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ABSTRACT-

Thé hypothesis that spatial distributions of phytoplankton
4stand1ng crop and photosynthetic capacity in Westhampton Lake are
homogeneous was tested. Distributions were analyzed with respect to
horizontal and vertical planes separately and combined. The study
was divided into three time periods: 1) late summer stratification,
2) early fall mixing, and 3) fall turnover,lbased on isothermal lines
of the lake at the deepest station. Phytoplankton standing crop waé
measured by spectrophotometric and fluorometric methods. The photo-
synthetic capacity was measured fluorometrically.

Combined horizontal and vertical spatial distribution of standing
crop was clumped for the entire lake and during each time period. Most
é]umping was vertical rather than horizontal. Vertical clumping was
not éxhibited at all stations and was not consistent for the stations
for each time period. Vertical clumping was most evident at the deep-
est station for the first two periods. Horizontal distribution was
random for each of the three beriods when each of the nine stations
was analyzed separately. Standing crop was significantly greater at
the downlake transect than the other two transects during each of the
first twovperiods.

The combined horizontal and vertical spatial distribution of
photosynthetic capacity was random for the entire lake and during
the last two periods. Horizontal distributions for both periods were
random. Vertical distributions were random, except for the deepest

station which was clumped during early fall mixing.
The standing crop was a poor index of photosynthetic capacity

as indicated by low coefficients of correlation.



INTRODUCTION

| Spatial distribution of organisms may be random, homogeneous,
or clumped (Smith, 1974). In a random distribution, the position
of each individual is independent of the others; in a homogeneous
distribution, individuals are evenly positioned; and in a clumped
distribution, individuals are aggregated.” The most common distri-
bution is clumped, then homogeneous. Random distributions rarely
occur (Smith, 1974).

Limnologists often assume that the surface mixed layer of lakes
is homogeneous (Hutthinsoﬁ, 1961), and that the horizontal varia-
tions in phytoplankton standing crop and productivity are minor
(Wetzel, 1975). Exceptions are large lakes with strong gradients
and sharp discontinuities resulting from complex basins and land
drainage regions (Glooschenko, et al., 1974, and Hecky and Kling,
1981) and small 1§kes with well developed littoral zones (Wetzel,
1975) in which phytoplankton are clumped. In certain small lakes
without such obvious gradients and discontinuities, phytoplankton
are also clumped (Richards and Happey-Wood, 1979).

-Lakes that are vertically stratified, e.g., temperate lakes in
the summer, frequently have phytoplankton populations that are
clumped vertically (Berman, 19723 and Reynolds, 1976). In unstrati-
fied lakes, vertical distribution of phytop]ankton ranges from
clumped (Moss, 1972) to homogeneous (Brooks and Torke, 1977; and
Moss, 1972).  The vertical distribution varies with the mixing con-

ditions and is species specific (Moss, 1972).



Few studies have examined simultaneously horizontal and verti-
cal distributions of phytoplankton in small eutrophic lakes. Those
that have were lTimited to the period of summer stratification and
distributions were clumped in both planes (George and Heaney, 1978;
and Harris and Smith, 1977).

The present study examined horizontal and vertical spatial dis-
tributions 6f phytoplankton in a small lake for each of}the time
periods: late summer stratification, early fall mixing, and fall

turnover. The lake had no obvious‘horizontal gradients or discon-
tinuities. The hypothesis tested is that the.phytoplankton had

homogeneous distributions regardless of the state of mixing.



MATERIALS AND METHODS

The study was conducted in Westhampton Lake, Richmond, Virginia.
The 1ake is eutrophic and dimictic with a surface area of 51,400 m?
and a volume of 145,000 ms. It is approximately 525 m lbng, with mean
and maximum depths of 2.5 and 6 m, respectively.

Lake properties were measured at half meter 1nterVa]s of depth
from the surface to the bottom at three stations along three tran-
sects (Fig. 1) between September 23 and December 4, 1980. MWater
samb]es for estimates of phytoplankton standing crop and photosyn-
thetic capacity were collected from a boat with a garden hoée con-
nected to a pump (Teel) powered by a generator (Sears 1400 watt).
The samples were taken after the hose was at the collection site for
8 sec (time required to clear water from previous site). They were
placed in labeled 200 ml clean glass jars and réturned to the lab-
oratory.

,Concentrations of dissolved oxygen and water temperatures were
measured directly from the lake with an oxygen meter (YSI Model 54).
The oxygen meter was calibrated each date according to the instruc-
tions (Yellow Springs Instrument Co., 1968). The thermistor was
calibrated once against a mercury thermometer (VHR Scfentific Inc.).
Both registered 09 C in ice water and the same values between 09 and
30° c.

Phytoplankton standing crop was estimated by two methods: 1)
fluorometry and 2) spectrophotometry. Fluorometry was measured ac-

cording to method of Lorenzen (1966). A water sample of 5 ml was



put in a clean glass cuvette which was placed in a fluorometer

~ (Turner Model 111 modified for in vivo chlorophyll measurements).

The primary and secondary filters in the fluorometer corrected for
turbidity (Turner Associates, 1975). It was felt, however, that

the effect of turbidity on chlorophyll a fluorescence should be ex-
amined because the range of tdrbidity in the lake was great. Five

ml of a water sample with an actual turbidity of 25 JTU and a fluo-

- rescence of 39 were used. The turbidity was increased roughly by

fnterva]S'of 5 JTU up to 80 JTU and the fluorescence readings re-
mained at 39. This showed that chlorophyll a fluorescence was not
affected by turbidity. The fluorometric method did not distinguish
pheopigment from chlorophyll a.

For the spectrophotometric method a water sample of 200 ml was
fi]terea onto a 5.5 cm glass microfiber filter (Whatman GF/C). A
small amount of MgCO3 was added using six filter holders (Millipore
Pyrex) and a vacuum pump (Welch Duo-Seal Model 1400). The filters

were folded and placed in labeled support pads (Millipore MF) and

stored in a refrigerated desiccator at 100 c.

'The filters were trinmed and ground in a tissue grinder (Tef-
Ton) run by a motor (Eberbach Con-Torque). They were extracted with
90% acetone and 10% water. The extract was transferred to a 15 ml
centrifuge fube and brought to a final volume of 10 ml with 90%
acetone, Tﬁe tubes were covered with Parafilm and p]acéd in the
refrigerator overnight to allow for maximum extraction; they were

centrifuged the next day. The supernatant'was transferred to 1 cm -



cuvettes and the absorbance was read on a spectrophotometer (Bausch
and Lomb Spectronic 70) at 665 and 750 my. Two drops of 1 N HCL

were added and read again at 665 and 750 mu. These readings were

entered into Lorenzen's equations and yielded estimates of chloro-

phy1l a and pheopigment. This technique corrected for.turbidity

and pheopigment and did not measure any other chlorophylls (Lorenzen,
1967).
‘ Photosynthetié capacity was measured by tﬁe method of Samuel-
sson et al. (1977). By this method the photosynthetic capacity was
estimated by fluorescence increase after 3—(3,4—dichlorophenyl)
—1,1—dimethyl urea was added to the samples. This herbitide'in—
hibits photosynthesis by stopping electron transport which results
in chlorophyll fluorescence reaching maximhm.» Thevsame 5 ml of
samples previously used in the fluorometer were qhangéd to another
clean glass cuvette and one drop of herbicide was added to make a
final concentration of 10™°M. The fluorescence was read again

after the dial stopped increasing or at Teast 15 sec 1qter. The

15 sec interval was adequate for detecting minor fluorescence
changes.

The turbidity of the top four depths at each of the nine sta-
tions was measurcd on a turbidometer (llach Portable Water Engineer's
Laboratory Model DR-EL).

Contour maps of lake properties were broduced by the computer
program SYMAP (Dougenik, et al., 1977). The variance to mean ratio

method (Cox, 1980) was used to test the extent to which the spatial



Contour maps of lake properfies were produced by the computer

program SYMAP (Dougenik, et al., 1977). The variance to mean ratio

method (Cox, 1980) was used to test the extent to which the spatial
distributions of standing crop and photosynthetic capacity in the

lake were homogeneous. Analyses of variance (ANOVA) and Scheffe

mu]tip]e'range tests were done by the computer program SPSS (Nie,

et al., 1975). They were used to test the relation of the measured
Take properties with the transects, stations, and depths. The .05

level of significance was used in all statistical tests.



RESULTS

Isothermal lines of the lake at the middle (deepest) station
at the downlake transect'during the study are shown in Fig., 2. From
September 23 to October 2, the lake was strongly Stratifiéd. Sur-
face temperatures ranged from 20° C and above compared to the bot-
tom temperatures of less than 159 C. AFrom October 7 to October 23,
the lake was partially strafified. Sufface temperatures were 150 C
and above compared with bottom temperatures of less than 159 C.  From
October 30 to December 4,'the lake was unstratified. VThese tempera-
ture profiles of the lake were used to separate the study into three
time periods: 1) late summer stratification, 2) early fall mixing
" (partial mixing), and 3) fall turnover.

Three distinct layers, 10-15, 15-20, and 20-25° C, existed dur-
ing iate summer stratification (Fig. 3). de 1ajérs,'10-15 and 15-
200 C, existed during early fall mixing (Fig. 4). During fall turn-
over the lake was relatively isothermal from the surface to the bot-
’fom (Fig. 5).

Lake temperatures varied significantly with'depth during late
summer stratificatﬁon and early fall mixing, but did not vary hori-
zontally (Tables 1 and 2). Lake temperatures did not vary signifi-
~cantly horizontally or vertically in fall turnover (Table 3).

The lake was stratified with respect to the concentrations of
dissolved oxygen throughout most of the study (Fig. 6). From Sep-
tember 23 to October 23 the concentrations were greater than 5 PPM

at 3 m depth and above and less than 5 PP below 3 m. From October



30 to November 14 the cbncentrations were greater than 5 PPM at
most depths. From November 25 to December 4 concentrations were
greater than 10 PPM at most depths.

Concentrétions of dissolved oxygen for the lake varied signif-
icantly with depth during all three time periods (Tables 4, 5, and
6); During the early fall mixing period dissolved oxygen concen-
-frations were significantly related to the transect alone and the

interaction of transect and depth (Table 5).

Standing Crop

The two measures of standing crop, f]ubrometric and spectro-
photometric readings of chlorophyll a were significantly correlated
(Tables 7 and 8). F]uorometric measurements were also Signifi—
cantly correlated with spectrophotometric readings of pheopigment
(Tables 7 and 8). As fluorometric measurements included pheopig-
ment and chlorophyll a, they were considered a less valid index of
standing crop. Therefore, only spectrophotometer readings of chlor-
ophyll a were used as an index of standing crop. Concentrations of
chlorophyll a for each of the three time periods were analyzed with
respect to norizontal and vertical spatial distributior.

Period One. Late'Summer Stratification

Combined horizontal and vertical spafia] distribution of chloro-

 phyll a was clumped for the entire lake (Table 9).’ Horizontal dis-

tribution of each of the nine stations was random. Vertical distri-

bution was clumped for all stations at the downlake transect and the



west station‘of the middle transect (Table 10). Vertical distribu-
tion was‘random for all other stations. |
‘ At the downlake transect chlorophyll a had strong vertical
stratification (Fig. 7). The densest concentrations (= 60 mg/m3)
Were at the middTe station at depths of 0.5, 3.5 to 4, and 6 m, The
1owést concentrations (< 20 mg/m3) were at middle depths, 2 to 3 m,
on the west side and middle station. At the middle transect chloro-
phy1l a was less vertically stratified (Fig. 8). Lower concentra-
tions‘(=: 20 mg/m3) were at depths around 2.5 m along this transect.
Concentrations at the uplake transect were almost uniform with Tower
ones (=< 20 mg/m3) at the bottom 6n the west side and at 1.5 m and
'fhe bottom on. the east side (Fig. 9).
toncentrations of chlorophyll a varied significantly with

transect and depth alone and with the interaction of transect and
depth (Table 11). Concentrations of chlorophyll a at the downlake
transect were significantly greater than those at the other two tran-
setts (Table 12). Concéntrations at the depth of 4 m were signifi-
cant]y greater than those.at 2, 2.5, and 3 m (Table 13)f

Period Two. Early Fall Mixing |

| Combined horizontal and vertical spatial distribution of chloro-
phy11l a was clumped for the entire lake (Table 9). Horizontal dis-
tributions were random for all stations. The vértical distribution
was clumped only for the middle station at the downlake transect
(Table 10). rVertical distribution for all other stations was random.

At the down]ake transect chlorophyll a was stratified (Fig. 10).

The densest concentrations ( = 60 mg/m3) were at 5 to 6 mat the
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middle station. The lowest concentrations (< 20 mg/m3) were at
mid depths and on the east side. At the middle transect the densest
- concentrations (20 to 40 mg/m3) extended from the middle to east sta-
tions from depths 0.5 to 1.5 and 1.5 to 2 m, respective]y}(Fig. 11).
At the uplake transect there wére severaT.less dense concentrations
(< 20 mg/m3) (Fig. 12).

Ch]ordphy]1 a varied significantly with transect and depth

(Table 14). The concentrations at the downlake transect were sig-

-nificantly greater than those at the middle transect (Table 12). The

densest concentrations were at 5 to 6 m depth which were signifi-
cantly greater than those at 4.5 m and above (Table 13). Concentra-
tions at 4.5; 5, and.6 m depth were significantly greater than those
at 4 m and above. Concentrations at 4.5 m depth were significantly
greater than those at 3 m.

Period Three, Fall Turnover

Combined horizontal and vertical spatfa] distribution of chlor-
ophy1l a was clumped for the entire Take (Table 9). Horizontal
distributions were random for all stations. The vertical distri-
bution was clumped for the entire middle transect and the west sta-
tion of the uplake transect (Table 10). Vertical distributions for
all other stations were random. At all three transects there was
vertical stratification with a denser concentratioh (20.to 40 mg/m3)
on top (Figs. 13, 14, and 15). Chlorophyll a vafied significantly
with depth (Table 13), however, average values of chlorophyll a did

not differ significantly with transect or depth (Tables 12 and 13).
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Photosynthetic Capacity

Fluorescence increase (F.I.), fluorescence after the addition
of herbicide, was an index of photdsynthetic capacity and was meas-
ured only during the periods»of'early fall mixing and fall turnover.
Period Two. Early Fall Mixing |

. Combined horizontal and vertical spatial diétribution of F.I.
was random for the entire lake. Horizontal distributions were ran-
dom at all stations. The vertical distribution was clumped for the
middle station at the downlake transect (Table 16) and random for
all other stations. At the downlake transect the F.I. was verti-
cally stratified with the greatest F.I. (6 to 9) being just below
the surface to 3.5 m depth (Fig. 16). There was a less dense pocket
(3 to 6) at 1.5 m at the middle station. At the middle transect the
F.I..varied both vertically and along the transect with areas of F.I.
in the ranges of 3 to 6 and 6 to 9 (Fig. 17). At the uplake tran-
sect the F.I. was the same at the middle station and most of the west
side (Fig. 18). On thé east side the lowest F.I. (3 to 6) was at
the surface and the greatest increase (9 to 15) near the bottom of
the lake.

F.I. varied significantly with depth (Table 17).

Period Three. Fall Turnover

Combined horizontal and vertical spatial distribution of F.I.
was random for the entire lake. The horizontal and vertical distri-
butions were random for all stations. At the downlake transect the

F.I. was the same (3 to 6) at the west side and at the middle station
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below 2.5 m (Fig. 19). The greatest F.I. (9 to 15) was at the mid-
dle station continuing to the east side at depths of 1 to 1.5 m and
0.5 to 1 m, respectively. It was aiso located at 3.5 m on the east
si&e. At the’midd]e.transect the greatest F.I. (6 to 9) was at
depths of 0 to 0.5 m at the west station, 3 m at the middle station,
and at 1 to 2 m on the east side (Fig. 20). At the uplake transect
the greatest F.I. (9 to 15) was at1 m depth at the middle station
with a patch of less F.I. (6 to 9) around it at thg middle station
and continuing to the west side (Fig. 21).

There was no significant variation in F.I1. (Table 18).

Relation of Photogynthetic Capacity to Standing Crop

The‘photOSynthetic capacity and standing crop were poorly cor-
related (Table 19). During early fall mixing photosynthetic capac-
ity énd standing crop werevnegatively correlated for the total water
cotumn and depths of 4 to 6 m. During fall turnover they were posi-
'tive1y correlated for depths of 0 to 1 and 0 to 2 m. The change

from negative to positive correlations and lack of significant cor-

relations at all depths indicated that standing crop was a poor index

of photosynthetic capacity.
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DISCUSSION

In Westhampton Lake the spatial distribution of phytoplankton
standing crop and photosynthetic capacity was not homogeneous for
any of the three periods of the study; therefore, the hypothesis of
homogeneous distributions was rejected. Combined horizontal and
vertical spatié] distributions of phytoplankton standing crop were
clumped for the entire lake and during each of the three time périods.
Most clumping was vertical rather than horizontal. For each time
period, fhe_standing crop varied significantly with dépth.

Vertical clumping was not exhibited at all nine stations and
was not consistently observed at any one station for each time period.
The depths of maximum concentration varied with the time period and
station. Most vertical clumping was during late summer stratifica-
tion and fall turnover when clumping occurred at four stations. Ver-
tical distribution of standing crop was random af the remaining five
stations. During early fall mixing standing crop was clumped only
at one station and random at the other statfons. Clumping was most evi-
dent at the downlake transect during late summer stratification and
partial mixing and at the middle transect during fall turnover.

The observations of vertical clumping of the standing crop in
Westhampton Lake during Tate summer stratification is consistent with
numerous previous studies (Bishop, 1971; Brooks and Torke, 1977,
George and Heaney, 1978; Harris and Smith, 1977; ahd Reynolds, 1976).

Vertical clumping during fall turnover, however, was inconsistent
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“with findings of Brooks and Torke (1977) who found a homogeneous
vertical distribution at fall turnover. |

Vertical c]umping during fall turnover perhaps is a result of
_incomp]ete or slow vertical mixing. -Although isothermal conditions
of the 1ake‘at this time period indicate complete mixing, the strat-
ified dissolved oxygen concentrations indicate that the mixing was
slow. |

During late summer stratification and early fall mixing, high-
est concentratiohs of standing crop occurred at the greatest depths;
next highest were at and near the surface; and the least were at
middle depths. In contradiction Bishop (1971) found the highest
concentration of standing crop at a depth of 5 ft during summer
stratification in Westhampton Lake. Brooks and Torke (1977) found
the highest concentration at greater depths (10 to 30 m) during sum-
mer stratification which is like the present findings. However,
their highest concentration was dispersed during early fall mixing,
increasing the concentration in the epilimnion as the overall chlor-
ophy11l levels declined. This contradicts the present findings where
the highest concentration remained at the Qreatest depths dUring
early fall mixing. During fall turnover in the present study, high-
est concentrations were at and near the surface followed by greatest
depths and the least was at the middle depfhé. Brooks and Torke
(1977) found a homogeneous vertical distribution during fall turn-
over. .

The present study dealt with the spatial distribution of the

entire phytoplankton community. Not all species of phytoplankton
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have the same spatial distribution and species composition varies
frbm season to season. The zone of the highest concentration of
standing crop is a function of the speéies composition. Reynolds
(1976) found that green algae were confined largely to superficial
layers; diatoms tended to occupy the deepest epilimnetic layers, ex-
cept when turbulent mixing prevailed; and blue-green algae showed

a tendenCy:to preferentially inhabit deeper layers.

Horizontal distribution of standing crop was random for each
of the three periods when each of the nine stations was analyzed
separate]y._ When the stations along each transect were combinéd,
the standing crop of the downlake transect was significantly greater
than that of the other two transects during late summer stratifica-
tion and partia) mixing, indicating a ciumped horizontal distribu-
tiqn.' The different results of thesevtwo analyses, random versus
clumped, may resu]t‘from a difference in the sensitivity of the two
statistical tests. However, these results might indicate a difference
in the scales of clumping, i.e., phytdp]ankton standing crop random
- on small-scale and clumped on a larger scale.

Few studies have been done on the horizontal distribution of
phytoplankton in small eutrophic Takes. Previous studies have shown
horizontaf clumping in small 1ake§ during summer stratification
(George and Heaney, 1978; Harris and Smith, 1977; and Richards and
Happey-tood, 1979). Richards and Happey-Wood (1979) found the hori-
zontal distributions of four species of phytoplankton to be clumped.

George and Heaney (1978) found horizontal clumping only when buoyant
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blue-green algae or the dinoflagellate Ceratium hirundinella were

. present. On most days the horizontal variations followed clear
systematic patterns related to the vertical distribution of phyto-
plankton and to wind-induced water movements. Harris and. Smith
(1977) observed clumping in a mixing zohe between two distinct water
masses, oné'more eutrophic than the other. |

The combined horizontal and vertical spatial distribution of
the phytoplankton photosynthetic capacity was random for each of the
last two time periods in Westhampton Lake. Distribution of photo-
synthetic capacity was not measured and therefore was unknown dUring
late summer stratificatfon. Vertical distribution was random for
each station and each time, with one exception of vertical clumping
at the deepest station during early fall mixing. Photosynthetic
capacity varied only significantly with depth during early fall mix-
ing. The highest photosynthetic capacity was in‘fhe surface to the
midd]e depths for each of the last two periods.
| To the author's knowledge, there‘have been no previous studies
on spatial distribution of photosynthetic capacity in lakes. Stud-
ies on spatial distribution of photosynthetic rates however, pro-
vide some basis for comparisons. In most small eutrophic lakes
the photosynthetic rates are grcatest in the top two meters of water
(Wetzel, 1975). A vertical depth distribution of photosynthesis in
which a zone of maximum of photosynthetic rates at light saturation
is underlain by a zone of near-exponential decline of rates with in-
creasing dépth are frequently found (Wetzel, 1975). Bishop (1971)
and Modre (1973) found this type of vertical distribution of photo-

synthesis in Westhampton Lake. The distribution was attributed to
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decreasing light af greater depths. In the present study the random
vertical and horizontal distribution of photosynthetic capacity means
that there were localized regions of phytoplankton with the ability
to carry on photosyhthesis at greater rates than other regions.
These regions of high photosynthetic capacity were not confined to
the top two meters. : | |

The horizontal distribution of photosynthetic capacity was
random for each of the last two periods when analyzed separately or
combiﬁed along the tranéects., These findiﬁgs contradict the assump-
tion that phytoplankton productivity and photosynthetic rates afe
horizontally homogeneous in small eutrophic lakes (Wetzel, 1975).

Regions of high standing crop were not associated with high
photosynthetic capacity. The most obvious example was located at
and near the bottom of the deepest station during-early fall mixing
which had high standing crop and very little photosynthetic capacity.
The standing crbp and photosynthetic capacity for all depths were not
strongly related and at these lower depths they were inversely re-
lated as shown by a large negative correlation coefficient. This
poor relation supports Moore's findings (1973) that primary produc-
tivity and chlorophyll é were not significantly correlated. Wright
(1960) reported that the relationship between photosynthesis and
chlorophyll a concentrations was not linear, and that an increase in

the concentration of phytoplankton led to a lowering of the photo-

synthetic rate.
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The present study was confined to the description of spatial
distributions. Further studies of the mechanisms which effect these
distributions are needed. These mechanisms influence four kinds of
patterns (Margaief, 1960): vectorial which depends on gradients of
ecological factors, e.g., light, temperature, and winds; reproduc-
tive which results from the rates of division tompared to the rates
of diffusion;vcoactive which depends on interactionm, segregation,
and grazing; and stochasfic which results from random forces, e.g.,

turbulent water movements.
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Table 1. Analysis of variance of water temperature by transect,

station, and depth during late summer stratification.

Sum of : Mean Sighif—
Source of Variation df F icance
Squares Square of F
Main Effects 1589. 289 16 99.331 14.517 .001*
Transect : 2.704 2 1.352 .198  .821
Station .024 2 .012 .002
Depth 1207.947 12 100.662 14.712
2-way Interactions 3.974 29 .137 020  .999
Transect Station 574 4 .144 .021  .999
Transect Depth 1.597 12 .133 .019  .999
Station Depth 1.973 13 .152 .022  .999
3-way Interactions 2.839 22 . 129 019 .999
Transect Station Depth 2.839 22 .129 .019  .999
Residual 896.333 131 6.842
Total 2092.435 198  12.588

*significant at the .05 Tevel
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Table 2. Analysis of variance of»water temperature by transect,

station, and depth during partial mixing period.

Source of Variation ~ Sum-of df Mean - F ?ggglg'
Squares Square of F
Main Effects 310.883 16 19.430 14.451 .001*
Transect - 2.727 2 1.363 1.014  .364
Station : .967 2 .484 .360 .698
Depth 252.203 12 21.017 15.631 .001*
2-way Interactions 5.516 30 . 184 L1370 .999
Transect Station 1.040 4 .260 .193  .942
Transect Depth 2.930 12 .244 .182  .999
Station Depth 1.564 14 112 .083  .999
3-way Interactions 3.032 22 .138 103 .999
Transect Station Depth 3.032 22 .138 103 .999
Residual 371,100 276 1.345
Total 690.532 344 2.007

*significant at the .05 level
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Table 3. Analysis of variance of water temperature by transect,

‘'station, and depth during fall turnover.

Signif-

. Sum of Mean

Source of Variation df _ F icance

‘ Squares ' Square of F
Main Effects’ 49,162 16 3.073  .33%  .985
Transect 1.413: 2 . 707 .038 .915
Station ' .349 2 .174 .022 .978
Depth 45.646 12 3.804 476 - .928
2-wdy Interactions - 18.150 30 .605 076 .999
Transect Station - .350 4 .087 .011 .999
Transect Depth 3.353 12 .279 .035 .999
Station Depth - 15,134 14 1.081 . .135 .999
3-way Interactions 1.686 22 .077 .010 .999
Transect Station Depth 1.686 22 .077 .010 .999
Residual : 2150.375 269 7.994
Total 2219.373 337

6.586

*significant at the .05 level
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Table 4.v Analysis of variance of dissolved oxygen by tranéect,

station, and depth during Tate summer stratification.

Signif-

o Sum of Mean
Source of Variation df F icance
Square Square of F
Main Effects 1645,358 16 102,835 70.694  .001*
Transect .970 2 .485 .344 717
Station 3.005 2 1.503 1.033  .359
Depth , : 1515.806 12 126.317 86.837 .001*
2-way Interactions 38.743 29 1.336 .918  .590
Transect Station 6.132 4 1,533 1.054  .382
Transect Depth 24.538 12 2.045 1.406 .171
Station Depth 7.799 13 .600 - .412 .963
3-way Interactions 7.280 22 .331 228 .999
Transect Station Depth 7.284 22 .331 .228  .999

*significant at the .05 level



26

Table 5. Analysis of variance of dissolved oxygen by tranéect,

station, and depth during partial mixing period.

- Sum of Mean Signif-

Source of Varijation ' df F icance

' Squares Square - of F
Main Effects 2199.426 16 137.464 26.744 .001*
Transect 113.781 2 56.891 11.068  .001%*
Station - 17.587 2 8.794 1.711  .183
Depth o 1598.300 12 133.192 25.912 .001*
2-way Interactions 123.699 30 4,123 .802 .762
Transect Station 1.755 4 .439 .085 .987
Transect Depth 111.492 12 9.291 1.808 .047*
Station Depth _ 8.145 14 .82 .  .113  .999
3-way Interactions 12,204 22 .555 .108  .999
Transect ‘Station Depth 12.204 22 .5b5 108 .999
Residual 1418.656 276  5.140

. Total 3753.986 344 10.913

*significant at the .05 Tlevel



Table 6. Analysis of variance of dissolved oxygen by transect,

station, and depth during fall turnover,

27

Sum of "~ Mean Signif-
Source of Variation : df F  icance

Squares Square / of F

- Main Effects 473,249 16 29,578 4,892 ,001*

Transect _ 2 5.14¢ 2 2.573 426,654
Station 8.280 2 4,140 . 685 .505
Depth _ 452,948 12 37.746 6.243  .001*
2-way Interactions 144,247 30  4.808  .795 771
Transect Station 1.512 4 .378 063 .993
Transect Depth 72.500 12 6.042 .999 .450
Station Depth 65.741 . 14 4,696 - ,777 .694
3-way Interactions 15.942 22 .725 120 .999
Transect Station Depth 15.942. 22 . 725 .1200 .999
Residual =~ 1626.420 269  6.046
Total | 2250.858 337  6.706

*significant at the .05 level
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Table 7. Regression of fluorometric measurement of standing crop
with spectrophotometric measurements of chlorophyll a

and pheopigment for all depths.

Independent Variable Simple R . Multiple R
Chlorophyll a 0.17* 017
Pheopigment -0.01* 0.19*

*Significant at the .05 Tevel
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fable 8. Regression of fluorometric measurement of standing crop
with spectrophotometric measurements of chlorophyll a

and pheopigment for top two meters.

[ndependent Variable Simple R Multiple R
Chlorophy1l a 0.24* 0.24%
Pheopigment 0.12* 0.29*

*Significant at the .05 level
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Table 9. Spatial distribution for entire lake (all transects,
stations, and depths) of chlorophyll a. Values are
ratios of variances to means. Only cases in which dis-

tribution is significantly different from random are

shown.
Time Periodl Variance/Mean Ratio Distm’bution2
SS 8.30* C
PM 5.78% C
FT 2.45% ' C

lTime Periods are late summer stratification (SS),hpartial mixing
(PM), and fall turnover (FT) . :

*Significant at the .05 level

2pistributions are either clumped (C) or homogeneous (H)



Table 10. Vertical distribution of chlorophyll a. Values are
ratios of variances to means. Only cases in which dis-

-tribution is significantly different from random are

shown,

: ya , 5

Time Periodl Transect Station Variance/Mean Distribution

' Ratio : ‘
SS Downlake West 6.64% C
SS Downlake  Middle 12.30* C
SS Downlake East 8.13* C
SS Middle West 5.21% C
PM Downlake Middle 14,60%* C
FT Middle West 4,18% C
FT Middle . Middle 4,59% C
FT Middle Fast 2.57* C
FT Uplake West 4.06* C

1Time Periods are late summer stratification (SS), partial mixing
(PM), and fall turnover (FT)

*Significant at the .05 level

ZDistributions are either clumped (C) or homogeneous (H)
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‘Table 11. Analysis of variance of chlorophyll a by transect,

station, and depth during late summer stratification.

502.

. Sum of Mean Signif-
Source of Variation df F dcance
Squares Square of F
Main Effects 34122.749 16  2132.672 5.586. .001*
Transect 3149.416 2 1574.708 4,125 - .018*
Station 761.580 2 380.790 .997  .372
Depth 22671.437 12 1889.286 4.948 .001*
2—way Interactions 12908.411 29 445,118  1.166 .275
Transect Station 801.401 4 200. 350 .525 .718
Transect Depth . 8485.771 12 707.148 1.852  .046*
- Station Depth 3531.448 13 271.650 712,749
3-way Interactions . 2398.142 22 109.006 .286  .999
Transect Station Depth 2398.142 22 109.006 .286  .999
Residual 150014.473 131 381.790
Total 99443.775 198 241

*significant at the .05 level
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Table 12. Scheffe multiple range test of concentrations of chlor-
ophyll a (mg/m3) at different transects during three
time periods. (Means grouped by a common underline are

not significantly different at the .05 level.)

Late Summer Stratification
Transects Middle ~ Uplake Downlake
Mean concentrations 24.58 25.74 38.23

Partial Mixing Period
Transects | Midd]e Uplake ) Downlake

Mean concentrations ' ' 17.01 21.48 24,23

Fall Turnover
Transects Middle " Downlake UpTake
Mean concentrations 20,07 20.59 , 23.04




Table 13. Scheffe multiple range test of concentrations of chlorophyll a (mg/m3) at different depths {(m)
during three time periods. (Means grouped by a common underline are not significantly dif-

ferent at the .05 level.)

Late Summer
Stratification:

Dep ths L 2.5 3.0 2.0 1.5 1.0 0.0 5.0 0.5 4.5l 5.5 3.5 6.0 4.0

Mean ‘ A ' - ' '
ConcentratiQnS 13.12 21.03 21.86 30.10 32.11 32.12 39.20 39.65 43.21 47.22 52,31 65.49 81.53

Partial Mixing
Depths 3.0 4.0 2.5 2.0 3.5 1.0 0.5 0.0 1.5 4,5 5.0 6.0 5.5

Mean
concentrations 14.51 16,30 16.57 17.48 18.20 19.26 20.30 20.62 22.17 39.83 60.41 67.36 72.44

Fall Turnover ,
Depths ' 5.0 4.0 3.5 3.0 4.5 2.5 2.0 5.5 6.0 1.5 1.0 0.0 0.5

" Mean : : . ' ,
concentrations 10.00 11.22 13,56 14.66 15.50 16.76 17.49 22,45 -22.72 22.86 25.09 26.52 26.80

W
e
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Table 14.. Analysis of variance of chlorophyll a by transect,

station, and depth during partial mixing period.

Sum of . ' Mean Signif-
Source of Variation df F icance

Squares Square 4 of F
Main Effects. o 37485.653 16  2342.853 26.805 .001*
Transect 734.694 2 367.347 4,203 .016+*
Station _ 60.463 2 30.231 .346  .708
-Depth 31142.379 12 2595.19 29.692  .001*
2-way Interactions 2250.827 30 75.028  .858 .683
Transect Station 397.446 4 99.361 1.137  .339
Transect Depth 1137.787 12 94.816 1.085 .373
Station Depth - 771.036 14 55.074 .630  .839
3-way Interactions 2576.562 22 117.116 1.340 .145
Transect Station Depth 2576.562 22 117.116 1.340 .145
Residual 24123.118 276 87.403
Total _ | 66436.161 344 193.128

“*significant at the .05 level
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Table 15. Analysis of variance of chlorophyll a by transect,

station and depth during fall turnover.

Sum of Mean Signif-
Source of Variation df : F icance

Squares Square of F
Main Effects 9397, 362 16 587.335 2.215 | .005%*
Transect = 229,867 2 114,933 434,649
Station . 816.834 2 408,417 1.540 .216
Depth ' . 8051.519 12 670.960 ~2.531 .,004*
2-way Interactions  5254,932 30 - 175.164 .661  ,914
Transect Station 470,367 4 117,592 444 177
Transect Depth ) 3372.988 12 281.082 1.060 .394
Staﬁion Depth 1343.432 14 95,959 .362 .984
3-way Interactions 2183.994 22 99.272 L3746 .996
Transect Station Depth  2183.994 22 99.272 374 996
Residual | 71317.958 269  265.123
Total 88154.246 337 261.585

*significant at the .05 Tevel



"~ Table 16. Vertita] distribution of photosynthetic capacity as

measured by fluorescence increase. Value is ratio
of variance to mean. Only cases in which distribution

is significantly different from random are shown.

- Time Pem’od1 Transect Station Variance/Mean Distm’bution2
- Ratio '
PM Downlake Middle 4,82* C

ITime Period is partial mixing (PM)

*Significant at the .05 Tevel

2Distr1butions are either climped (C) or homogeneous (H)

37
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Table 17.° Analysis of variance of fluorescence increase by tran-

sect, station, and depth during partial mixing period.

_ Sum of Mean Signif-
Source of Variation df F jcance
Squares Square of F
Main Effects 831.912 16  51.994 4,504 .001%*
Transect 49,281 2 24.640 2,135 .121
Station 1.468 2 .734 064 .938
- Depth 602.133 12 50,178 4.347 .001*
2-way Interactions 319.884 30 - 10.663 .924  .585
Transect Station 37.362 4 9.340 .809  .5h21
Transect Depth 143,585 12 11,965 1.037 .417
Station Depth 152.877 14 10.%20 -.946 .510
3-way Interactions 113.777 22 5,172 .448  .985
Transect Staticn Depth 113.777 22 5.172 448 .985
Residual 2389.500 207  11.543
Total - 3655.072 275 13.291

*significant at the .05 level



Table 18. Analysis of variance of fluorescence increase by tran-

sect, station, and debth'during fall turnover.

39

: Sum of Mean ' Signif-
Source of Variation df F icance-
: Squares Square of F
Main Effects 758,069 16 47.379 1.513  .095
Transect ‘ _ 86.933 2 43.467 1.388 .251
Station - 120,094 2 60.047 1.918 .149
Depth . 651.439 12 54,287 1.734 .060
2-way Interactions 508.878 30 16.963 .542  .977
Transect Station 274.049 4 68.512 2.138 .071
Transect Depth 76.365 12 6.364 .203  .998
Station Depth 181.780 14 12.984 - .415 .970
3-way Interactions 548.305 22 24.923  .796  .730
Transect Station Depth = 548,305 22 24,923 .796 0730
Residual ‘ 8423.367 269 31.314
618 337  30.382

Total 10238.

*significant at the .05 level
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Table 19.. Coefficients of correlation between photosynthetic

capacity (fluorescence increase) and standing crop

(chlorophyll a).

Simple R
1 Depth Region ,
Time Period Total 0 to 1(m) 0 to 2(m) 4 to 6(m)
PM -0.25% 0.11 0.11 -0,73%
FT 0.25 0.32* 0.29* -0.17

17ime Periods are partial mixing (PM) and fall turnover (FT)

*Significant at the .05 level
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Figure 1. Bathometric map of Westhampton Lake showing transects

and stations (A=west, -B=middle, C=east).
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Figure 2.

Isothermal lines (9C) for middle (deepest) station

at downlake transect during study period.
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Figure 3. Contour map of water temperatures (°C) at downlake tran-
sect during late summer stratification (-=0-10, +=10-15,

- 0=15-20, 0=20-25) by SYMAP.
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Figure 4. Contour map of water temperatures (°C) at downlake tran-
sect during partial mixing period (-=0-10, +=10-15,

0=15-20, 8=20-25) by SYMAP.
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Figure 5. Contour map of water temperatures (°C) at downlake tran-
sect during fall turnover (-=0-10, +=10-15, 0=15-20,
0=20-25) by SYMAP.



(W) 3d1S LSIM WOH4 IFONVLSIA

ccl 0ZL SOk 08 S/ 09 Sy o0 S O
Tl —————————— e —— —————————— e e e e ————

'OOOON...
® 9 S0 0% 000 oo
o0 2006006000500 00 00>
S8 0.0 6000 0080 ¢0000¢ 0B
.......Q..0.0.'Q.....
..'.....0.0.....".........
® o 50 0000 08 00V DHOOELEOEESOEPSEPEDN DS
...lo.....'...l....o..QO..O.... lm
OQ..\..'.'Q.....'OOQOQ'...O'..Q...
® P 0 O 0 6000 OO P OB S SN OE e POl 00D
...‘....'..'.....'.....'.N.......O'Q'.
0 ® 500 03 0 00 00 00 P00 OSE DL RO LOIE S PIOL OSSNSO PSNDILSDS
............Q.........o.o...'......'.‘.0'00.
6 0 & 0 0 0 020 00 20 O D OO OB D OO OSSOSO P OO SO SO NEPNTETBEDS
® 9 0000 60650660 060 006 06000600600 00008060 0800009000000
[ N B O B S BN BN BN BN BN RN RN A B AN BN B B BN X B AN BE AN BN A BV A AN IR B BN B A M N N NI A RS R S R N )
- s
.."..‘......"...O.".'..'.I0.0..I....'....'.Q........ -v
S 6 & 0 06 0 0609 80080 0O PSS LH IS PPN E LN RPN s s
’..'.'....‘............'I..l........Q.......'............‘.‘.
S 0 0 0 8 0 0 0000 08 500000 B0 PO OO L PO SN A0S EP 0NN LNE el e e e
...'..'..'............'..'.Q.....ﬂ.Nl..".'0'...0....0.0....Q"..ON.N
..'.....'..'....'..............Q'..'......'..'.'......"..""..I..
Q........'........'.’....'.'......’...'...".........O..l.'l'.‘...‘..
® 6 00 00 0 00 O 0 0 0O PO OOV OO OO0 OO OP PP IL NP ONEE O OO NS EE I PSP O IO G S0 et
m.h........O...'..Q..'.....'.‘...'.H.N......0.......'0.....CQ..OQ.th' Im
® 0 00 00000 OO F OB O P SO PO OO OO0 O OO OO OT DOV LIS SOLIEO PO LSOO SN
5 0600 00 00O 0P 0 00 80 00O OOD LI O PO BB OO OISO RC L OO P PO P0 LSOO Lt
.'..'I...............I.."....’..........l'......."..'.O.'.l....'.'.00...
.'m.p.................""............N.N......O........I'....'..QOONQNOOO
........‘.."...Q........'.......'....................I.......O..‘...IOC...
. ...........'Q.'.......00..00.......0'.'.......O.Q...Q...O....‘..‘..-..0....
R R R R NN N N N A N I I S S B R N N S A A R R R R I R S R I R R R R I R N A N A I N A A N A A A N )
'..¢.~l'.......’..."..v‘......OOOQOOOOOMON....‘."OL.O....Q..Q........QN.N'.I.. IN
® 0 0 8 0 00 06000 O O OO HO OO OO P SO O PSS OE O OGP E OO N ISP OSSNSO NN SN E SN
..Q..'...................QQ..Q'.......'...'I.'....'.D.......‘.,.’....'0.00000.0“....
LI B I N S N N R I Y R B BN BN Y R SN B R B Y B B N B I B R B R A I N I RN B T B I B SN K N R B IR I IR I I R DR L B I R 2
.....J.h‘...'......‘..0....'..’..O.'......OV.N..’..Q......O...','.O.'...O..NOF...‘-'.
® © 0 0 506000 000 00 P OO OGSO 0 PO OLE O PPN PR E SO OO LD OO TOEOP O EL PO ON NP OO NN OSSNSO
...O...........................'..'.Q....OYOOUOOO.....O.'....'.".Q.A'OOQOOOOOIQOOOO .
.....'...‘....A.'....'......O.....I‘..'..'.......'......'..O'.'.'...'.'........I.......
.O.'O.#'NI..Q‘.O.....'Q......Q....0......-Omoﬁoooom............'0000....OQ.QWQNQ00-0-000. 1 “l
LI I B I KB B B B SR Y B I R B N AR BN B I AN BN RN BY B RN RN N BN R BN BN RN R RN S N BN RN AR AN A AN B R A 2 O B R AR B B B N BN N AN DL NI DR AR AR B AN
Q..'...'Q....'....l.‘....".'...r........'Q.'..'O.......O..Q.G......'.Q...O....a'..'td.
S 8 0 00 %3 0000 00 0OP P OO OE OO PO O PO SOOI OB OO 00PN O OO DO OOPOROEENENOS SOOI LIOEE OSSNSO e
-.......h.h........'0.....‘..00..0.0.0..0...O.h............'...o.....0....N.N..o..o....o.
LA I B B T B BN I B BB BB B BN DN B BN N AN BN BN B BERE BN R NN BN R R R RN RN RN R I NI N RN R I I I I B B B Y B B O B RN B B R R R B IR I I I RN R I R B R Y
...'.........'.'......‘.'.'..'....0........[.'..........0'0...’.'......'O....Q0..0....‘..0.
I.O.I.OQ..O...O.J.'CC...T...Q..0..".....0...0....0000...0...00...0..000...00..‘.....'0.00.
..0......N..QQ...'.'.I...'.'.....'.OO..'C.....w.&....0"'...."...0D....Q...wbhi......l..'.'.lo



46

Figure 6. Isopleths of dissolved oxygen»(PPM) for middle (deepest)

station at downlake transect during study period.
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Figure 7. Contour map of chlorophyll a (mg/m3) at downlake tran-
sect during late summer stratification ('=O—20; +=20-40,

0=40-60, 8=60-90) by SYMAP.
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Figure 8. Contour map of chlorophyll a (mg/m3) at middle tran-
sect during late summer stratification (:=0-20, +=20-40,

0=40-60, 8=60-90) by SYMAP.
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Figure 9. Contour map of chlorophyll a (mg/m3) at uplake tran-
sect during late summer stratification (-=0-20, +=20-40,

0=40-60, 8=60-90) by SYMAP.
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Figure 10. Contour map of chlorophyll .a (mg/m3) at downlake tran-
sect during partial mixing period (-=0-20, +=20-40,
0=40-60, 0=60-90) by SYMAP.
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Figure 11. Contour map of chlorophyll a (mg/m3) at middle tran-
sect during partial mixing period (-=0-20, +=20-40,
0=40-60, 0=60-90) by SYMAP.
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Figure 12, Contour map of chlorophyll a (mg/m3) at uplake tran-
sect during partial mixing period (-=0-20, +=20-40,
0=40-60, 8=60-90) by SYMAP,
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Figure 13. Contour map of chlorophyll a (mg/m3) at downlake tran-
sect during fall turnover (-=0-20, +=20-40, 0=40-60,
9=60-90) by SYMAP.
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Figure 14. Contour map of chlorophyll a (mg/m3) at middle tran-
sect during fall turnover (-=0-20, +=20-40, 0=40-60,
0=60-90) by SYMAP.



(W) 3aIs 1SIM NOY4 FONVLISIA
GoL 06 G. 09 'Sy 0 G O

..N.O.H.Q
S 00060000000 POBSPO OO OIS
GO 00 OO0 PO OO SR OPOLOOPDLOEONLOEOLONOEPORPOEOSEDSSODS
@ 5506000 0606000000 ¢ 000000606 0600000090090
S 2 2RSSO SSSSPISEE I 2 SRS SIPSRHISIIE N
0 860600 0080 0000 0820000000800 0000 LN ee NN IS
® 68 00600 05508006000 0P 600000 s 8OOSO OSOE DN OIS DLSIPEOSGS
F.@Q..'C..‘0.0.000QQOC.ﬂH....Q..'OQOO0.0QN.Oﬁ
® 0 0000060500 OO OOOODPEEIOSPE OO PO OESS OO SOINDOSI OGS OSNDS
0 000000 0000 0PSO ODOS OO OSOE LSOO SN RNS SN OSSO
95552 HOSIOSIISSIO04 34T SSESIDPOIPPIOIT- 243 N
S0 0 000 20O W PO OD DO S OO OP OO OOPO OSSO0 0O OO NSNS SISO
..............'.................O..O.....OI.'...'.‘.
...m.hﬂ.......'........N.mﬂ..'....'....'OCOOOOﬂ....
+ L2 N ) ........."0‘...... .
treee e ZZXTXT RN 4L LI ELEE L 444

R R AR R R R R
T+ 4T B4 444242444444 444E°TC4 44444+ 44424+ 4447562+ 444+
A AR R R A R R R e R R R L R
AR AR R R R R R R R R R R R R R R R X A R RS R R
PPIH4 4224020444442 4 4494224444444 2443444242444+ 444444444
P4 E2 LG22 4404424444242 4440 G444+ 444444444444 4G°6C+++444
iR AR X A R A R R R PR R R R R R R R R L XX )
R A2 222 2R R A R R R R R R R e LRI
PEAL4 2434444242024 4 4244243424443 4 4342444444442 4242444444444
TIP3 44E° 0244444444443 344320 °GEH 4444444444444+ 408°024++4++4+




55

Figure 15. Contour map of chlorophyll a (mg/m3) at uplake tran-
sect during fall turnover (-=0-20, +=20-40, 0=40-60,

© 8=60-90) by SYMAP.
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Figure 16, Contour map of fluorescence increase at downlake tran-
sect during partial mixing period (-=0-3, +=3-6, O=6-9,'

0=9-15) by SYMAP.



00
o000

OOo00O0O00

OocOo0DO0O000
[w]ewielnlie]sslelolelele]
OOo0O000000O00000E
OO0OO00DoOOO00DOOO0DO0O
Slelelele/lsle]oislsleslelele]ele]eln]e]
O00000O0D0O00DO0OOODDODOOD

~ROOO0OO0DOOOOONODDON ODNnODDONO
OO0 OO0 «0O00 <00
0w CoMODONMRODOVD W OONDDO0W0 +
+ O0ODO0DODOOOODO
sinisleiselelelelaleielolole]eleloleleln]olelo RS
0000000000 0ODOOOOOOOOOD0D +
QOO0O0D0OOO00CDOODOOOCODDOOD
(slelelelolalalu]nleslelsle/alalalslalminlele]slole
OO000CO00O00O0000000DOOOODDDO
Qo000 O00ODODOOOOOODOOOO0D
Co00000000000000000OoO0OO0C000
00000 0COOOOOODONDOOOOODDDOO
OOo0o000OODOOODOODOCOOCCOoOCOoO
alslelesleiolale]oialelslelalelalv]e]elelvle]wlsls)
000000000 0OODDOOODOODODODD
0000000 Oo000O0ODOO0OOODOOOODOD
jeleleslaleslalele]elulolsalalelalslelels]lel=le)
OO000OOCOOOCOCODOOOOOOODDOD ++
R elslnleislalelslaloslelslolalelolslolele]alale)
(n]ele/elelelale]wl

PHEEE5, T+ 444

P4 444343 445 0444444444443+ 0 44

(w]elelelalnlsl e
elelololsleolelalw]salselnlale]ales]nlela]e)
OOO0O0O0O0O0DOO0DOoOOOO0DO0O00D
elalalslo]elele]slelals]olelalv]eslalelealel
OO0 OOOCDOOO0OOOO0O0D00
wlolelolelsloinlele]eleislolale]elelnle]e]s]
OoO0O0OOOODOODOOOOOO0O0O0
elslslaldlelels]alelw]lelelelelolelelnalele!
Qo000 O00QOODO00ODOODOOO
Oo0DO0OOODOOODODOODDVOoOO
wisleleinlnleie]siviolsisloafe]elelelw]sle]
(elelédlaisloloislolsloinlelold]leelalble]e)
OO00O0O0OOOO0OO00000
OCONEQDOOOOOOOOON mr~ )

OO OO0

OO~OOON~NDOO~MRDODOO moe O
QOO0 LOOOQAQMIOON w (0
QOO0000O0MHOOLOOON

B O 000 O
O0o0OODOO +

[ AEXZEE RS R R R R R X J

+
+
FEEEEEL L EEEIENS 2

t4 4444344+ 44444429

o000 DDCOD0D
o000 Oo0OoDOOOO00O
(slolele]alolslslelelo]o
oleelvialololwla]e]nlo]
OO00oDOCOOOOO
o000 OUOOOEO
OO00COoO00ODo0n
OOO000ODO000O
OO00O000DoOOoOOO +
o000 O000D00 <+
OCOO0O00O0Oo00OD +
00000000000
OOoOoO00000000
ODOoODoODOoOOoOO
[wlelolelele]ele]olo]oe] o)
oOoDCOD00 OO0oO0o

Y Y Yy
+PIEPEEEE LA S
R S Y e

cO00 -
LOOOM~MDODOVOoOOO~
O0000000COo00
O00o0COoO0O00O0000
O000000000O0O
ODOOCDDOOoOLODO
(eltin]elelslaln]elelw]
wisleleleislelnlslw]e]
O0000DO0OO0OD <+
o000 OO0O0o0O +
o000 0Oo00O +
cOO00OoO0O0000
00000000000
[alele]velslalalelele]
QoODCOoOOoO0CCOoo
[wlejelalwielolelele
wialelelelelslmle]e]

) .
4+t +4 444
O #4444 424444444444 24341144044

O 4444444444444 444 3044444444444 44

D #4444 443434443, 74444 44444444244
00 +++4++++4+

D #4++44+4 4444444444444 +44 404444
0
*
0
0
0
*
0
0

OC ++4+44+4444444

R TR IR TR TR R P S
R Y TR TR Y

[se] +

S D N IR L
n
(¥}

4,

OO oI o) @ o« O

I EEE R LR R ERE R
I EEEEE R EREIEEEE RS

+5,2++

QOO0

OoOCOCONCOOOUOOLOoOOOO
QOCOOOOCOHOMOONOIOMOO
OCOoO0OOIMOOOIOMUOLOI00O
wleenlsls]alelele]e(slelelel
(elinle]lels]eleleia]w]a]o]
[wlele]ela]alnl®]w]=]
QOOOO0OOO00
QOO0
[n]es ] fanYon )]
Ooooco
oo
+

LR R R R E R X ER

P4 44323+ 44 4323444444323 4434234443424 4 4442434548234 34244044

O R R R R R O e e e Y I R R R R R T T R R TR R

R R T T R IR R R R

I EEE R R EEEEE N

X R X RE S

+44+4 4044

44+ 44444

+44+ 444449

> 000
® 0 6 6 0 8 0 0 8% 8% & 00 5 OO S OGO OO Y b Ve 0

¢80 8 0 0 ¢

+++ 4+ 4

TP ETEYS

+H+4

L E XA X J

......".Q"..l.l.?'...<..'."I....'

+

+4 4

9 & 5 6 8 00 0 ¢ ¢ 00 0 ¢ 00 006 0T PO OO OS eN ¢ Ve Bt

_.IO.‘...‘....""..I.‘....‘.....'.“..

9 0 € 068 8 00 08 00 00 0t 00 NG

>

C...'......'00.2‘.....Q....'...'.

@ % 0 8 0.0 0 0 5 0 0 80 0O 0 0% 0P O QIS L 9 s

© 6 €00 90 0808000060000 0000000

[ BN AR ERENEEEEE R R N E N NI N

0.......0.0...'..’.0.

¢ & 04 & 046050 05 080 ¢os

20 0000 P 200 0 B

105 120 135

90
DISTANCE FROM WEST SIDE (m)

75

60

® 08 600 600 0000

45

30

15

i
o




57

Figure 17.

Contour map of fluorescence increase at middle tran-
sect during partial mixing period (-=0-3, +=3-6,

0=6-9, 0=9-15) by SYMAP,



*>

L 2 2

++ OO0

+ 4+ O0000O0O

+4+ O0OOOOOOO0O

+ 4+ 00000 O0OOEOO0O

4+ <+ O0OOOCOOCOOQOOLD

++ O0O0COOOOOOCOUOD ++

+ 4+ QOO0OO0ODOOOCOCLE 4+ 4++++

O+ 0000OOoOONRD 4+t +4+n+ wn

o O «0DO0O ¢O00 ¢ 4 s+ ¢+ 4+ o 44 o

g4+ ONOCOOWOOOMNT 424+ 440N+ 4¢3

++ DO0ODOCODODCL +4+++ ¢4+ 444

+ 4+ O0O00COO0DOOCCE +4+44++++4+e4++

+ 4+ O0OO0OOCOOODOOCT +++4+44++4+4+49

+ ¢4+ OO000O0DO0O0OCCE +4+4+4+++ 444+ 44

+ 4+ OQ0OO0000D00OCC ++t+++++ 4444+ 4

+4+ O0O0000O0DCO0OCC +4+4+4+4+++4++ 444+

+4+ 0O0O000O0OCOO0OCE +4+4+++++ 44444

++ O0000CO000DO000D. ++4+++4+++4+ ¢4+ 4+

4+ O0O0000D0000D0N ++4+++44+4+ 4444+
OOoOO0O0ODOOO0D0 ++4+4t+td+ s+t e

(slejolelelele] + 4+ 44 . Q

OO00O0O00O0 +4+++4++++ DOoo0OoOOooOoO0oD

OO0 4+++¢+++4++ O0ODOOOOOODOOO

OO0O0o0DD ++++++++ DOOOODOOOOODO

ODODDO +++4+++4++ OOO0OOOOCOCOOOOD

OO0DO0 +4+++4+++4++4+ ODOOOOCOOOODODOO

OOO0C0 44+ ++++++4+ OO0OOO0OOODOOODOOO

MOOON 44N+ +4+M+ 4+ +00000000N000D0N
QOO o 44 24+ 4 d cd + 4 o000 OO «oOCO o

DOO0A 44T+ ¢4+ 4+ DD00O0OROCOOCOLOOOW

OOO0O00 +4+4++++4+4+4+ 0O0OOOOCOODODODOOO

OOO00 44+ +4+4++4+4++ O00000O0QOOOOO0O

OO0O00 +4++++4+4++4+ 0COOOOOCOOOCOOOOD

ODOO00 +++++4+4+4+ OOOCOCOOQOOOOO

OO000D 4+4+++4+4+4+4+ OOOODOOOOOOOO

00000 ++++++++ OCOOOOQOOOOOOO

OOO0DD 44+ +4++4++4+ ODOODOOOODOOD

OO0O0C000O <+ + ) [w]elele]lwls]elolelw)] +

0000 oo0 oO0oCCoOOO0OCOo00o +* + 4

OOOO0DOOOQOO0ODOOO0DO0CE0 4+ ++ 4+ 4+ 4+
CoooC0oOOCOoOCOOO00 44+ +4+ 4+ 4+ 4+

+ OO0 COoOO0OCOOUr OO0 ++++++ 4+

+ O0OODO0OOoODOO0CTEOOOO +++++4+ 4+

+ OO0 GCOoO0DODOOODDDE ++ ++ 4+ 4

+ O0oo0O00OOOODOCOoOODOO +4+ +++ 4

+ O0O0DO0DOoOoOOCOC QOODO ++++ + 4+

+ o000 0O0O0o00 | O000 ++ +¢+

M4 OnDDOOON0 |~ OOMOO O+ + 40y

o4+ O OO O m e+« OO0 +0Q0O od 44+

N4+ OwOoOOOND B> OOVOoO v+ Ng

+4 OOOCONOD W3 OOOMO00
wlulelololalelsle) cCcooo
OOoOODDDODOOLIMND
elelalulawlelelelnle
(wlelwielel=lelale]

elalelelo=lel

Oo0000o

Q00

S

++4++ 4

1 1
o

|
oV ™
(w) H1d3da

30 45 60 75 90 105
DISTANCE FROM WEST SIDE (m)

15




58

Figure 18. Contour map of f]uorescénce increase at uplake tran-
sect during partial mixing period (-=0-3, +=3-6,

0=6-9, 8=9-15) by SYMAP.
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Figure 19.

Contour map of fluorescence increase at downlake tran-
sect during fall turnover (*=0-3, +=3-6, 0=6-9, 8=9-15)

by SYMAP.
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Figure 20.

Contour map of fluorescence increase at middie tran-
sect during fall turnover (-=0-3, +=3-6, 0=6-9,

8=9-15) by SYMAP.
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Figure 21. Contour map of fluorescence inérease at uplake tran-
~sect during fall turnover (-=0-3, +=3-6, 0=6-9,
9=9-15) by SYMAP.
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Appendix 1. Horizontal distribution (all transects and stations)
of chloropnyll a. Values are ratios of variances to

means.

Time Periodl Depth2 Variance/Mean Ratio Distribution3
SS 1 1.99 R
PM 1 1.11 R
FT 1 0.35 R
SS 2 1.10 - R
PM 2 0.24 - R
FT 2 0.14 R

1Time Periods are late summer stratification (SS); partial mixing
(PM), and fall turnover (FT)

2Depths are the means of all depths (1) and the means of the top
6 depths, 0 to 2.5 meters (2) ‘ '

3pistributions are either random (R), clumped (C), or homogeneous

(H)



Appendix 2. Vertical distribution of chlorophyll a. Values are

ratios of variances to means.

Time Period! Transect Station Variance/Mean Distribut_ion2

Ratio
SS Downlake West : 6.64* C
SS Downlake Middle 12.30* C
SS Downlake Fast 8.13* C
SS - Middle West 5.21%* C
sS Middle Middle 2.01. R
SS Middle . East 2.36 R
' SS Uplake - West 2.38 R
SS Uplake Middle 1.93 R
SS Uplake East 2.12 R
PM ‘Downlake West _ 1.92 R
PM "~ Downlake Middle 14.60% C
PM Downlake fast 0.54 R
PM Middle - West 0.61 R
- PM Middle Middle 0.84 R
PM Middle East 1.52 R
PM Uplake West 0.49 R
PM Uplake Middle 0.36 R
PM Uplake East 2.30 R
FT Downlake West 1.81 R
FT Downlake Middle 1.28 R
FT Downlake East 2 1.19 R
FT Middle West 4,18* C
FT Middle Middle 4,59% C
FT Middle East 2.57* C
FT Uplake West 4,06* C
FT Uplake Middle 0.51 R
FT Uplake East 2.58 R .

ITime Periods are late summer stratification (SS), partial mixing
(PM), and fall turnover (FT).

*Significant at the .05 level

2pistributions are either random (R), clumped (C), or homogeneous

(1)
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Appendix 3. Spatial distribution for entire lake (all transects,
stations, and depths) and horizontal distribution (all .
- transects and stations) of photosynthetic capacity,as
measured by fluorescence increase. Values are ratios

of variances to means.

Time Pém’od1 Distribution? Depth3 Variance/Mean Distribution?

Ratio
PM A 1 0.75 R
FT A 1 1.00 R
PM B 2 0.16 R
FT B 2 0.22 R
PM B 3 0.06 R
FT B 3 0.31 R

1Time Periods are partial mixing (PM) and fall turnover (FT)
2Distributions are for entire lake (A) or horizontal (B)

3Depths are either all depths (1), means of all depths (2), or means
of top 6 depths, 0 to 2.5 meters (3)

4pistributions are either random (R), clumped (C), or homogeneous

(H)
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Appendix 4. Vertical distribution of photosynthetic capadity as
measured by fluorescence increase. Values are ratios

of variances to means.

Time Pem‘od1 Transect Station Variance/Mean Distribution2

Ratio
PM Downlake West 0.51 R
PM Downlake Middle 4,82% C
PM Downlake East 0.22 R
pM Middle West 0.44 R
PM ‘ Middle Middle 0.12 "R
PM Middle East 0.64 R
PM Uplake West . 0.52 R
PM Uplake Middle 0.12 R
. PM Uplake East : 0.78 R
FT DownTake West . 0,39 R
FT Downlake Middle 1.17 R
FT Downlake East 1.97 R
FT Middle West 0.33 R
FT Middle Middle . 0.68 R
FT Middle Fast 0.70 R
FT Uplake West 0.43 R
FT _ Uplake - Middle. 1.36 R
FT Uplake East 0.11 R

ITime Periods are partial mixing (PM) and fall turnover (FT)
*Significant at the .05 Tevel

2pistributions are either random (R), clumped (C), or homogeneous

(H)




Appendix 5. Meanings of columns in Appendix 6.

Unit of Decimal Point Numerical
Column Name of Property Measure Where Location Where Code Where
| Applicable Applicablel Applicable.
A Date Day from | 401=Sept.23,03=Sept.25,10=0ct.2;15=0ct.7,17=
start of study Oct.9,22=0ct.14,24=0ct.16,31=0ct.23,38=0ct.
30,45=Nov.6,53=Nov.14,64=Nov.25,73=Dec.4
B Transect 1=Downlake, 2=Middle, 3=Uplake
C Station l=West, 2=Middle, 3=East
D Depth Meters 1=0,2=0,5,3=1,4=1,5,5=2,6=2,5,7=3,8=3.5,9=4,
10=4.5,11=5,12=5,5,13=6
E Water Temperature oC ——- '
| F Concentration of PPM L=
| Dissolved Oxygen » '
|
‘ G Chlorophyll a mg /m3 —— o=
‘ H Pheopigment mg/m3 ———e--
I Fluorescence
' without DCHU
J Fluorescence
with DCMU
K Percent Fluores- : : —— -
cence Increase
L

Percent Fluorescence In- - e
crease/Chlorophyll a :

M

Fluorescence Increase

N

- Turbidity : JTU

lpoint indicates position of decimal point, e.g., 26.5 represented as ——-

L9



Appendix 6. Values of lake properties for various dates and loca-
tions in Westhampton Lake (See Appendix 5 for mean-

ings of columns).

A B C D E F G H I
01 11 1 27 94 5346 1109 36
01 11 2 27 94 8019 1991 28
01 1 1 3 265 90 4277 2740 27
01 11 4 25 48 5212 1804 28
01 1'1 5 24 14 1336 2031 17
01 11 6 23 8 2005 1270 17
01 11 7 215 - 7 2272 2873 21
01 11 8 20 7 1871 3555 13
0112 1 28 94 4143 1751 25
01 1 2 2 27 93 4010 1230 30
0112 3 27 92 4544 1818 29
0112 4 26 64 6282 548 31
01.1 2 5 24 23 2406 1056 20
01 12 6 23 11 1069 1644 17
0112 721 9 1203 762 16
0112 8 19 9 6415 4437 23
01 1 2 9 16 9 14033 34990 32
01 1 2 10 14 9 4010 4785 12
01 1 2 11 115 9 4143 4557 11
01 1 2 12 105 9 4678 4865 11
01 1 2 13 105 8 7083 13582 15
0113 1 27 94 5881 1042 32
0113 2 27 94 5881 895 30
01 1 3 3 265 92 6014 1376 27
01 1 3 4 255 42 1336 909 15
01 1 3 5 24 13 3475 454 20
01 1 3 6 24 11 1069 1457 15
01 21 1 27 89 4945 ° 388 26
0r 21 2 27 89 4945 949 26
01.21 3 26 80 4945 1042 24
0121 4 25 62 4410 361 24
01 21 5 24 19 1470 1243 18
01 21 6 23 9 1470 1524 16
01 2 2 1 27 92 3876 521 23
01 2 2 2 27 92 4544 1443 29
01 2 2 3 26 88 4410 922 27
01 2 2 4 25 61 3475 1577 23
01 2 2 5 24 23 1470 962 18
01 22 6 23 9 1470 962 18
oL 2 2 7 22 8 5079-13552 18
01 22 8 19 8 6014-12095 15
01 23 1 27 92 4410 1296 29
o1 2 3 2 27 90 2940 5573 13
01 2 3 3 26 86 4110 1002 24
01 23 & 25 46 5212 1617 27
01 2 3 5 245 21 1470 1149 17
01 2 3 6 235 8 1470 1056 18
01 2 3 7 215 8 4544 5653 24

68



Appendix 6. (Continued).

mi-

A B C D F G H I

01 31 1 27 89 3876 615 23
01 31 2 27 87 4410 1016 24

.01 31 326 B85 3475 1577 25
01 31 425 61 6014 1096 30
01 31 5 25 13 3074 949 21
01 31 6 24 9 1604 1203 18
01 3 2 1 28 92 4410 922 25
01 3 2 2 27 92 4811 334 30
01 3 2 3 26 87 4410 922 26
01 3 2 4 25 76 7752 - 855 29
01 32 5 245 12 7785 535 31
01 32 6 23 8 3361 962 18
01 33 128 90 3475 735 24
01 3 3 2 27 90 5212 9476 20
01 3 3 3 26 BO 1069 1363 23
01 3 3 & 25 60 2940 708 25
01 33 5 245 18 5079 628 18
01 3 3 & 24 9 1737 414 14
03 11 1 23 80 3341 1056 19
0311 2 23 77 3608 788 20
03 11 3 23 58 2406 869 18
03 11 & 23 35 1737 g8z 11
03 11 5 22 21 802 1724 14
0311 6 215 39 1336 1470 15
03117 21 13 1336 1470 18
03 11 8 19 10 4010 3408 19
03 1 2 1 235 81 2673 788 19
03 12 223 71 3475 361 21
0312 3 23 62 2673 1069 20
03 12 4 23 28 1604 1016 18
0312 5 22 34 1802 2192 16
03 12 6 215 44 535 3582 16
0312 721 12 1336 1470 18
0312 8 19 10 12429 13485 24
0312 9 17 10 6415 4998 16
03 12 10 15 10 4678 4584 13
03 1211 13 11 3208 5119 13
03 1212 12 11 4410 6722 15
03 12 13 11 11 4277 6763 18
03 13 1 24 85 5346 1390 27
0313 2 235 8 4544 1350 27
03 1 3 3 235 74 1871 936 28
03 13 & 23 46 1470 1898 17
0313 5 22 17 1604 2045 15
0313 6 22 36 1470 2646 16
0313 721 11 8954 19

6950

69



Appendix 6. (Continued).

ABC D E F G T
03 21 1 235 83 1203 3475 20
03 21 2 235 82 4277 1336 34
03 21 3 235 70 3609 2847 32
03 21 4 23 38 1470 363 16
03 21 5 225 22 1336 1002 15
03 21 6 215 60 802 1630 17
03 2 2 1 235 83 2138 1791 20
03 22 2 23 80 2272 628 17
03 2 2 3 23 62 1069 1457 16
03 2 2 4 23 21 1336 1002 14
03 2 2 5 225 28 1470 1524 15
03 2 2 6 22 34 936 1871 17
03 2 2 7 21 18 1871 936 17
03 2 2 8 20 10 1336 3996 19
03 2 3 1 235 86 4143 1002 22
03 2 3 2 23 75 2005 1831 22
03 2 3 3 23 50 1871 1216 17
03 2 3 & 23 27 1069 1363 15
03 2 3 5 225 26 1336 1002 15
03 23 6 22 40 1069 1457 17
03 2 3 721 9 1336 909 17
03 31 1 235 83 4544 695 25

.03 31 2 23 T4 4277 401 33
03 31 3 23 65 2807 1123 23
03 31 & 23 58 2807 561 22
03 31 5 225 58 1737 1069 18
03 31 6 22 47 1069 1270 17
03 3 2 1 235 83 2272 1470 20
03 3 2 2 23 68 2005 615 20
03 32 3 23 66 2272 535 19
03 32 & 23 61 1871 561 17
03 3 2 5 225 59 1203 762 16
03 3 2 6 22 11 1069 615 16
03 33 1 235 83 2005  -989 20
03 3 3 2 23 78 2272 722 19
03 3 3 3 23 45 2272 1096 19
03 3 3 4 23 34 1871 842 17
03 3 3 5 22 56 802 1069 16
03 33 6 22 9 1336 254 16
1011 1 22 82 1871 187 14
1011 2 21 80 4143 628 22
10 11 3 195 50 4544 1443 22
1011 4 19 43 1871 936 17
1011 5 19 39 1203 949 16
1011 6 19 35 1336 441 14
1011 719 11 1470 16

1336

70



Appendix 6. (Continued).
AB C D E F G H I
101 2 121 92 4010 668 21
101 2 220 92 13231 802 39
101 2 3 195 58 9890 1149 32
10 1 2 4 19 49 3208. 2406 22
101 2 519 42 2005 1176 18
1012 619 33 802 601 13
10 1 2 719 27 1203 481 14
101 2 8 18 11 4544 7150 30
10 1 2 9 165 10 4010 4691 14
10 1 2 10 14 10 4277 5734 13
10 1 2 11 125 10 4410 7845 14
101 2 12 115 10 5079 7083 18
10 1 2 13 11 10 8286 15102 29
101 3 1 21 92 3475 1016 23
10 1 3 2 195 87 8153 1484 46
10 1 3 3 195 66 3208 6616 47
10 1 3 4 19 49 4678 1123 30
10 1 3 5 19 42 1203 762 14
101 3 6 19 35 1470 775 16
101 3 719 23 668 1016 13
10 21 1 205 80 1737 321 18
10 2 1 2 205 76 1336 1470 19
10 21 320 64 1470 962 18-
10 21 4 195 53 1336 1189 18
10 21 5 19 48 2138 481 19
1021 619 29 802 788 14
1021 719 9 668 922 14
1022 121 87 1737 882 20
10 2 2 221 71 1604 1016 18
10 2 2 .3 205 86 4410 2419 27
10 2 2 4 20 55 2406 401 18
10 2 2 5 19 34 3608 3969 27
10 2 2 619 32 1470 1243 17
102 2 719 32 1069 521 15
102 3 1 21 89 2406 307 20
10 2 3 2 205 88 1470 2085 20
10 2 3 3 20 79 2005 1363 22
10 2 3 4 20 48 2539 3074 24
10 2 3 5 19 32 4277 1243 24
102 3 6 19 25 1069 895 15
10 23 7 19 9 668 788 14
10 31 1 22 8% 1470 775 19
10 31 2 215 83 1203 481 18
1031 3 21 78 401 1657 18-
10 31 & 205 67 2539 267 20
1031 5 20 44 2673 695 21
10 31 6 19 26 1136 23

2138

/1
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Appendix 6. (Continued).

A B C D E F G H I
103 2 1 21 88 936 842 17
10 3 2 2 21 87 1336 535 17
10 3 2 3 21 81 1737 788 18
10 3 2 4 20 63 . 2406 588 27

.10 3 2 5 195 38 1737 1630 21
10 3 2 6 19 26 1336 347 15
10 3 3 1 215 77 1069 1082 16
10 3 3 2 215 75 1069 B02 18
1033 3 21 78 936 1403 17
10 3 3 &4 20 53 2406 494 20
10 3 3- 5 195 37 535 2927 19
10 3 3 6 19 8 134 2299 17
1511 1 16 62 2005 521 17
15 1°'1 2 16 56 3475 735 18
1511 3 16 33 2138 1230 18
1511 4 155 31 1604 1109 17
1511 5 155 21 802 1163 16
1511 6 155 33 1203 668 13
15 11 7 15 34 1203 762 12
1511 8 15 30 1203 762 13
151 2 1 16 55 2940 521 18
151 2 2 16 43 2406 1336 18
1512 316 34 2406 1056 18
151 2 & 16 34 2673 414 16
15 1 2 5 155 30 2005 521 15
151 2 6 155 29 668 1764 14
151 2 7 155 24 1336 815 13
15 1 2 8 155 24 1470 588 13
1512 9 15 11 1203 762 13
15 1 210 145 10 4811 7164 14
151 2 11 13 9 6549 7578 15
151 2 12 12 ‘9 5747 12590 21
15 1 2 13 11 9 8821 10545 25
151 3 1 165 57 1336 2406 16
1513 2 16 48 2807 748 17
151 3 3 16 41 2272 909 17
151 3 &4 16 44 2005 428 17
151 3 5 155 42 1604 1296 16
15 1 3 6 155 32 -1336 909 14
1513 7 155 31 B02 1256 13
15 1 3 8 155 11 1336 535 13
152 1 1 165 72 1604 1764 18
19 21 2 16 62 2272 441 17
15 21 316 24 2940 1082 17
15 21 & 155 36 1203 762 13
15 21 5 155 38 1203 481 12
15 2.1 6 155 41 1203 120 14
15 21 7 155 9 535 1149 14
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Appendix 6. (Continued).
ABCDE F & H 1 J K L ™
15 2 2 1 16 62 2138 668 19
152 2 216 56 2406 1336 19
15 2 2 3 16 28 3475 922 17
15 2 2 4 155 28 1470 588 14
15 2 2 5 155 31 1203 388 14
15 2 2 6 155 38 267 1417 15
15 2 2 7 155 46 1069 708 14
15 2 2 815 45 535 869 12
15 2 3 1 165 54 2272 347 19
15 2 3 2 16 38 1470 1243 18
15 2 3 3 16 31 2272 722 17
15 2 3 &4 155 26 2272 =27 15
152 3 5 155 26 1871 561 14
15 2 3 6 155 37 936 1310 14
15 2 3 7 155 41 1604 B29 14
15 31 1 165 88 2673 1724 18
15 31 2 16 76 4410 624 20
15 31 3 16 65 3608 1350 20
15 31 4 16 62 2673 414 19
15 31 5 155 55 1604 267 16
15 31 6 15 37 1336 254 12
15 3 2 1 165 76 1737 788 16
15 3 2 2 16 79 4277 1898 24
153 2 3 16 60 3608 1163 22
15 3 2 4 16 61 3475 454 20
15 3 2 5 155 49 2539 1484 20
1532 6 15 41 8687 —-6722 13
15 3 3 1 16 71 6682 428 27
19 3 3 2 16 62 4544 B82 22
15 3 3 3 16 48 1871 2432 20
15 3 3 4 16 41 1871 561 16
15 33 5 155 45 802 1537 15
15 33 6 15 9 1069 521 13
1711 1 20 90 4544 227 28 37 321 71 9
1711 2 18 94 1470 775 16 23 438 298 7
1711 317 92 1604 1203 18 21 167 104 3
17 11 &4 16 31 2673 414 19 26 368 138 7
1711 5 155 26 2138 855 15 23 533 249 8
1711 6 155 24 2005 615 13 24 846 422 11
1711 7 15 20 1470 1056 11 15 364 248 4
1711 8 15 9 1069 989 10 14 400 374 4
1712 119 90 1470 307 15 24 600 408 9
171 2 2 17 89 2272 -27 18 29 611 269 11
17 1 2 3 165 90 1203 668 17 22 294 244 5
171 2 4 16 61 2539 361 19 24 263 104 . 5
1712 516 31 936 1497 18 25 389 416 7
17 12 6 155 17 1737 601 12 19 583 336 7
1712 715 16 1069 B02 11 16 454 425 -5
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A B C-DE F G i I J. K L M
1712 8 15 11 2807 468 16 19 188 67 3
1712 9 15 9 1737 882 16 18 125 72 2
17 1 2 10 14 9 4811 5760 15 15 0 0 0
17 1 2 11 13 9 6415 911517 17 0 0 0
17 1 2 12 12 9 7885 7458 20 20 O 0 0
171 2 13 11 9 8821 10638 27 27 O 0 0
171 3 1175 99 1737 882 18 18 0 0 0
1713 217 97 936 1310 18 27 500 534 9
1713 3 16 94 2138 - 13 20 28 400 187 8
171 3 4 16 51 2673 227 20 26 300 112 6
1713 5 16 39 1336 535 16 19 188 141 3
1713 6 155 27 1203 481 14 16 143 119 2
1713 715 16 1336 909 13 16 231 173 3.
1713 8 15 10 455 1056 11 13 182 400 2
17 21 1 20 B7 1336 441 13 20 538 403 7
1721 2 18 85 1604 922 18 24 333 208 6
1721 3 16 60 2673 134 17 22 294 110 5
17 21 4 16 43 2272 535 20 29 450 198 9
17 21 5 155 28 2138 388 17 23 353 165 6
17 21 6 155 26 1871 1029 14 17 214 114 3
1721 7 15 8 2138 575 13 15 154 ~ 72 2
17 22 119 94 1203 388 15 17 -133 110 2
17 2 2 2 18 94 1871 374 17 28 647 346 11
17 22 317 90 1203 762 17 24 412 342 7
17 2 2 &4 16 47 3068 882 22 31 409 133 9
17 2 2 5 155 34 2539 174 16 18 125 49 2
17 2 2 6 155 22 1871 374 14 16 143 76 2
1722 7 15 9 1069 802 12 15 250 234 3
17 2 2 B8 15 5 2406 214 13 21 615 256 8
17 2 3 1 19 88 341 1189 13.15 154 452 2
17 2 3 2 18 92 1604 1016 16 18 125 78 2
17 2 3. 3165 87 1069 1550 17 22 294 275 5
17 2 3 4 16 46 2673 321 21 26 238 89 5
17 23 5 155 28 2138 386 16 18 125 - 58 2
1723 6 15 18 1336 535 11 15 364 272 &
17 2 3 7 15 7 936 655 10 13 300 320 3
17 31 1 19 91 1871 281 12 16 333 178 &
17 31 2 19 89 668 1484 14 20 428 641 6
17 31 3175 89 1203 668 14 17 214 178 3
17 31 & 165 80 2406 2085 20 401000 416 20
17 31 5 16 62 2406 307 19 33 737 306 14
17 31 6 16 9 1470 682 14 20 428 291 6
17 32 1 18 86 1336 254 14 18 286 214 4
17 32 2 18 96 1737 321 14 19 357 206 5
17 3 2 3 165 93 1203 481 14 20 428 356 6
17 32 4 16 77 1737 1724 21 28 333 192 7
17 3 2 5 155 57 2406 214 16 24 500 208 8
17 32 6 15 11 936 748 13 17 308 329 4



Appendix 6. (Continued).
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A B C D E G H I J K L M
17 3 3 1 205 88 1470 401 13 18 385 262 5
17 33 219 91 1871 187 16 21 312 167 5
17 3 3 317 93 936 1123 16 22 375 401 6
17 3 3- 4 16 80 4143 628 23 29 261 63 6
1733 516 54 1336 1470 19 25 316 236 6
17-3 3 6155 7 2272 535 16 24 500 220 8
2211 115 91 2406 307 23 25 87 36 2
22 11 215 86 3742 -94 28 40 428 114 12
22 1 1 3 145 ¢6& 2005 - 1550 27 39 444 221 12
22 11 4 14 49 1604 454 23 31 348 217 8-
22 11 514 58 1203 1604 20 34 700 582 14
22 11 614 61 1604 548 19 35 842 525 16
2211 714 5 668 1016 19 29 526 787 10
22 11 8145 4 2138 1042 20 27 350 164 7
22 1 2 1 145 83 4143 =682 31 40 290 70

22 1 2 2 145 80 3B76 334 29 39 345 B89

22 1.2 3 14 59 2138 949 26 34 308 144
22 1 2 414 55 2272 722 24 29 208 92
221 2 514 52 936 1590 20 24 200 214
2212 614 51 1203 481 19 27 421 350

22 1 2 714 46 1470 1149 20 25 250 170

22 1 2. 814 . 47 1604 922.20 31 550 343 1
2212 9 14 58 1336 535 20 25 250 187
221 210 135 14 4811 4170 19 18 59 12

22 1 211 13 10 6148 7511 16 16 0 O

22 1 2 12 12 9 8153 7003 22 22 0 O

22 1.2 13 11 9 6415 9021 2222 0 O
2213 115 81 1737 788 24 36 500 288 1
2213 215 77 1336 1283 22 28 273 204

22 1 3 3145 64 2138 481 24 29 208 97
221 3 & 14 52 2138 1042 22 27 227 106
2213 514 51 1871 561 20 36 B0OO 428 1
221 3 614 38 1871 1029 20 29 450 240

22 1 3 Y 14 35 2138 949 21 27 286 134

22 1 3 814 48 2272 1470 25 26 40 18

22 21 115 90 2138 575 24 31 292 136

22 21 215 84 1336 1377 25 28 120 90

22 21 315 58 2406 401 26 39 500 208 1
22 21 4 14 ST 2539 267 24 37 542 213 1
22 21 514 64 1470 401 20 24 200 136

22 21 614 67 1336 815 21 26 238 178

22 21 7 14 68 1737 788 22 30 364 210

22 22 115 95 2539 2513 29 39 345 136 1
2272 2 215 77 2673 2960 25 31 240 90

22 2 2 3 145 56 3208 2125 27 33 222 69

22 2 2 4 14 51 1B71 561 22 26 182 97

22 22 514 56 1604 735 22 30 364 227

22 22 614 62. 1737 414 23 29 261 150

22 22 714 72 1871 842 22 28 273 146

22 22 8 14 72 2406 401 22 25 136  S6
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Appendix 6. (Continued). 76
ABC D E F G H I J K L M N
22 23 1155 99 1871 1590 22 26 182 97 &

22 23 215 75 2940 708 23 32 391 133 9

22 2 3 3 145 54 1336 2125 23 38 652 488 15

222 3 4 14 50 2807 748 24 34 417 148 10

22 2 3 ‘5 14 54 2272 909 20 24 200 8B 4

22 23 6 14 65 2406 401 20 23 150 62 3

22 2 3 7 14 69 1470 1804 22 24 091 62 2

22 31 116 96 1737 508 23 28 217 125 5

22 31 2 155 94 1336 722 22 30 364 272 B

22 31 315 93 1737 508 21 28 333 192 7

22 31 4 15 91 2005 1270 26 30 154 77 4

22 31 5 145 83 2005 1176 24 31 292 146 7

22 31 6 14 9 1871 = 468 23 29 261 139 6

22 32 116 99 -1604 735 22 28 273 170 6
‘22 32 2 155 94 1069 802 21 35 667 624 14
22 32 315 94 1470 588 22 33 500 340 11

22 3 2 4 145 BB 1470 1524 24 34 417 284 10

22 32 5.14 85 . 1871 748 24 29 208 111 5

22 32 6 14 9 1069 1363 22 26 182 170 &

22 33 1 155 99 4811 708 24 30 250 52 6

2233 2155 96 2406 120 23 28 217 90 5

22 33 315 94 1871 1497 23 33 435 232 10

22 33 4 145 B87 3341 869 27 39 444 133 12

22.3 3 514 86 2138 1697 26 49 500 234 13

22 33 6 14 9 1737 695 25 34 360 207 9

26 11 117 98 1871 187 30 37 233 124 7 20

2411 2 17 100 2138 668 29 34 172 80 5 25

2411 315 85 1069 3421 33 38 152 142 5 20

26 11 &4 14 74 2406 494 44 50 366 152 6 30

26 11 5 14 64 1470 1430 36 40 111 76 4

24 11 6 14 53 1336 1564 28 33 178 133 5

2611 714 5 936 1684 25 29 160 171 4

24 11 8 14 12 2940 1270 30 33 100 34 3

2412 116 104 1737 695 34 38 118 68 4 20

2612 215 10 187 281 31 35 129 69 4 22

24 1 2 3 145 B85 936 1029 31 38 226 241 7 22
241 2 4 14 Bl 2406 401 33 36 91 38 3 25

24 12 5 14 52 936 936 29 36 241 257 7

24 1°'2 6 14 46 2138 762 25 29 160 75 &

246 1 2 7 14 44 2046 1243 24 28 167 82 4

24 1 2 B 14 28 3341 214 23 32 391 117 9

24 1.2 9 135 12 2539 1390 24 30 250 98 6

26 1 2 10 135 10 2673 2566 25 27 80 30 2

241 2 11 12 9 6014 8206 21 21 O O 0

24 1 2 12 12 9 7484 4771 27 27 O O 0

26 1 2 13 11 9 6816 9369 31 31 0 O 0
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A B C D E F -G H I J K L M N
24 13 1 155 96 2005 521 33 37 121 60 & 20
24 1 3 2 155 84 1203 1323 32 40 250 208 8 20
24 1 3 3 15 79 1336 722 28 39 393 294 11 20
24 1 3 4 14 59 1871 - 468 27 32 185 99 5 20
24 1 3 5 14 48 1604 642 27 36 333 208 9
241 3 6 14 45 1336 815 22 31 409 306 9

24 1 3 7 14 44 2673 227 25 32 280 105 7
241 3 8 14 12 1336 2218 23 28 217 162 5
24 21 117 104 1737 976 28 31 107 62 3 20
24 21 2 17 98 341 1377 32 41 281 B24 9 20
24 21 '3 14 98 1336 1657 33 40 212 159 7 30
24 21 4 14 75 2272 347 35 42 200 88 7 40
24 21 5 14 77 3068 414 33 38 152 50 5
24 21 6 14 56 1336 1470 27 31 148 111 4

24 21 7 14 49 1336 441 26 31 192 144 5

24 2 2 1°17 104 1069 708 28 33 178 166 5 30
24 2 2 2 165 102 1871 374 32 36 125 67 & 40
24 22 315 94 1470 1336 34 36 59 40 2 40
24 2 2 4 14 64 2940 428 37 42 135 46 5 40
24 2 2 5 14 60 . 2406 682 33 38 152 63 5

24 2 2 6 14 54 1604 428 25 39 560 349 14

24 2 2 T 14 48 1336 1189 25 36 440 329 11

24 2 2 8 135 9 1336 535 24 34 417 312 10

24 2 3 116 108 802 1630 33 41 242 302 8 40
24 23 2 16 102 1336 441 28 35 250 187 7 20
24 2 3 3 155 102 455 1524 30 36 200 440 6 30
24 2 3 & 145 70 2940 895 31 41 322 110 10 30
24 2 3 5 14 48 2138 388 26 31 192 82 5

24 2 3 6 14 47 1336 628 22 28 273 204 6

24 2 3 7 14 14 1470 1336 25 31 240 163 6

24 31 1 17 100 1336 441 29 35 207 155 & 35
24 31 2 155 100 668 1016 24 28 167 250 4 40
26 31 3 15 102 1203 294 27 38 407 338 11 40
24 31 4 145 98 1604 1109 31 39 258 161 8 38
24 31 5 14 87 2406 401 30 35 167 69 5

24 31 6 14 9 1737 788 29 36 241 139 7

24 32 116 102 2138 294 29 36 241 113 - 7 40
24 32 215 104 1336 909 30 35 167 125 5 40
24 32 3 15 108 1604 174 29 35 207 129 6 40
26 3 2 4 14 102 1470 1336 31 41 322 219 10 35
26 3 2 5 14 102 2807 94 35 45 286 102 10

24 3 2 6 14 g2 1069 1082 27 30 111 104 3

24 33 1 18 104 1871 655 27 30 111 59 3 40
24 33 2 17 104 1470 682 28 31 107 73 3 40
24 33 3 16 106 1336 1283 28 33 178 133 5 45
24 3 3 4 15 94 3475 174 31 44 419 120 13 40
24 33 5 14 92 2005 1457 33 52 273 136 9

24 3 3 6 14 41 3742 =~281 32 45 406 108 13
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Appendix 6. (Continued).
A B C D E F- G H I J K L M N
3111 1 14 108 2673 414 46 48 43 16 2 30
31 11 2 14 108 2539 735 46 51 109 43 5 30
31 11 3 14 106 2539 1296 46 54 174 68 8 20
31 11 4 14 77 2005 1363 45 62 156 79 7 20
31 11 5 135 80 341 1564 40 46 150 440 6
31 11 6 135 17 1203 2165 40 47 175 145 7
3111 7 135 11 1470 775 30 38 100 68 3
31 11 B8 135 10 3074 1604 26 28 77 25 2.
31 1 2 1 145 106 1336 2125 49 50 20 15 1 20
31 1 2 2 145 112 2272 722 49 59 204 90 10 25
31 1 2 3 14 110 1871 1872 49 56 143 76 7T 25
3112 4 14 100 2005 53 44 46 45 . 22 2 40
311 2 5 14 80 1203 842 41 49 195 162 8
31 1 2 614 67 1604 361 36 45 250 . 156 9
31 1 2 7 14 52 1737 321 38 48 263 151 10
3112 8 14 13 1203 481 34 41 206 171 7
31 1.2 9 135 8 1336 1470 31 33 64 48 2
311 2 10 13 8 2807 2620 25 29 160 57 &
31 1 2 11 13 8 5079 5399 21 22 48 09 1
31 1 212 12 10 6950 5493 21 21 O O 0
31 1 2 13 11 8 2807 10010 24 24 O 0 0
31 1 3 1 14 98 2406 307 47 54 149 62 7 20
31 1 3 2 14 94 2005 802 47 72 106 53 5 20
31 1 3 3 14 90 1871 748 46 50 87 46 4 20
31’1 3 4 14 56 1604 642 46 56 217 135 10 20
31 1.3 5 14 38 1470 588 46 55 196 133 9
3113 ‘6 14 15 1203 1791 33 42 273 227 9
31 1 3 7 14 11 4410 829 39 49 256 58 10
31 1 3 8 14 9 1871 3555 35 48 371 198 13
31 21 1 14 108 2138 1042 44 50 136 64 6 20
31 21 2 14 108 936 1965 46 53 152 162 7 20
31 21 3 14 104 1604 1016 45 50 111 69 5 20
31 21 4 14 104 455 1524 43 53 232 510 10 20
31 21 5 14 92 1737 695 42 54 286 165 12
31 21 6 14 90 1737 788 41 53 293 169 12
31 21 7 135 90 1069 1924 42 44 48 45 2
31 2 2 1 14 112 1069 802 47 57 213 199 10 30
31 2 2 2 14 110 1470 682 47 55 170 116 8 30
31 2 2 3 14 104 2138 388 48 51 62 29 3 30
31 22 4 14 96 1604 361 46 51 109 68 5 30
31 22 5 14 95 668 1484 46 55 196 293 9
31 2 2 6 135 94 1604 642 41 47 146 91 6
31 22 7 135 95 668 1577 41 46 122 183 5
31 2 2 8 135 95 1604 454 41 45 98 61 4
312 3 1 145 112 668 1858 48 50 42 63 2 30
31 2 3 2 14 110 1470 401 46 56 217 148 10 20
31 23 3 14 104 1069 1363 48 54 125 117 6 20
31 2 3 4 14 96 1871 281 44 50 136 73 6 30
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AB-C D E F G H I J K L M N
31 23 5 14 90 1737 601 40 47 175 101 7
31 2 3 6 14 91 1871 1123 42 43 24 13 1
31 2 3 7 14 92 455 2553 44 51 159 349 7
31 31 1 145 108 134 4918 47 48 21 157 1 30
31 31 2 145 106 2138 668 45 51 133 62 6 30
31 31 3 14 104 3074 107 50 59 180 58 9 20
31 31 4 14 98 2539 1296 47 53 128 50. 6 25
31 31 5 14 94 1871 1871 45 51 133 71 6
31 31 6 14 96 1336 1564 42 56 333 249 14
31 3 2 1 145 112 3068 882 52 59 135 44 7 20
31 3 2 2 14 110 1604 . 1296 49 59 204 127 10 20
31 3 2 3 14 102 2807 1123 51 58 137 49 7 20
31 3 2 & 14 92 1203 3475 46 48 43 36 2 30
31 32 5 14 93 2138 1323 44 52 182 85 8
31 32 6 14 93 1336 2593 43 64 488 365 21
31 3 3 1 145 110 3068 40 47 55 170 55 8 30
31 3 3 2 14 104 1871 1965 49 58 184 98 9 25
31 33 3 14 104 2807 561 49 52 61 22 3 25
31 3 3 4 14 93 1604 1671 45 58 289 180 13 20
31 3 3 5 135 87 2272 441 45 50 111 49 5
31 33 6 135 87 B02 1724 41 52 268 334 11
3811 1102 74 2005 -40 36 39 . 83 41 3 45
38 1 1 2 102 67 1737 321 36 42 167 96 6 35
3811 3 102 64 1203 762 36 41 139 116 5 35
38 11 & 102 63 1203 481 35 45 286 238 10 50
3811 5 102 63 802 1256 34 40 176 219 6
38 1 1 6 102 63 1203, 294 36 37 28 23 1
3811 7 105 60 936 1123 35 39 114 122 ¢&
3811 8 105 11 936 1029 39 40 26 28 1
3812 1105 73 1604 642 38 53 132 82 5 45
38 1 2 2 105 67 2406 588 37 44 189 78 7 40
381 2 3 105 63 668 1484 37 43 162 242 6 30
381 2 4 103 62 936 561 38 48 263 281 10 30
381 2 5 103 59 341 1096 31 43 387 1135 12
38 1 2 6 103 59 1336 628 33 40 212 159 7
38 1-2 7 103 59 455 1056 33 37 121 266 4
38 1 2 8 103 59 1203 855 34 40 176 146 6
381 2 9 103 61 802 601 37 37 O 0 0
38 1 2 10 103 60 1871 468 37 43 162 87 6
381 2 11 105 12 267 1230 35 39 114 427 4
38 1 2 12 107 10 5346 4010 25 26 40 07 1
381 2 13 107 9 6549 4865 24 24 O 0 0
3813 1 107 67 802 788 35 40 143 178 5 40
381 3 2 107 60 455 922 33 44 333 732 11 35
381 3 3 105 60 1737 =53 33 48 454 261.15 35
381 3 4 105 61 1470 -160 34 38 118 80 4 40
381 3 5 105 61 1069 1270 30 35 167 156 5
381 3 6 105 11 802 1163 37 50 351 438 13
3813 7105 10 1203 481 32 47 469 390 15
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A BC D E F G H 1.9 K L M N
3821 1105 79 1470 962 38 41 79 54 3 35
38 2.1 2 105 73 1336 909 36 41 139 104 5 35
38 21 3 103 66 1203 1510 36 44 222 184 B8 45
38 21 4 102 66 1604 267 3545 286 178 10 40
38 2 1 5 102 68 936 1403 35 40 143 153 5
3 21 6 102 69 1604 267 35 44 257 160 9
382 1 7 102 10 936 1403 32 43 344 368 11
38 22 1 105 79 1203 855 38 39 26 22 1 40
38 2 2 2 105 70 1069 1924 38 40 53 50 2 40
38 2 2 3 102 67 1470 307 32 39 219 149 7 30
38 22 4 102 66 802 1256 34 41 206 . 257 7 30
38 22 5102 66 1203 762 35 45 286 238 10
382 2 6 102 67 1203 481 32 34 62 52 2
38 2 2 7 102 68 1336 1377 33 38 152 114 5
38 22 8102 65 1069 895 32 38 188 176 6
38 2 3 1 107 80 1336 1096 37 40 81 61 3 35
382 3 2 105 77 1203 1417 36 37 28 23 1 40
38 23 3 105 72 2005 615 36 42 167 83 6 45
38 2 3 4 102 69 455 1804 35 41 171 376 6 40
38 23 5 102 65 1470 1711 34 46 353 240 12
38 23 6 103 61 802 695 34 46 353 440 12
38 23 7 103 10 1203 1510 35 43 229 190 B8
38 3 1 1 105 88 2940 1457 63 69 95 32 6 45
33 31 2 105 88 3208 722 47 53 128 40 6 35
38 31 3 105 85 2005 2018 44 65 250 125 11 40
38 3 1 & 102 72 2539 922 38 53 395 156 15 40
38 31 5 102 70 802 2005 33 40 212 264 7
38 31 6 102 10 1737 1818 31 41 322 185 10
38 3 2 1 107 87 4010 575 35 48 371 92 13 40
38 3 2 2 105 85 2539 267 30 36 200 79 6 35
38 3 2 3 103 78 1871 2526 47 59 255 136 12 40
38 3 2 4 102 73 668 2232 32 39 219 328 7 30
38 3 2 5 102 71 1203 1697 34 43 265 220 9
38 3 2 6103 71 1737 1256 68 75 103 59 7.
38 3 3 1 107 91 2005 2018 47 67 213 106 10. 30
38 33 2 105 83 267 2820 32 37 156 584 5 40
38 33 3 103 78 2272 909 39 45 154 68 6 35
38 3 3 4 103 76 2272 1657 47 65 170 75 8 40
38 33 5 103 73 802 2285 31 39 258 322 8
38 33 6 102 10 1604 922 47 56 191 119 9
45 11 1 105 92 1871 561 40 51 275 147 11 15
45 11 2 105 96 2138 1884 36 49 361 169 13 60
4511 3 10 80 2138 294 42 48 143 67 6 15
45 11 4 9 77 1737 1163 35 42 200 115 7 15
4511 5 9 76 936 1497 33 35 61 65 2
45 11 6 9 72 1336 909 34 44 294 220 10
4511 7 9 72 1069 1082 34 42 235 220 8
45 11 8 9 .44 1203 481 33 38 152 126 5
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AB CD E F G H I J K L M N
451 2 1 10 96 2005 708 38 58 526 262 20 35
45 1 2 2 95 89 2005 240 38 52 368 184 14 35
45 1 2 3 95 89 1336 722 37.50 351 263 13 20
45 1 2 4 9 81 1336 160 35 45 286 214°10 20
45 1 2 5 9 79 668 1484 36 46 278 416 10
45 1 2 6 9 76 1470 962 34 38 118 80 &
45 1 2 7 9 75 455 1524 33 44 333 732 11
45 1 2 '8 9 76 1737 227 35 44 257 148 9 -
45 1 2 9 85 81 1737 548 35 46 314 181 11
45 1 2 10 85 83 1871 187 34 50 470 251 16
451 2 11 85 78 2005 ~414 35 46 314 157 11
45 1 2 12 85 17 1069 428 35 42 200 187 7
45 1 2 13 9 11 1470 1898 40 47 175 119 7.
45 1 3 1 11 102 1203 1697 41 49 195 162 8 30
45 1 3 2 9 80 802 976 36 47 306 382 11 30
45 1 3 3 9 79 1604 829 35 48 371 231 13 30
45 1 3 4 9 78 2138 481 34 43 265 124 9 35
451 3 5 9 78 1737 508 35 43 228 131 8
45 1 3 6 9 75 1871 1590 34 44 294 157 10
451 3 7 9 75 2272 441 34 53 559 246 19
45 21 1 10 104 1604 1764 42 48 143 89 6 25
45 21 2 10 102 22712 535 39 41 51 22 2 25
45 21 '3 95 86 1871 1029 39 46 179 96 7 30
45 21 4 9 84 2406 401 35 37 57 24 2 25
45 21 5 9 87 1737 508 35 39 114 66 &
4521 6 9 88 2138 294 36 40 111 52 &
45.2 1 7 85 .89 802 2005 36 46 278 347 10
45 2 2 1 10 98 3208 1002 45 50 111 35 5 25
45 2 2 2 10 90 2005 802 36 47 306 153 11 30
45 22 3 9 84 2807 561 53 62 170 60 9 25
45 2 2 4 9 84 1737 882 35 38 86 50 3 30
45 22 5 9 86 1604 361 36 39 83 52 3
45 22 6 9 88 1470 775 33 42 273 186 9
45 2 2 7 85 B89 21138 107 33 63 909 425 30
45 2 3 1 10 92 1470 1056 38 58 526 358 20 35
4% 23 2 95 Q0 2673 601 37 48 297 111 11 35
45 2 3 3 9 92 1604 1016 35 47 343 214 12 35
45 2 3 4 9 90 2539 361 35 42 200 79 7 20
45 2 3 5 85 88 802 1069 32 44 375 468 12
45 2 3 6 85 66 1604 454 34 38 118 74 &
45 2 3 7 85 41 1336 347 33 34 30 22 1
45 3 1110 106 3208 254 40 45 125 39 5 30
45 31 2 10 104 2940 2486 46 59 283 96 13 35
45 31 3 95102 3208 535 43 61 419 131 18 30
45 31 4 9 94 2673 321 40 45 125 47 5 30
45 31 S 85 89 1871 1310 36 40 111 59 &
45 31 6 85 83 802 2098 32 32 0 O 0
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ABCD E F G H T J K L M N
45 3 2 1 10 100 2272 1376 38 40 53 23 2 40
45 3 2 2 95 100 1470 1149 38 47 237 161 9 30
45 3 2 3 95 98 2807 936 40 60 500 178 20 30
45 32 4 9 94 2005 1924 41 46 122 61 5 30
45 3 2 5 85 95 2138 481 36 41 139 65 5

45 3 2 6 85 93 1069 1176 35 41 171 160 6
45 .3 3 110 97 1203 3288 38 46 210 174 8 30
45 3 3 2 10 100 668 1951 37 48 297 445 11 30
45 33 3 9 92 1604 3074 56 59 54 34 3 30
45 33 4 9 99 3074 13 37 45 216 70 8 35
45 33 5 9 98 2539 80 35 45.286 113 10

45 33 6 B85 63 802 1256 36 46 278 347 10
5311 1 9 112 2807 655 29 37 276 98 8 20
5311 2 85 112 2272 1657 33 38 152 67 5 25
5311 3 8 107 2005 117628 30 71 35 2 25
53 11 4 75 92 1069 1503 26 31 192 180 5 25
5311 5 8 92 1737 1350 27 30 111 64 3

53 11 6 8 93 2272 67 27 28 37 16 1

53 11 7 75 94 1470 494 24 2B 167 114 4

53 12 1 9 126 2539 2419 51 57 118 46 6 30
53 1 2 2 85 122 2940 989 48 57 188 64 9 30
531 2 3 8 114 2673 4531 73 99 356 138 26 30
53 1 2 4 8 112 2539 642 36 64 778 306 28 20
53 12 5 8 106 1069 2205 29 39 345 323 10
5312 6 75 94 2138 949 33 35 61 28 2
5312 7 75 95 1069 - 802 25 29 160 150 4

53 1.2 8 75 95 1470 1336 26 34 308 210 8

$3 12 9 75 .92 668 1858 25 32 280 419 7

53 1 210 75 84 1069 61526 26 0 0 0
531 2 11 75 83 455 2178 28 46 643 1413 18

53 1 2 12 75 82 1336 535 25 31 240 180 6

53 1 2 13 75 12 1203 1417 24 25 42 35 1

53 13 1 9 114 3876 1082 39 46 179 46 7 25
$3 13 2 9 117 1737 2753 43 59 372 214 16 25
53 1 3 3 8 114 2673 601 38 47 237 89 9 30
53 1 3 4 B8 106 936 1590 31 40 290 310 9 20
53 13 5 8 98 1737 1911 31 37 194 112 6
5313 6 75 94 668 1577 .28 34 214 320 6

53 13 7 75 56 1203 855 32 36 125 104 &

53 21 1 95 120 2005 2392 41 48 171 85 7 30
53 2 1 2 95 116 3742 936 37 43 162 43 6 20
53 21 3 85 110 5747 615 51 55 78 14 4 20
53 21 4 8 106 3074 1417 28 33 178 58 5 25
5321 5 75 102 2005 2392 29 34 172 86 5

53 21 6 75 98 29640 1831 32 37 156 53 5

53 21 7 8 66 2138 1510 28 30 71 33 2
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A BCD E F 6 M I J K L M N
53 2 2 1 9 116 4410 1016 34 42 235 53 8 30
53 22 2 9 118 3208 3154 38 51 342 107 13 30
53 2 2 3 8 112 4277 869 34 35 29 07 1 30
53 22 4 8 102 455 4050 26 28 77 169 2 30
53 22 5 75 98 2406 1149 24 41 708 294 17
5322 6 75 96 1203 2165 23 27 174 145 &

53 22 7 8 96 1604 1390 20 21 50 31 1

53 2 2 ‘8 75 90 1203 1884 20 24 200 166 4
53 2 3 1 85 122 4010 1136 33 38.152 38 5 25
5323 2 9 120 5079 909 42 54 286 56 12 35
53 2 3 3 B85 120 7484 -94 43 66 535 71 23 35
53 2 3 &4 B8 112 2940 2486 37 55 486 165 18 40
5323 5 75 106 2138 575 24 32 333 156 8

53 23 6 75 98 668 2326 26 32 231 346 6

53 23 7 75 94 2406 495 23 23 O 0 0

53 31 1 10 114 2005 2018 24 30 250 125 6 25
53 31 2 95 116 3742 936 30 31 33 09 1 30
$3.31 3 95 118 2539 2326 33 37 121 48 & 30
53 31 4 85118 5480 882 36 39 83 15 3 35
53 31 5 8 42 5212 495 30 35 167 32 5

53 31 6 75 42 1871 1029 20 25 250 13&% 5

53 3 2 1 10 120 2138 2446 30 36 200 94 6 30
53 3 2 2 95 122 6415 508 41 60 463 72 19 40
$3 32 3 9 120 2807 3836 44 79 795 283 35 40
53 32 4 B 116 6415 227 44 62 409 64 18 25
533 2 5. 75 17 4410 3261 39 57 462 105 18

53 32 6 75 14 2807 561 22 32 454 162 10

$3 33 110 118 2807 936 31 35 129 46 4 35
53 33 2 10 118 3475 922 33 38 152 44 5 35
53 33 3 '9 120 5747 895 32 38 188 33 6 30
53 33 4 8 112 6014 534 33 44 333 55 11 30
53 33 5 75 94 802 2379 17 19 118 147 2

53 33 6 T5 42 1203 1604 14 16 143 119 2 .
64 11 1 55 112 5747 1644 32 36 125 22 4 55
64 11 2 55 116 6549 187 44 50 136 21 6 50
64 11 3 55118 5613 0 34 45 324 58 11 55
64 11 & 55 117 6682 241 34 39 147 78 5 55
64 1 1 5 55 116 2406 3675 34 36 59 24 2

64 1 1 6 55 116 4945 855 34 38 118 24 4

64 11 7 5 114 1871 3929 34 37 88 47 3

64 1 2 1 55 115 5212 401 33 36 91 17 3 40
66 1 2 2 55 113 2539 2887 35 36 28 11 1 40
64 1 2 3 55116 5079 535 35 39 114 22 4 50
64 1 2 & 55 118 6148 -67 35 40 143 23 5 50
64 1 2 5 55118 7083 =254 35 37 57 08 2

664 1 2 6 55 118 6014 -~-2085 34 36 59 10 2

64 1 2 7 5 116 5346 1016 32 34 62 12 2
641 2 8 5 112 2539 1203 25 136 54 3

22
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ABCD E F G H 1 J0 K L M N

641 2 9 45 110 1336 147019 19 0 0 0

64 1 2 10 45 108 936 1123 16 18 125 134 2

64 1 2 11 45 108 1203 949 17 17 0 0 0

64 1 2 12 45 108 668 829 17 19 118 177 2

64 1 2 13 45 64 936 5611616 0 0 0

64 1 3 1 6 124 4010 3288 40 54 350 87 14 30

64 1 3 2 55123 5346 267 37 50 351 66 13 40

64 1 3 3 55123 3208 2406 36 57 583 182 21 40

64 1 3 &4 55 124 5079 628 37 40 81 16 3 35

64 1 3 5 55126 5613 94 38 41 79 14 3

64 1 3 6 55 125 6816 . =80 33 43 303 44 10

64 1 3 7 55112 802 6495 33 40 212 264 7

6413 8 5 66 1336 72219 20 53 40 1

64 2 1 1 55 112 3608 5560 42 55 310 86 13 35

64 21 2 55 114 10959 =294 41 62 512 47 21 40

64 21 3 5 114 4277 4740 52 61 173 40 9 35

64 21 & 5 110 1604 922 17 19 118 74 2 20

64 2 1 5 45106 936 1684 15 19 267 285 4

64 21 6 45 105 1203 294 15 17 133 90 2

64 2 1 7 45105 1203 5751515 0 0 0
64 22 1 55116 7083 =535 37 41 108 15 4 40

64 22 2 55116 5079 1564 36 40 111 22 4 35

64 2 2 3 5 114 4811 1082 53 56 57 12 3 45

64 22 4 5 110 1604 1016 21 22 48 30 1 20

64°2 2 5 45105 1069 7081515 0 O O

64 2 2 6 45 105 341 909 15 16 67 196 1

64 2 2 T :45 105 336 240 16 17 62 66 1

64 2 2 8 45 105 802 695 14 15 71 88 1

66 23 1 55116 2539 80 21 22 48 19 1 25

64 23 2 5 114 1737 882 21 22 48 28 1 25

64 23 3 5 110 1203 200 16 18 125 104 2 25

64 23 4 45 106 802 1069 1515 0 O 0 25

64 2 3 5 45106 1203 107 18 19 56 46 1

64 2 3 6 45 104 341 815 16 17 62 182 1

64 2 3 7 45102 455 401 15 16 " 67 147 1

64 31 1 6 116 12697 -1002 58 74 276 22 16 55

64 3 1 2 55 118 4010 388 26 33 269 67 7 35

64 3 1° 3 5 114 2406 1524 24 27 125 52 3 30

64 31 & 5 112 2673 414 22 25 136 51 3 25

6431 5 5 110 668 829 18 20 111 166 2

64 31 6 45106 936 6551616 0 0 O

6432 1 6 114 2807 2900 34 41 206 73 7 45

64 32 2 5 112 668 735 15 16 67 100 1 15

64 32 3 5 112 3074 -80 20 21 50 16 1 20

64 32 & 5 106 2272 3471717 0 O 0 25

64 3 2 5 45 105 936 1684 14 15 71 76 1

64 3 2 6 45100 1069 708 17 62 58 1

16
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Appendix 6.
AB CD E F G H I J K L " N
64 3 3 1 6 116 2272 1751 28 29 36 16 1 35
64 3 3 2 55 116 2673 788 20.22 100 37 2 40
64 3 3 3 5 114 1604 3074 20 22 100 62 2 25
64 3 3 4 5 112 1203 481 15 15 O 0 0 25
64 3 3 5 5 108 4595 588 13 13 O 0 0
64 3 3 6 45 54 1069 53 14 16 143 134 2
7311 1 4 116 1203 949 15 16 67 56 1 20
7311 2 4 112 1470 1243 16 17 62 42 1 20
73 11 3 4 112 1336 1096 17 18 59 44 1 30
7311 4 4 105 1871 748 16 16 O 0 0 20
7311 5 35105 .1203 1323 15 18 200 60 3
7311 6 35105 1737 695 15 18 200 115 3
7311 7 35 105 1604 735 15 15° 0 0 0
7311 8 35 105 2005 428 13 14 77 38 1
7312 1 4 122 1069 1176 17 18 59 55 1 25
7312 2 4 114 1336 815 16 17 62 46 1 15
7312 3 4 112 455 2272 16 18 125 275 2 10
7312 4 4 112 1203 1230 16 17 62 52 1 15
731 2 5 35108 2005 1363 15 17 133 66 2
73 1 2 6 35108 1470 588 15 17 133 90 2
73 1 2 T 35 108 1604 735 16 17 62 39 1
73 1 2 8 35 108 1470 775 15 16 67 46 1
7312 9 35108 1069 1550 15 16 67 63- 1
73 1 2 10 35 108 2005 334 15 16 67 33 1
73 1 2 11 35 108 1069 1457 15 15 O 0 0
73 1 2 12 35 108 2807 ~-1684 15 16 67 26 1
73 1 2 13 35 106 1203 1323 14 16 143 119 2
73 1 3 1 45 124 1069 708 15 16 67 63 1 40
73 1 3 2 45 120 3341 ~-1751 16 22 312 93 5 45
731 3 3 4 118 1604 1109 15 18 200 125 3 10
731 3 & 4 116 1203 2259 15 16 67 56 1 25
731 3 5 4 114 1871 1216 14 16 143 76 2
731 3 6 4 113 2138 294 13 15 154 72 2
7313 7 4 106 1737 788 15 16 67 39 1
731 3 8 4 104 802 2098 15 15 O 0 0
7321 1 4 105 1737 508 13 14 77 44 1 15
73 21 2 & 108 1470 588 13 16 231 157 3 20
73 2 1. 3 & 108 1604 . 454 14 16 143 89 2 20
73 21 & & 105 802 2660 13 14 77 96 1 25
73 21 5 35 104 1336 1189 13 14 77 82 1
7321 6 35105 455 1524 13 14 77 169 1
73 2 1 7 35 104 1470 1336 14 17 214 146 3
73 2 2 1 & 122 1604 1203 16 19 188 117 3 25
73 2 2 2 4 113 1604 1951 14 16 143 89 2 15
73 22 3 4 110 2272 815 14 16 143 63 2 15
73 2 2 4 & 106 2005 802 13 14 77 38 1 25
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Appendix 6. (Continued).
ABCD E F G H I J K L M N
73 2 2 5 35 104 1203 1417 13 15 154 128 2
73 2 2 6 35 104 1604 1671 14 15 71 44 1
73 2.2 7 35 104 1470 682 14 15 71 48 1
73 2 2 8 3 102 1203 762 11 12 91 76 1
73 2 3 1 & 124 802 2566 14 15 171 88 1 30
7323 2 4 116 21138 481 15 18 200 94 3 25
73 2 3 3 4 112 1737 1256 14 17 214 123 3 35
73 2 3 & 4 105 2005 989 14 16 143 71 2 20
73 2.3 5 35 104 1604 1109 14 15 71 44 1
73 2 3 6 35 102 936 1684 1213 83 89 1
73 31 1 35 116 1069 989 13 14 77 72 1 20
73 31 2 35 105 2673 695 16 17 62 23 1 25
73 31 3 35 104 1470 1804 17 18 59 42 1 30
73 31 & 35 104 2138 1042 15 19 267 125 & 20
73 31 5 35 104 2272 535 17 21 235 103 &4
73 31 6 35 100 1336 1096 12 13 83 62 1
7332 1 3 114 936 1590 13 14 77 g2 1 20
73 3 2 2 35108 1203 '1136 11 13 182 151 2 15
73 3 2 3 35 108 455 2459 16 17 62 136 1 30
73 3 2 4 35 104 1336 1283 13 14 77 58 1 25
- 73 3 2 5 35 104 1737 508 12 13 83_ .48 1
73 32 6 35104 1470 1898 12 13 83 59 1
73 33 1 5 106 1871 1123 12 13 83 44 1 25
73 33 2 4 104 2005 1550 16 17 62 31 1 30
73 33 3 4 103 1336 1377 15 16. 67 50 1 25
73 3 3 & 35100 1737 508 15 16 67 38 1 25
73 33 5 35100 936 936 12 12 0 0 0
7273 33 6 35 78 1203 575 12 13 83 69 1
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Appendix 7. Lorenzen's equations for chlorophyl]l a and pheo-

pigment (Lorenzen, 1967).

A x K x (66509 - 6655) x v
Ve x L

Chlorophyll a (mg/m3) =

A x K (R[6653] - 665q) x v

Pheopigment (mg/m3) = Ve x L

where

(absorption coefficient of chlorophyll)
(factor to equate the reduction in absorbancy to ini-
tial chlorophyll concentration, 1.7:0.7)
(absorbance before acidification, 6657 - 7507)
6654 (absorbance after acidification, 6657 - 7502}
(volume of acetone used for extraction in ml)
(Titers of water filtered)
(path length of cuvette in cm)
(maximum ratio of 665¢:665;5 in the absence of pheo-
pigments) :
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