate
blooms.

May 10
12
16
19
24
30

Jun 6
13
20
23
28

Jul 5
Il
13
18
25

MLW
MLW

3/4; ebbing
MHW
MHW

I/2; ebbing

I/2; flooding
I/2; ebbing
3/4; flooding
MHW

3/4; ebbing

I/4; flooding
I/4; ebbing
I/4; flooding
3/4; flooding
I/2; ebbing

Aug 1
8

15
23
29

3/4; ebb in g
I/4; flooding
I/2; ebbing
I/2; ebbing
3/4; flooding



The high nanoplankton chlorophyll concentration  relative to total chlorophyll!
downriver of site 9 and the high productivity of these small cells reported by
other investigators* indicates that this size fraction is extremely important in
the primary production of these northern coastal waters  notwithstanding the dom-
inance of larger cells during peak chlorophyll production periods!. Its greatest
importance may be in providing a basal phytoplankton standing crop. The impor-
tance of nanoplankton to primary production in other northeast United States es-
tuaries has been examined by McCarthy et al. �974, Chesapeake Bay!. and Durbin
et al. �975, Narragansett Bay! .

In the upper estuary of the Damariscotta River, large microalgae were important
during middle summer. The May and September blooms were dominated by microalgae
at all sites.

ParticIe es, Concentrations, Size S ectra, and Volume Distributions

Considerable interest has developed during the past fifteen years in the size
spectrum and nature of available particles in natural waters  Parsons and Strick-
land, 1962; Parsons, 1963; Riley, 1963; Mullin, 1965; Sheldon et al ., 1967 and
1972; Nemoto and Ishikawa, 1969; Gordon, 1970; Zeitschel, 1970; Gieskes, 1972;
Eisma and Gieskes, 1977; Lenz, 1977! and in the ecological significance of this
size diversity  Brooks and Dodson, 1965; Hall et al., 1976; Lehman, 1976; Poulet,
1976!. Aside from identifiable fragments  diatom frustules, spicules, loricae,
etc.! which were comparatively rare and are not considered in this paper, types
of particulate material encountered in this investigation conformed in appearance
and range of sizes to those described by Gordon �970!, namely: unidentifiable
particulates  less than 10 um!; flakes  generally greater than 10 um!; fragments
 of a variety of sizes!; and loosely-connected aggregates �-500 um!.** Uniden-
tified particulates were the most numerous of all particles and were common to
all samples; aggregates were common to nearly all samples, but were numerically
much less common than the smaller particles. These two particle types were ex-
tremely important components of the small and large size-fractions of the seston,
respectively, comprising 50% or more of the total particle counts in most samples.

The striking similarity of the aggregates encountered in this study to those de-
scribed by Riley �963! and Gordon �970! suggests that they existed as true ag-
gregates in the water column and did not result from superimposition on the fil-
ters during preparation of the microscope slides. This was confirmed by the use

* See McCarthy et al ., 1974 for review.

*Primarily 5-100 um in this study. Filtering through the 200 pm mesh was ap-
parently not responsible for this size range being smaller than that reported
by Gordon �970!: subsequent studies using settling chambers and no pre-filter
also showed few aggregates larger than 100 vm  Incze and Yentsch, unpubl .! .



Total particle concentrations in near-surface waters  depth
determined by Coultcr Counter analysis.

0.5 m!

Total particle Concen-
tration  number of
~artie.les er ml!

t'otal Particle Concen-
tration  number of
part cl c 1!Oate

Jun 13

Site SiteI!;etc

bcp 124.4 X los
4.e x 10'

13
10
6 4.6 X los

4 5 X 10s
4.4 X los
4.6 X los

Jul 5 13

10 6

Jul 11 Scp 19

S.2 X 10s
4.4 X 10'
5.0 X 105

Jul 18 13
12
11

Sep 26
4.3 X los
4.4 x 10s
3.2 X 10s

Aug 1 13
10
e

Aug

Oct 4

Aug 29

Sep 6 Oct 10

-10-

13
10

8
6

13
10

9
e

13
12
10

8

13
11

10 9 8
6

4.7 X 10
4.3 X 10
4.0 X 10
3.2 X 10

3.0 X 10s
2.7 X 10s
2 5 x lo'
2.1 X 10s

38X105
2.3 X 10
2.8 X los
2 1 X 10s
2.0 X 10

1.4 X 105
1.0 x 10'
1.7 X 10'
1.4 X los
1.S X los
1.6 X los

13
12
11
10

9

8 6

13
12
ll

10 9 8 6
13
12
11

10 9 8
6

13
12
11

10 9 8

13
12
11

10 9 8
6

4.3

4.6
4.7
3.2
2.5
3,1

2.0
2.0
2.4
2.6
5.4
3.5
2.6

2.5
2.0
2.6
2.7
2.0
1.5
9.0

1.2
1.5
1.7
2.0
1.2
1.9
6.6

7.5
7.5
1 6
1.9
1.9
2.1
1.6

10s
10'
10'
10'
los
10'
10'

10'
10
10'
10'
los
10s
10

X 10
X 10'
X los
X 10'
X 10s
X 10s
X 104

10s
los
10
10s
10s
10'
104

X 10
X 104
X 10'
X 10
x lo'
X 10'
x 10s



of settling chambers  Utermoh1, 1958! during studies on thi s estuary in 1979
 lncze and Ycntsch, unpubl.! . Ri ley �963!, 8«rber �966!, and Batoosingh et al .
�969! have shown how these complexes may be formed under laboratory conditions,
and Riley �963! ~ Riley et a2. �964, 1965!, K«nc �967!, and GorJon   1970! have
documented their abundance in natural seawater, particularly near the surface.
Aggregates in this study appeared to contain morc nanoplankton cells than the
surrounding ficlJ, an observ«t ion made also by Riley   1963! . 1 t is not known
whether this rcsultcJ from "scavenging" or from a morc nutritive microenvironment
assoc'«ted w>th the «ggrev.«tes,

1'he distribution of total particle volume with respect to particle sizes through-
out most of this study indicated that, generally, more than 50% of the total
particle volume was incorporated in particles smaller than 20 um diameter  Range

35-87~; see Appendix!. Particles smaller than 10 um constituted from 10-684
of total seston volume. During most of the study period, the size-distribution
and concentrat ion of particles  and thus the distribution of seston volume! did
not change significantly. llowcver, from July 18 through August 29 in the upper
estuary  sites 10- 13!, particles greater than 20 um increased dramatically, and
the effect of this increase on thc distribution of total particle volume was pro-
nounced  Appendix!. Thc shift to larger particles appeared to be due to both
living dinoflagcllates and to an increase in particulate material resembling the
"organic aggregates" «nd, to a lesser extent, the "flake-like particles" described
by Gordon �970! .

Particle concentrations  Table IV! remained at approximately 4.4-5.2 x 105 ml-1
from .lune through July at al 1 sites, but decreased gradually in August and early
September to less than half this concentration, Monitoring of particle concen-
trations through a ful 1 tidal cycle in early September confirmed that this de-
crease occurred throughout the middle and upper estuary. Particle concentrations
returned to higher levels in late September but remained generally below summer
seasonal values. Unfortunately' the data collected did not permit determination
of total scston concentration  ppm! at all sites throughout the study, data which
would bc useful for comparison with the results of other investigators  see Zeitz-
schcl, 1 970!. Microscope examinations indicated, however, that the increase in
particle sizes compensated for the Jecrease in total particle numbers, at least
through August, so that total seston volume did not decrease from early summer
values. The shift toward larger particles and particles of different nature, ho«-
ever, may bc ecologically si gni ficant for some consumers  Inc re, 1979; lncze et
a2 ., 1980!. Mid-July �979! seston concentrations in this estuary  ~/~ tide,
ebbing! werc 10-11 mg/1 between sites ll and 12  just downri ver of the Damari-
scotta-Newcastle bridge, pig. 1!; 10 mg/1 at site 10; and 8-10 mg/1 mid-channel
off Wentworth Point at si te 6.

Tidal Variations

Tidally-induced variations in chlorophyll concentrat ion, particle concentration,
relative contribution of nanoplankton to total chlorophyll, and particle size
distribution were comparatively minor during most of the study period . During the
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tidal variation studies, data collected for each site at half tide  either flooding
or ebbing! generally yielded values which were approximate means of the observed
tidal variations of the above parameters  Incze, 1979!. However, during the period
of high phytoplankton standing crop  July 15-August 15! in the upper region of the
estuary  sites 10-13!, chlorophyll values varied widely, apparently as a result of
tidal movements. A marine frontal zone created by the contiguity of well-stratified
waters  upriver! with well-mixed waters  downriver! and an associated patch of
dinoflagellates has been postulated  Incze, 1979! to account for the abrupt change
in phytoplankton standing crop in this region of the river and the dominance of dino-
flagellates, a phenomenon observed in an earlier study by Yentsch et al . �977! .
The comparative stability of the stratified waters appears to be due to thermal and
salinity-induced effects, the relative importance of the two factors varying over
the course of the summer  McAiice, 1977; lncze, 1979!. The apparent variability in
phytoplankton standing crop at sites 10-13 during this period may be caused by tidal
migrations of the frontal zone and associated phytoplankton patch es!, or by tidally-
induced variations in the stability of the water column in this region, which would
affect the degree to which the dinoflagellates became concentrated near the surface
in such well-defined zones.  The results of subsequent studies on this system, con-
ducted by L. Incze and C.M. Yentsch, are in preparation.! Tidal variations in parti-
cle volume distributions were not studied in this region of the estuary during the
period of high phytoplankton standing crop.
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Rt..[,AT[V[. 'VO[. Jhtf 5 OF h[AT['.R1AL PR[',St'.N'I' lN t!l f'f!f'.Rf h[I 5[7}-;
RANG['.5 OF f'ART[Ct,f'.S [N t'ftt." 1!Ah[ARlSCOTTA R[V[-;[<, 1:XI'Rt'.SS['.t!
AS A f't.'RC[.'N'I'AG[: Of' 1%!TA[. St;S'[UN VO . [hit'. htf;ASUR[ f! f' OR RAR-
'[ [ :Lf:.5 Of: 2-10 ! pm Sf'[[i-:Rf 'At. f'Qtf VA[.t N'I' 0  Ah9- 1't;'R

SiteSize
~Cate aries 1013

Jun 13

Jun 20

Jun 28

-13-

2- 5 !!m
5-10

10-20
20-40

sS
xlo
szo
s40
>40

2- 5
5-10

10-20
20-40

sS
sl0
s20
s40
>40

2- 5
5-10

10-20
20-40

sS
sl0
s20
s40
>40

3,4
6.9

48. 7
21.5

10. 3
59,0
80,5
19.5

16.2
29.7
31.9
11.2

16.2
45.9
77.8
89.0
11 .0

38.6
20.8
21.9

6.7

38.6
59.4
81.3
88.0
12.0

6.6
6.b

4S.2
17.6

13. 2
58.4
76.0
24.0

27.2
24.4
2S.6
11.9

27.2
51.6
77. 2
89. 1
10.9

11,6
16.4
35.9
21.5

11,6
28.0
63.9
85.4
14.6

4.1
18.3
44.6
15.2

4.1
22.4
67.0
82.2
17.8

26.1
33.1
22.9

7.9

26. 1

82.1
90.0
10.0

16.5
18.4
30.6
16.6

16. 5
34.9
65.5
82.1
17.9

61.8
7.1

15.9
1.3

61.8
68.9
84.8
86.1
13.9

12,2
17.8
36.1
24.2

12.2
30. 0
66,1
90. 3

9.7

11 .0
14.5
39. 2
18.6

11 .0
25.5
64. 7
83. 3
16 7

42.4
4.8

25.3
9.6

42.4
47.2
72.5
82.1
17.9

~3 1

19.7
26.0
17.7

23.1
42.8
68.8
86.5
13.5

41 .6
7,0

17.8
13.0

41 .6
48.6
66.4
79.4
20.6



Site

12 10

22.5
15.9
19.6
16.2

22.7
8.9

37.8
9.3

32.6
14.7
20.5
18.2

13. 6
11.3
33.1
26.1

21.8
14.8
22.4
20.6

25.9
8.9

27.5
23.1

17.5
17.2
33.5
22.4

18.2
18.4
29.9
23.3

31. 7
12. I
27.1
22.9

25.8
11.7
30.0
23.3

19.4
18.5
28.2
24. 0

39.2
15.8
22.1

9.3

7.5
9.8

31. 8
38.9

2- 5
5-10

10-20
20-40

2- 5
5-10

10-20
20-40

14.1
7.2

15.2
27.6

28.9
4.8

15.9
25.1

24.7
8.3

14.1
29.3

28.4
25.4
23.4
17.3

28.6

28,6
24. 7
13. 8

27.9

28.8
25.8
10.7

21.9

25.5
26. 7
17.9

<10

s20
<40
>40

15.2
14.2

24.0
35.6

23. 0
20.1

27.3
17.4

15.6
II.I
21.1
36. 5

11.9
15.2
19.6
22.6

18. 0
25.3
29.9
15.0

21.5
24.8
36.1
13.4

14.9
21 .I

33.4
20.8

-14-

Si ze
Cate orgies

JUI 5

2- 5 pm
5-10

10-20
20-40

sS
<10
<20

C40
>40

JUI 11

<5
<10
<20
<40
>40

JUI IS

JUI 25

2- 5
5-10

10-20
20-40

<5
<10
<20
<40
>40

22.7
31.6
69.4
78.7
21.3

31. 7
43. 8
70.9
93. 8

6.2

28.9
33. 7
49. 6
74. 7
25.3

15.2
29.4
53.4
89.0
11.0

32.6
47. 3
67. 8
86.0
14.0

25. 8
37.5
67.5
90.8

9.2

24. 7
33. 0
47.1
76.4
23. 6

15. 6
26. 7
47. 8
84. 3
15.8

25.9
34.8
62.3
85.4
14.6

17.5
34. 7
68.2
90.6

9.4

14.1
21.3
36. 5
64.1
35. 9

23.0
43.1
70.4
87. 8
12.2

13. 6
24.9
58.0
84.1
15.9

19.4
37. 9
66.1
90.1

9.9

28.4
53.8
77.2
94.5

5.4

11. 9
27.1
46.7

69.3
30.7

21.8
36. 6
59.0
79.6
20.4

39.2
55. 0

77.1
86.4
13.6

28.6
57.2
81.9
95.7

4.3

18.0
43.3
73.2

88.2
11.8

22.5
38.4
58.0
74.2
25.8

IS.2
36. 6
66.5
89.8
10.2

21 .9
47.4
74.1
92.0

S.p

14.9
36. 0
69.4
90.2

9.8

27.7
ll .7
20.8
21 .7

27.7
39.4
60. 2
81.9
18.1

7.5
17. 3

49.1
SS.P
12.0

27.9
56.7
S2.5
93. 2

6.8

21.5
46.3
82.4
95. 8

4.2



Site

13 12
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Si ze
Categories

~Au I
2- 5 Ijm
5-10

10-20
20-40

s5
sip
s20
<40
�0

~Au 8
2- 5
5-10

10-20
20-40

<5

<1,0
s20
s40
�0

2- 5
5-10

10-20
20-40

sS
sip
<20
<40
�0

2- 5
5-10

1.0-20
20-40

<5
<10
s20
<40
�0

11.8
9.5

13.7
27.5

11.8
21. 3
35. 0
62.5
37.5

19.8
10.9
11.9
11.9

19.8
30.7
42.6
54.5
45.5

29. 9
16.4
17. 7
23.1

29.9
46.3
64.0
87.1
12. 9

45.0
10.6
13.4
21. 1

45.0
55.6
69.0
90.1

9.9

15. 7
II . 7
12.0
23. 3

15. 7
27.4
39.4
62.7
37.3

14.0
9.7

14.3
19.5

14.0
23. 7
38.0
57. 5
42.5

26.5
13. 6
13.0
14.6

26.5
40. 1.
53. I
67.7
32. 3

28.4
10.1
Ij..p
17. 3

28.4
38.5
49. 5
66.8

33.2

12. 8
9.2

16.8
29.6

12.8
22.0
38. 8
68.4
31.6

18.0
16.9
19.4
22. 3

18.0
34.9
54. 3
76.6
23.4

37.1
23. 8
16.3
10.0

37. I
60. 9
77.2
87.2
12.8

41.. 4

17.5
14.6
ll .8

41.4
58.9
73. 5
85. 3
14. 7

17. 3
16.8
27.1
28.3

17. 3
34. I
61.2
89.5
10.5

12. 3
13.1
16.0
20.7

12.3
25.4
41.4

62.1
37.9

28.5
28.5
20.5
13.5

28. 5
57.0
77.5
91.0

9.0

29.9
21.3
21.7
15.6

29.9
51.2
72.9
88.5
11.5

22.8
19.3

24.7
18.1

22.8
42.1
66.8
84.9
15.1

20.9
24. 9
27. 5
17.8

20.9
45.8
73.3
91.1

8.9

21.5
26.2
26.8
14.1

21.5
47.7
74. 5
88. 6
11.4

37.3
24.3
19.9
11 .5

37.3
61.6
81. 5
93. 0

7.0

27.3
11.5
33.6
26.0

27. 3
38.8
72.4

98.4
1.6

18.5
20.2
28.6
26.6

18.5
38.7
67.3
93.9

6.1

27.4
33. 6
26.0

7.9

27.4
61. 0
87.0
94.9

5.1

35.9
27.0
21.9
11.4

35. 9
62.9
84. 8
96. 2

7.8

26.1
13. 9
25.4
28.1

26.1
40.0
65.4
93.5

6.5

28,7
24. 5
21. 8
16. 7

28. 7
53.2
75.0
91. 7

8.3

21.2
29. 3
32.5
11.2

21.2
50.5
83. 0
94.2

5.8

29.3
20.1
24.6
14.8

29. 3
49. 4
74. 0
88.8
11.2



Site
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Si ze
Cate ories

2- 5 pm
5-10

10-20
20-40

sS
slo
s20
s40
>40

~Se 6
2- 5
5-10

10-20
20-40

sS
slo
s20
s40
>40

2- 5
5-10

10-20
20-40

s5
slo
s2D
s40
>40

2- 5
5-1D

10-20
20-40

s5
sl 0
s20

s40
>40

18.3
8.4

18. 9
38.1

18.3
26.7
45.6
83,7
l6. 3

20. 9
16.5
27. 0
21.6

20. 9
37.4
64.4
86.0
14.0

33. 9
11.9
24.5

23.9

33. 9
45.8
70. 3
94.2

5.8

2]..6
16. 2
24.1
23. 5

21.6
37.8
61.9
85.4
14.6

27. 5
13.1
16.2
24.1

27.5
40. 6
56,8
80.9
l9.1

23. 3
7 9

16. 7
30.6

23. 3
31. 2
47. 9
78.5
21.5

19. 9
8.5

16.9
37.5

19.9
28.4
45.3
82.8
17.2

17.7
16.1
31.9
29.1

17.7
33.8
65. 7
94.8

5.2

33. 6
25. 7
23. 9
12.9

33. 6
59. 3
83.2
96.1

3.9

17. 5
15.9
28.4
28.3

17.5
33.4
61.8
90.1

9.9

23.3
16.0
21 .2
2l.3

23. 3
39. 3
60.5
81.8
18.2

8,0
1.0.4
30. 7
37.5

8.0
18,4
49.1
86.6
13. 4

28.1
16.6
24.5
zo.e

28. 1
44.7
69.2
89.8
10. 2

18. 4
19. 3
26.2
25.4

18.4
37. 7
63. 9
89. 3
10. 7

11.5
15.2
36.8
25.7

11.5
26.7
63.5
89.2
10. 8

23. 2
22.9
28.0
16.6

23. 2
46.1
74.1
90.7

9.3

67.5
8.2

11.2
6.4

67.5
75.7
86.9
93.3

6.7

21 .5
18.6
27.4
18,3

21.5
40. l
67,5
85. 8
14.2

23.4
18.8
29.1
23.2

23.4
42.2
71. 3
94. 5

5.5

20.4
17.4
23.8
17.5

20.4
37.8
61 .6
79.1
20.9

39.1
13.2
26. 2
15.0

39.1
52. 3
78.5
93. 5

6.5

24. 3
16.6
23.1
18.8

24. 3
40.9
64.0
82.8
17. 2

48.5
15. 2
21. 3
13.6

48.5
63.7
85.0
98.6

1.4

42. 7
15.7
20.2
19.3

42.7
S8.4
78.6
97.9

2.1

48.6
8.4

12.7
13.1

48. 6
57. 0
69.7
82.8
17. 2



Site

IP12

24.4
13.4
30.7
20. 3

34.4
21 .9
24.1
12,4

47. 7
9.2

14.3

18.6

14.2
14.6
34. 3

26,8

49.2
8.5

16.8
17.6

16.2
18.2
37.7

19.6

26.1
16.6
22.1
16. 6

19. 7
21. 9
25.7
21. 9

23.6
14. 3
27. 8
29. 6

18. 7
23. 3
31.9
21.6

28. 2
12.2
24.2
27.4

18.1
17.5
26.9
25. 2

20. 7
12.4
30.2
29.2

<IQ
s2Q
s40
>40

27.8
6.5

15.6
32.7

30. 4
16.3
27.5
21.1

56.1
13.7
11.4
11.8

2- 5
5-10

10-20
20-40

25.5
7.1

19.0
36. 0

47. 7

10.4
20.1
23.0

48. 7
11.2
14.8
25.0

42.2
I0.5
11. 7
16.1

47.7
58.1
78.2

100.0

-17-

Size
Cate ories

2- 5 pm
5-10

10-20

20-40

s5
<10

s20
<4Q
>4Q

Oct 4

2- 5
5-1P

10-20
20-40

Oct 10

55
alp
s20
s40
>40

49. 2
57. 7
74.5
92.1

7.9

23.6
37. 9

65.7
95.3

4.7

27.8
34. 3
49. 9
82.6
17.4

47. 7
56.9
71.2
89.8
10. 2

26.1
42.7
64.8
81.4
18.6

25.5
32.6
51.6
87.6
12.4

34.4
56.3
80.4
92.8

7.2

18.7
42.0
73.9
95.5

4.5

30. 4
46.7
74.2
95. 3

4.7

24.4
37.8
68.5
88.8
11.2

19.7
41 .6
67.3
89.2
10.8

16. 2
34.4
72.1
91. 7

8.3

20.7
33.1
63. 3
92.5

7.5

56. 1.
69. 8
81.2
93.0

7.0

14.2
28.8
63.1
89.9
10. I

18.1
35. 6
62.5
87.7
12. 3

48.7
59.9
74. 7
99. 7

.3

14.1
12.4
30. 5

29. 6

14.1
26.5
57.0
86.6
13.4

28.2
40.4
64.6
92.0

8.0

42.2
52.7
64.4
80.5
19. 5
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