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I. A NOTE ON LIMNOLOGY AND THE LAKE AS -AN ECOSYSTEM 

Limnology is the study of inland fresh waters, especially lakes and 
ponds (lentic water vs. lotic water for streams and rivers). The 
science encompasses the geological, physical, chemical, and biological 
events that operate together in a lake basin and are dependent on 
each other (Hutchinson, 1957). It is the study of both biotic and 
abiotic features that make up a lake's ecosystem. As pointed out by 
Dillon (1974) and others before him, in order to understand lake 
conditions, one .must realize that the entire watershed and not just 
the lake, or the lake and its shoreline, is the basic ecosystem. A 
very important factor, and one on which the life of the lake depends, 
is the gravitational movement of minerals from the watershed to the 
lake. Admittedly, the report contained herein concentrates mainly 
on the lake itself. Yet the foremost problem affecting the lakes 
and ponds today is accelerated cultural eutrophication, which origi
nates in the watershed and is translated into various and sundry 
non-point sources of pollution. A great deal of lake restoration 
projects will have to focus on shoreland and lake watershed management. 
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EUTROPHICATION - the process of aging by ecological succession. 

' Source: Measures for the Restoration and Enhancement of Quality of Freshwater Lakes. 
Washington, D.C.: United States Environmental Protection Agency, 1973. 



II. EUTROPHICATION 

The term "eutrophic" means well-nourished; thus, "eutrophication" refers 
to natural or artificial addition of nutrients to bodies of water and to 
the effects of added nutrients (Eutrophication: Causes, Consequences, and 
Co=ectives, 1969). The process .of eutrophication is nothing new or invented 
by man. It is the process whereby a take ages and eventually disappears. 
An undisturbed lake will slowly undergo a natural succession of stages, the 
end product usually being a bog and finally dry land (see Figure A). These 
stages can be identified by measuring various physical, chemical, and bio
logical aspects of the lake's ecosystem. Man can and often does affect the 
rate of eutrophication. From a pollutional point of view, these effects 
are caused by increased population, industrial growth, agricultural practices, 
watershed development, recreational use of land and waters, and other forms 
of watershed exploitation. 

For restorative or preservative purposes of a lake and its watershed, it is 
important to identify both a lake's problem and the cause of the problem. 
Problems associated with eutrophication include: nuisance algal blooms 
(especially blue-green algae); excessive aquatic plant growth; low dissolved 
oxygen content; degradation of sport fisheries; low transparency; mucky 
bottoms; changes in species type and diversity; and others. The pollutional 
cause is identified as either point or non-point in origin. A point source 
of pollution may be an inlet to the lake carrying some waste discharge from 
upstream. Or it may be an industrial, agricultural, or domestic (e.g., wash
ing machine pipe) waste discharge which can be easily identified, quantified, 
and evaluated. 

Non-point sources of pollution, which are the more common type affecting 
a lake, are more difficult to identify. They include agricultural runoff, 
urban runoff, fertilizers, septic or cesspool leakage, land clearing, and 
many more. They are often difficult to quantify and, thus, evaluate. 

An objective of a lake survey is to measure a lake's trophic state; 
that is, to describe the point at which the lake is in the ageing process, 
The measure most widely used is a lake's productivity. Technically, this 
involves finding out the smount of carbon fixed per meter per day by the 

. _primary producers. Since it is a rather involved procedure to do this, the 
lake survey attempts to indirectly describe the lake's trophic state ·or· 
level of biological productivity. 

During the process of eutrophication, a lake passes through three major," 
broad stages of succession: oligotrophy, mesotrophy, and eutrophy. Each 
stage has its own characteristics (see Table A). Data from •a lake sur
vey can be analyzed for assessment of the lake 's trophic state. Although 
the level of productivity is not quantified, the physical, chemical, and 
biological parameters measured go a long way in positioning the lake as to 
its trophic status. The perimeter survey helps locate .and identify sources 
of pollution. 
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TABLE A 

LAKE TROPHIC CHARACTERISTICS 

1. Oligotrophic lakes: 
a. Very deep, thermocline high; volume of hypolimnion large; water of 

hypolimnion cold. 
b. Organic materials on bottom and in suspension very low. 
c. Electrolytes low, or variable; calcium, phosphorus, and nitrogen 

relatively poor; humic materials very low or absent. 
d. Dissolved oxygen content high at all depths and throughout year. 
e. Larger aquatic plants scanty. 
f. Plankton quantitatively restricted; species many; algal blooms rare; 

Chlorophyceae dominant. 
g. Profundal fauna relatively rich in species and quantity; Tanytarsus 

type; Corethra usually absent. 
h. Deep-dwelling, cold-water fishes (salmon, cisco, trout) common to 

abundant. 
i. Succession into eutrophic type. 

2. Eutrophic lakes: 
a. Relatively shallow; deep, cold water minimal or absent. 
b. Organic materials on bottom and in suspension abundant. 
c. Electrolytes variable, often high; calcium, phosphorus, and nitrogen 

abundant; humic materials slight. 
d. Dissolved oxygen, in deeper stratified lakes of this type, minimal or 

absent in hypolimnion. 
e. Larger aquatic plants abundant. 
f. Plankton quantitatively abundant; quality variable; water blooms common; 

Myxophyceae and diatoms_ predominant. 
g. Profundal fauna, in deeper stratified lakes of this type, poor in 

species and quantity in hypolimnion; Chironomus· type; Corethra present. 
h. Deep-dwelling, cold-water fishes usually absent; suitable for perch, pike, 

bass, and other wa~water fishes. 
i. Succession into pond, swamp, or marsh. 

3. Dystrophic lakes: 
a. Usually shallow; temperature variable; in bog surroundings or in old 

mountains. 
b. Organic materials in bottom and in suspension abundant, 
c. Electrolytes low; calcium, phosphorus, and nitrogen very scanty; 

humic materials abundant. 
d. Dissolved oxygen almost or entirely absent in deeper water. 
e. Larger aquatic plants scanty. 
f. Plankton variable; commonly low in species and quantity; Myxophyceae 

may be very rich quantitatively. 
g. Profundal macrofauna poor to absent; all bottom deposits with very 

scant fauna; Chironomus sometimes present; Corethra present. 
h. Deep-dwelling cold-water fishes always absent in advanced dystrophic 

lakes; sometimes devoid of fish fauna; when present, fish production 
usually poor, 

1. Succession into peat bog. 

SOURCE: Welch, P.S., Limnology, McGraw Hill Book Co., New York, 1952. (Reprinted 
with permission from7:he publisher.) 
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Figure B shows the various zones of a typical stratified lake. In addition 
to the lake's life history mentioned above, a lake also has characteristic 
annual cycles. Depending on the season, a lake has a particular temperature 
and dissolved oxygen profile (see Figure B). During the s\UIQller season, the 
epili1D11ion, or warm surface water, occupies the top zone. Below this is the 
metalimnion, which 1a characterized by a thermocline. In a stratified lake 
this is the zone of rapid temperature change with depth. The bottom waters, 
or hypolimnion, contain colder water. The epilimnion is well mixed by wind 
action, whereas the hypolimnion does not normally circulate. During the 
spring and fall seasons these regions break down due. to temperature change 
and the whole lake circulates as one body. In shallow lllkes (i.e., 10-15 
feet maldmwn depth) affected by Wind action, these zones do not exist except 
for short periods during calm weather. 

The summer season (July-August) is the best time to survey a lake in order 
to measure its trophic status. This is the time when productivity and bio
mass are at their highest and when their direct or indirect effects can best 
be measured and observed. The oxygen concentration :In the hypolimnion is an 
important characteristic for a lake. A high level of productivity in the 
surface waters usually results in low oxygen concentrations in the lake's 
bottom. Low oxygen :In the bypolimoion can adversely affect the life in the 
lake, especially the cold-water fish which require a certain oxygen concentra
tion. Organic material brought in via an inlet can also cause an oxygen 
deficit in the bypolimnion. Hutchinson (1957) has amply stressed the 
importance of dissolved oxygen in a lake: "A skilled linmologist can probably 
learn more about the -ture of a lake from a series of oxygen determinations 
than from any other kind of chemical data. If the oxygen determi-tions are 
accompanied by observations on secchi disc transparency, lake color, and 
some morpho111etric data, a very great deal is known about the lake." 

Table B depicts concentrations of various substances and other data for two 
hypothetical lakes, one eutrophic, the other oligotrophic. .. It is intended 
as a guide for comparison to the Lake Pearl data~ · "Each lake, of 
course, is different from all otbera. There is no bard and fast rule as 
to critical concentratiDnll for each lake. The morphology of a lake (e.g., 
-an depth) plays an important part in its general well-being. A small, 
deep lake will react differently to nutrient l011ding than a large, shallow 
lake. In the final analysis, each lake is found unique and lllUllt be eval
uated on an individual basis. 
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TABLE B 
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PHYTOPLANKTON 
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1oligotrophic = nutrient poor 
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III. LAKE METHODOLOGY 

MORPHOLOGY 

A bathymetric map of Lake Pearl was prepared from an original from the 
Massachusetts Division of Fisheries and Wildlife as confirmed in the 
field work with a fathometer (Raytheon model DE728A). Morphometric 
parameters were measured with a planimeter and rotometer according 
to Hutchinson (1957) and Welch (1948). Other pertinent map data (e.g., 
drainage basin area) were derived from USGS topographic maps (7.5 
minute series). 

SAMPLING STATION LOCATION 

Five separate sampling stations were established during the Lake Pearl 
Water Quality Study. As the data will show, however, not every station 
was sampled each month, The location and description of sampling 
stations (see Figure 2) during the study were as follows: 

Station l: Deep hole station, with maximum depth of 34.0 feet; 
Station 2: Uncas Brook Inlet; 
Station 3: Meadow Brook Inlet; 
Station 4: Inlet stream from Lake Archer; 
Station 5: Eagle Brook outlet (just above spillway). 

DATA COLLECTION 

Physical an~ Chemical Data 

Temperature profiles were made in situ with a Thermo Fishometer (Bright 
Radio Laboratories, Inc,, Oceanside, New York). Transparency measure
ments were made with a standard 20 cm secchi disc. Field pH tests 
were taken with a Hach model 17N Wide Range pH Test Kit. Water samples 
from the deep hole station were collected with a standard-type brass 
Kenonerer water sampler, while inlet and outlet samples were generally 
collected below the surface by hand. The samples for dissolved oxygen 
were collected in the manner described by Welch (1948). The dissolved 
oxygen concentration was measured by azide modification of the Winkler 
technique (Standard Methods, APHA, 1971). Titrations were made within 
several hours after fixing in the field with manganese sulfate and 
alkali-azide-iodide reagents. The sulfuric acid was added just prior 
to the titrations in the laboratory. Samples for chemical analyses 
were transported to the Lawrence Experiment Station of the Massachusetts 
Division of Environmental Health and analyzed according to Standard 
Methods (APHA, 1971). The following analyses were performed on each 
sample: pH, alkalinity, hardness, conductivity, silica, anononia-nitrogen, 
nitrate-nitrogen, and total phosphorus. In addition, many of the samples 
were also tested for chloride, sulfate, color, iron, manganese, and· 
copper. Wind, weather, and air temperatures were routinely recorded 
on each survey, along with any other pertinent observations. 

Biological Data 

Phytoplankton: Phytoplankton samples were collected by a standard 
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procedure described by the Maine Department of Environmental Protection, 
Division of Lakes and Biological Studies. The sample consisted of a 
composite core taken with a one-half inch i,d. plastic tube with a 
weight attached to one end. The tube was lowered at the deep hole 
station close to the bottom, pinched below the meniscus, and raised 
into the boat. The sample was then allowed to drain into a clean and 
rinsed collection bottle. The procedure was repeated until a volume 
of 500 ml. was collected. Samples were normally analyzed for phyto
plankton on the day of collection using a Whipple micrometer and 
Sedgwick-Rafter cell. Algae counts were reported as areal standard 
units per ml (Standard Methods, 1971). 

Zooplankton: Zooplankton samples were collected- with a simple conical 
plankton net (D=5 inches, 1•15 inches) with No. 20 mesh. The net was 
lowered at the deep hole station close to the bottom and then raised 
at a constant semi-rapid rate (about 1 meter/second). The straining 
bucket was emptied into a clean and rinsed collection bottle and 
the procedure repeated a total of five times. The collection bottle 
was then diluted to a volume of 500 ml. with lake surface water and 
preserved with 5% neutral formalin for later analysis. 

Semi-quantitative analyses of the zooplankton samples were made by 
· allowing the sample to settle for five minutes in a graduated cylinder 

and reading the volume in milliliters. Qualitative analysis under 
l00X magnification was made according to Biological Field and Labora
tory Methods for Measuring the Quality of Surface Waters and Effluents 
(EPA, 1973). The results were reported as relative frequency of genera 
in the field. 

Aquatic Vegetation: The aquat-ic .vegetation in Lake Pearl was located 
and mapped by slowly examining the entire littoral zone and inlet coves 
of the lake by boat. Where the bottom was not visible, it was 
semi-quantitatively dragged for aquatic plants. Identification for 
the most part was made in situ, except for a few samples which were 
taken back to the lab and identified according to Fasset (1957), 
Weldon et al. (1973), or Hotchkiss (1972). Some aquatic macrophytes 
could not be keyed to species because the plants were not in flower 
or fruit. 

Macroinvertebrates: Bottom invertebrate samples were collected at 
the deep hole station using a 6 x 6-inch Ekman dredge (0.25 sq, ft.), 
A total of four samples were taken, emptied into a bucket, and mixed; 
then a one-quart volume subsample was taken and put into a plastic 
container, sieved (#30 standard sieve), and "picked" within one week 
of collection and preserved in 70% ethyl alcohol for later identification. 

Bottom Sediment Cores: Bottom sediment core samples were collected at 
the deep hole station during the summer season (July or August) using a 
K.B. Design Core Sampler, heavy-duty model {Wildco No. 2400). The clear 
plastic liner (20 inches) containing the core sample was transported to 
the Lawrence Experiment Station for analysis. Surface and bottom sub
samples from the core were then analyzed for total phosphorus·, Kjeldahl-N, 
manganese, and iron according to Standard Methods (1971). 

14 
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IV. LAKE PEARL STUDY 

INTRODUCTION 

Lake Pearl (Whitings Pond) is located in Norfolk County within the Town of 
Wrentham. The lake has a surface area of 218 acres and a drainage area of 
7.56 square miles, including a portion of Franklin. Lake Archer, which 
has a surface area of 77 acres and a drainage area of 0.42 square miles, is 
adjacent to and drains into Lake Pearl (see Figure 1). There are two 
additional inlets to Lake Pearl, one on the south shore which is actually 
formed by the joining of two small, nnname<l brooks; and Uncas Brook, 
located in the northwest corner. The outlet is on the north shore of the 
lake and is known as Eagle Brook. Lake Pearl and its watershed form part 
of the southern boundary of the Upper Charles River watershed. 

Shoreline development around Lake Pearl is dense with about 130 dwellings. 
The houses are particularly thick and closely packed along the southern 
shore. There are several beaches on the lake, a public boat ramp near 
the Uncas Brook inlet, and a popular 35-acre private park with a ballroom, 
restaurant, and swimming facilities on the east shore. Lake Pearl enjoys 
multi-recreational uses which include fishing, boating, swimming, and 
picnicking. Common fish include largemouth bass, chain pickerel, bluegills, 
and pumpkinseed. 

This report follows a one-year water quality study of Lake Pearl from April 
1974 to April 1975 by the Division of Water Pollution Control, Water 
Quality Section. The objectives of this intensive survey were several: 

1. Estimation and characterization of the lake's trophic 
level and linmology; 

2. Data collection for the state's lake classification and 
restoration/preservation program in fulfilling the require
ments· of Section 314, PL92-500, of the Federal Lake Program; 

3. Satisfaction of the public demand for attention to lake problems. 

TOPOGRAPHY, SOILS, AND GEOLOGY 

The outlay of the land around Lake Pearl is typical of Central and Eastern 
Massachusetts, showing signs of repeated glaciation. The pre-glacial, 
maturely eroded rock surface has been considerably modified by glacial 
deposition. The topography is generally described as undulating to 
rolling and is composed of an uneven mass of bedrock covered with a 
mantle of till or outwash material deposited by the receding ice sheet or 
its melt waters. The area around Lake Pearl bas comparatively high 
elevations (400 feet above msl), as compared to the remainder of the 
Charles River Watershed, which generally lies below 250 feet above msl. 

The soils in the watershed are generally very stony, well drained, and 
shallow to bedrock. Other areas are stony and sandy with a hardpan 
layer in the subsoil. Three separate sand and gravel operations in the 
lake's watershed take advantage of the abundant sand and gravel deposits. 
One of these gravel pits is located along the southern inlet to the lake. 
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TABLE 1 

LAKE PEARL 

MORPHOMETRIC DATA 

Maximum Length 

Maximum Effective Length 

Maximum Width 

Maximum Effective Width 

Maximum Depth 

Mean Depth 

Mean Width 

Area 

Volume 

Shoreline (main basin) 

Development of Shoreline 

Development of Volume 

Mean to Maximum Depth Ratio 

Drainage Area - Lake Pearl 

Drainage Area- Lake Archer 

Surface Area - Lake Archer 

17 

4,600 feet 

4,600 feet 

3,450 feet 

3,450 feet 

35 feet 

12 feet 

2,064 feet 

218 acres 

2,630 acre feet 

20,620 feet 

1.89 

1.02 

.34 

7 .56 miles2 

0.42 1Diles2 

77 acres 



Several small swamps are interspersed throughout the watershed; and the soils, 
because of their texture and permeability, are subject to only minor 
erosion and sedimentation. 

The watershed has about 80% forest cover of mostly hardwood, dominated by 
oak. Farming is very scarce in the area, and there is only one known 
orchard located near the east shore of Lake Pearl. 

MORPHOMETRY 

A bathymetric map of Lake Pearl is presented J.n Figure 2. The lake has a 
surface area of 218 acres and includes two small islands, one of which has 
a house located on it. The lake is irregular in.shape with a maximum 
length of 4,600 feet and a maximum width of 3,450 feet. The deep hole is 
located west of the northern island and measures about 35 feet. The total 
volume of the lake is 2,630 acre feet, and the mean depth is 12 feet, The 
length of the shoreline is about 20,600 feet, and the development of shore
line is 1.89. Other morphometric data, including the surface and drainage 
area of Lake Archer, can be found in Table l. The water level of the lake 
is controlled by a dam at the outlet. 

CHEMICAL AND PHYSICAL DATA 

Lake Pearl and its inlets and outlet were sampled each month from April 
1974 to April 1975. The location of the sampling stations is shown in 
Figure 2. The temperature and dissolved oxygen data from Station l are 
presented in Table 2 and Figure 3, and the chemical data are presented in 
Tables 3-7. The results will be described in a general seasonal order 
followed by a discussion. 

Results 

Station 1: Following the vernal turnover in 1974, the lake water was 
warming and maintaining isothermic conditions. Strong and persistent 
winds during April and May 1974 kept the whole lake in circulation while 
the water column warmed considerably. During the April survey, the dis
solved oxygen in the water column was at or slightly above saturation 
and during May was just under 100% saturation except near the bottom, where 
a small loss was noticeable. 

The chemical data for this spring period prior to stratification showed 
well mixed conditions except, perhaps, for pH and ammonia-nitrogen. During 
April and May, the pH was slightly acid on the bottom, and during April 
there was more ammonia on the bottom than the top. The May survey revealed 
ammonia, nitrate, and total phosphorus present at about 0.06 mg/1, 0.2Lmg/l, 
and 0.04 mg/1, respectively. This would seem an adequate nutrient base for 
summer phytoplankton growth. Silica was also plentiful for diatom growth 
at around 1.1 mg/1. 

By June 20, the lake presented a completely different picture. It was 
strongly stratified and becoming anaerobic on the bottom. Ammonia-nitrogen 
and silica were concurrently building.up on the lake's bottom as the dis
solved oxygen disappeared. Phosphorus and nitrate-nitrogen did not show 
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any real differentiation between top and bottom and were present at 0.03 
and 0.2 mg/i. respectively. The pH was near neutrality from top to bottom, 
while alkalinity and ba.rdness remained generally unchanged. Alkalinity was, 
however, beginning to show a slight increase on the bottom during this period. 

On the July 23 survey, the deep hole station was mislocated at a 20-foot 
depth instead of the normal 35-foot depth. At this depth, the data barely 
showed stratification and did not show oxygen depletion on the bottom. 
None of the chemical parameters showed stratification either. The ammonia
and nitrate-nitrogen concentrations were interesting, however, in that 
both were undetectable CNH3 < 0.01 and .N03 < O. l mg/l). Total phosphorus 
was present at 0.04 mg/l. 

By August 13, Lake Pearl was at or= the height of its Sllllllller stagna
tion period. This is when the metal1mn1on closely occupies the center of 
gravity which brings about an increase in the general thermal stability of 
the lake. A thorough m:lx:lng by the wind at this point was no longer 
possible. It can be seen that the bottom of the lake was around 50°F. 
during August. Normally, the hypolimnion of a stratified lake in the 
temperate zone remains slightly above 39-400F (the temperature of maximum 
density). If, as was the case at Lake Pearl, changeable windy weather 
prevails in the spring, the whole water mass of the lake will gradually 
be warmed to the bottom before a resistant stratification can be formed. 
Because of this, the bottom temperature of a particular lake will not be 
the same 1n different years. In any event, the temperature profile (see 
Figure 3) in August possessed the sharply expressed characteristic form 
of a "typical" stratified lake. 

The dissolved oxygen profile presents a classical clinograde-type curve. 
That is, there is a decrease in the metalimnion and hypolimnion in a 
msnner which closely parallels the temperature curve. From 30 feet down, 
Lake Pearl was actually completely anaerobic. The epilimnioti was well 
oxygenated at about 7 .8 mg/l. The high value was 8.1 111g/l at 5 feet, which 
represented 87% saturation at 67.5°F. This certainly does not reflect 
intensive photosynthesis in the surface water despite an abundance of 
blue-green algae during August. The reason for this was that most of 
the blue-green algae were present as a mecal:lmnetic plate (Microcoleus sp.) 
well below the surface at 25 feet. This peculiar concentration of algae 
at 25 feet was also responsible for the anomalous increase in oxygen at 
that depth (see Figure 3). 

The chemical data collected in August showed nitrate-nitrogen present 
only in trace quantities (0.0l mg/1) except in the bypolimnion where the 
concentration was 0.43-mg/l. Total phosphorus was unchanged in the epi
limnion and metalimnion but appeared to be concentrating in the hypolimnion 
(0.05 mg/1). Under the anaerobic conditions found there, it was probably 
being released from the sediments. Silica was plentiful throughout the 
lake and was especially rich on the bottom at 6 •. 5 mg/1. The pB. in the 
lake was interesting in that it was lower than 7.0 in the three zones 
sampled on August 13. Normally the pH is somewhat elevated during the 
summer due to intensive photosynthesis. Copper was also analyzed for 
during August and found present in only trace amounts (0.01 mg/1). 



TABLE 2 

LAKE PEARL STUDY 

TEMPERATURE (OF) AND DO (mg/1) DATA 

1974 - 1975 

STATION _l __ - DEEP_J_!C>LE_ 

4-18-74 5-15-74 6-20-74 7-23-74* 
DEPTH 
(feet) TEMP DO TEMP DO TEMP DO TEMP DO 

Surface 48.0 59.0 9.9 71.5 8.3 73.0 8.4 

5 48.0 12.1 58.5 9.9 70.5 8.3 73.0 8.8 

10 47.5 58.0 9.8 70.0 8.5 72.5 8.5 

15 47.5 12. 0 58.0 61.5 8.5 71.5 8.1 

20 46.5 11.8 58.0 9.9 58.0 5.1 62.5 8.2 

25 46.5 11. 7 56.5 9.5 55.5 3.8 

30 46.5 11.7 55.5 9.4 52.5 1.1 

33 sr..o 52.5 

* Station mislocated this survey - max. depth only 20 feet. Not considered to 
reflect station No.1 conditions. 

8-13-74 9-26-74 10-23-74 11-25-74 
DEPTH 
(feet) TEMP DO TEMP DO TEMP DO TEMP DO 

Surface 68.5 7.8 57.5 8.2 45.0 10.5 44.0 11.5 

5 67.5 8.1 58.0 8.5 45.0 9.8 44.0 

10 67.0 7.9 58.S 8.6 45.0 10.2 44.0 11.4 

15 67.0 7.6 58.5 8.7 45.0 9.8 44.0 

20 62.0 4.8 58.5 8.4 45,0 9.2 43.0 11.3 

25 54.0 5.1 58.5 8.3 44.0 9.7 43.0 

30 51.0 o.o 52.5 7.9 44.0 9.6 43.0 11.2 

33 50.0 o.o 50.5 o.o 44.0 9.6 43.0 11.2 
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TABLE 2 (CONTINUED) 

12-16-74 2-11-75 3-18-75 4-15-75 
DEPTH 
(feet) TEMP DO TEMP DO TEMP DO TEMP DO 

Surface 40.0 12.9 34.0 38.0 14.0 43.0 12.4 

5 39.5 38.5 13.1 39.0 13.1 43.0 12.2 

10 39.5 12.7 38.5 . 13.1 39.5 13.4 43.0 12.1 

15 39.5 39.0 12.9 39.5 13.3 42.0 12.1 

20 39.5 12.9 39.5 12.9 39.5 13.3 42.0 12.1 

25 39.5 39.5 12.8 39.5 13.0 41.5 12.0 

30 40.0 12.9 40.0 12.0 39.5 13.4 41.5 12.0 

33 40.0 40.0 11.1 41.0 

22 



STATION 1-- DEEP-HOLE ~---------
01sso1.vEo OXYGE:N (mg 111 

2 6 10 14 18 2 6 10 14 18 2 6 10 14 18 

st---i--t-nH-+--tr+-+-+--+--+-+++-++-iH-+-+-+-+-+-1-++-ll-+-1--1-++-+--I 
I 
I Te, p. -

j I ./ 

15'1--+--II-H+-t---l'--t-+-+-+-l-++-+-H'4-H--+-l-1-+--I-I-+-+-!'- ·1-.f,,,!!~::J...--l--l-l--....! 
; .,.,4 ' f--1 0 • 

. I ' ,. I 
25.-t-+-+-+H--t~l-l-t-+--+-+-+-+-4-~;l++--l--1---1--l--l~.-..:i.--1--1---1t--l--l---l--L---L--I 

I I 
I ,: 

35t--H-+-+-+-+-H-+--1---l-+-HH--4--+-+-+--l--+-1---l---l--1--l-~I...J..-+-i~---1---I 
Muy 15, 1174 June 20; 97 APFil 18, 1974 

i I 
5t-+-+-+-+H '-+-+-+*-+-l--+-+-+-4-1--l--+++-+-l--1-t-l-l-l~-44-l--l--l--l.-l I • l 

I I 

15-t-+-+--"l--i,---ll-+-+-lil''-+-1--+-l----l-h,ll_l---l--\.i~--l--1---1---l--l---+-4!!--4--1-l---l---l-4--l-.l 
• I , - I 

1./ I ~ I 

25,r++++++c±-+-+--l--lhf--6-L\, f--+.....lf..v-J..-+-+-+-l-~1-J.--1---1-~;..•' -l-,~-+--1--1--1-......1 
Stoti;n misl~coteq ~ Oepll) ooly 20~ /' 1.--- / , LI 

August 13, 1974 'September 26, 19 74 -
' . ' 

~ 5 ! t 
a. t-"t:--+--ll-t-~-t--t-t-t-+--ll-+-+-ll--l-H+-+-+-l-1--1--l-ll-+-l--l-ih':-1---1-1--I---I 
IJJ I I I 
0 • ~ 

l I 

15t-+-t-tl-+-.+-+-t-l-+-+--lc--l--l---11---l-~'+-+-l--!-l---1--1--ll---1---l--l---l~':-1--l-1---1----I , . . 
f • : 
\ 1' : 

25•-t-+-t--lf-t-;J'l-+-+-+--+-l--l ·1-+-+l--l---ll--µ4---+--1---l--1---l---l.......l~+-1:.--l-1-Ll-'.......ll---1--1--1 I I I 
• • ! 
f I 

35•-t-+-~-+-+-dc-tJI 1--1-+-t--+-+-+--+--l~l--+-±-'!++-l--l-+--l--l-.---b-k---bd-b-l---l---l---l~-I 
Nov.;,,ber 25, 19i4 1 Oece;,,ber 16, 1974 October 23, 1974 r - ,--

",_ I • 
:it--+-4-t-+-+++t-l-+-+-11--l-'ll---+-l-l--.J.....jf-l..-\--!-l---1--I--J..-..l'+-1--1--1.1-1---1-+-4--.I 

I I I 

t -t--¾'t-++-t-l-f+-+-+-;f-+-+-!--lf-+-+-+--1-1-1--~-+--ll--l----+-.;'. I •• t-+---t--ff-l-t-+--+--1 

15 I ! 

I 

25,t-+-+--+---l'--~-l+++-+-1--1--l-+-l--1-1-l-l--l--l--1---+-ll--l-...j'l-i.' · ...... -i-1c__1-,j_-l--l----l---l 
I 
I 

35'-f--J--,+--+--l--l-l'-l,:-+++--+--I'---+.,..- -+-,4,.d-,,...,J,...J..+-+-1--+-ll-1--IL
1

;-+.,d.-l:d-+-+-l---l-l 
April 15

1 
j9'75 - -Februory u, 1974 

35 
T . 

45 55 65 75 ' 
35 45 

. 
55 65 75 35 45 55 65 75 

TEMPERATURE (°F) 

TEMPERATURE AND OXYGEN PROFILE 
FIGURE 3 



The September 26 survey showed that the autumnal partial circulation 
process was underway with complete turnover not far off (see Figure 3). 
The temperature profile showed that, since the August survey, the loss in 
heat was greater than the intake, which meant the breakdown of thermal 
stratification had begun. The thennocline had sunk to around the 28-foot 
depth with the difference between the top and bottom less than 10°F. The 
dissolved oxygen was fairly constant from the surface to 30 feet at 
8.4 mg/1 (80% saturation) but dramatically dropped to zero at 33 feet. 

The pH of the lake was at or just above neutrality. The distribution of 
the macronutrients was unchanged but for the increased concentration of 
ammonia-nitrogen and total phosphorus on the bottom to 1.20 and 0.08 mg/1, 
respectively. Iron and manganese were analyzed for the first time during 
September (see Table 3) and were found present with high concentrations in 
the anaerobic hypolimnion. According to Ruttner (1953), there are four 
conditions which favor the dissolution of iron: (1) nearly zero dis-
solved oxygen; (2) adequate carbon dioxide present; (3) pH less than 7.5; 
and (4) the presence of organic substances arising from decomposition which 
can reduce ferric hydroxide. In Lake Pearl, with the oxygen content zero, 
all four conditions for the reduction of ferric hydroxide and the solution 
of ferrous bicarbonate were realized. Because manganese and iron are 
closely allied in their chemical properties, they react similarly although 
there is usually less manganese than iron found on the lake's bottom. Phos
phorus is often tied up in some ferric hydroxide complex in the presence of 
dissolved oxygen. With the disappearance of oxygen and the reduction of iron 
to a soluble form, the phosphorus is likewise liberated and free to enter 
the water column. In this way, then, phosphorus, iron, and manganese 
accumulated in the hypolimnion during the summer stagnation and autumnal 
partial circulation periods. It might be pointed out that 10 mg/1 of iron 
is quite high, the normal accumulation in temperate lakes being less than 
5 mg/1. The 0.10 mg/1 iron in the epilimnion was also high and probably 
due to the less than 7.5 pH. 

By October 23, fall turnover bad occurred and the lake was undergoing 
autumnal circulation (see Figure 3). The temperature was nearly constant 
(isotheriny) from top to bottom at 4S°F, and dissolved oxygen was plentiful 
at all levels. Complete mixing of the water body was evidenced by the 
chemical data (see Table 3). Every parameter measured was the same or very 
nearly so in the epilimnion and hypolimnion. Nitrate appeared in the water 
in low concentrations as a result of the oxidation of the accumulated 
uterials on the bottom. Total alkalinity was somewhat lower and hardness 
somewhat higher than usual. 

The duration of the fall turnover depends on meteorological conditions as 
well as on the depth of the lake. The greater the mass of the water to be 
cooled, the longer the cooling process will continue until ice formation. 
For example, in the large, deep lakes of the Alps, the period of circula
tion and cooling usually continues through the whole of winter with freezing 
seldom occurring. With New England lakes in general and Lake Pearl in 
particular, however, the whole volume of water from top to bottom is sooner 
or later cooled to 39-40°F, the temperature of maximum density for water. 
Further cooling is limited to the surface waters, since water below 39-40°F 
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PARAMETER 

pH 

Total Alkalinity 

Total Hardness 

Ammonia-Nitrogen 

Nitrate-Nitrogen 

Total Phosphorus 

Silica 

Conductivity 
(micromhos/cm) 

Chloride 

Sulfate 

Color. 

Iron 

Manganese 

Copper 

EPI* 

7.3 

14 

30 

0.00 

0.3 

0.01 

* Epilimnion - Below surface 
* Thermocline _ Mid thermocline 
* Hypoliomion - Above bottom 

• 

TABLE 3 

LAKE PEAfU, STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/1) 

STATION 1 - DEEP HOLE 

4-18-74 5-15-74 
THERMO* HYPO* EPI THERMO HYPO EPI 

6.8 7.4 6.8 6.7 7.1 

14 23 15 15 15 

30 30 27 28 32 

0.12 0.04 0.07 0.06 o.oo 
0,3 0.2 0.2 0.2 0.2 

o.oo 0.04 0.03 0,04 0.02 

1.2 0,8 1,2 0.8 

144 

6-20-74 7-23-74 
THERMO HYPO EPI THERM) HYPO 

7.2 6.9 7.2 7,5 7.1 

16 21 18 17 17 

30 32 31 31 31 

0.01 o. 40 o.oo 0,00 0.00 

0,2 O.l o.o o.o o~o 

0.02 0.04 0.04 0.04 0.04 

0.5 3,2 1.4 1, 4 1.2 

142 146 124 130 130 



TABLE 3 (CONTINUED) 

8-13-74 9-26-74 10-23-74 11-25-74 
PARAMETER EPI* THERMO* HYPO* EPI THERMO HYPO EPI THERMO HYPO EPI THERMO HYPO 

pH 6.8 6.9 6.8 7.2 7.2 7,0 7.2 7.2 6,9 6.9 

Total Alkalinity 20 18 28 18 19 37 12 12 15 15 

Total Hardness 33 35 35 33 33 38 43 43 33 33 

Ammonia-Nitrogen 0.01 0,01 0.43 0.01 0.02 1.20 0.01 0.01 0,00 o.oo 
Nitrate-Nitrogen o.o o.o o.o o.o o.o o.o 0,1 0.1 0.1 0,1 

Total Phosphorus 0,02 0.03 0.05 0.01 0.02 0.08 0.00 0.02 0.02 0,02 

Silica 3.3 4,0 6.5 3.1 3.0 6.0 2,8 2.9 2,6 2.6 

Conductivity 144 148 150 130 128 142 160 142 124 120 
_, (micromhos/cm) 
" 

Chloride 25 26 

Sulfate 

Color 

Iron 0, 10 0, 15 10.00 0.05 0.05 

Manganese 0.03 0.05 1.40 

Copper 0.01 o.oo 0.01 



TABLE 3 ( CONT.INUED) 

12-16-74 2-11-75 3-18-75 4-15-75 
PARAMETER EPI* THERMO* HYPO EPI THERMO HYPO EPl THERMO HYPO EPI THERMO HYPO 

pH 7,1 7,1 6,8 6,7 7,0 6,9 7.0 7.0 

Total Alkalinity 17 15 14 14 13. 13 13 13 

Total Hardness 31 34 35 33 30 29 32 29 

Ammonia-Nitrogen 0,00 o.oo 0,00 0,00 0,01 0,02 0,00 o.oo 

Nitrate-Nitrogen 0,2 0.1 0.4 0.3 0.3 0,3 0,3 0.3 

Total Phosphorus 0.02 0,01 0.05 0.02 0.02 0,02 0.02 0.02 

Silica 2.8 2.8 3.7 3.6 3.4 3.2 2.0 2.1 

Conductivity 160 150 140 140 150 140 134 134 
..., (nricromhos/cm) 
.... 

Chloride 25 23 26 26 29 26 25 25 

Sulfate 12 11 11 11 10 11 

Color 18 15 

Iron 0.04 0,05 

Manganese 0,00 0.01 --
Copper 
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is lighter and hence remains at the surface. 

In Lake Pearl, the fall circulation period persisted to around the end of 
December-beginning of January. During this period (October-January), the 
lake water showed good oxygenation under isothermal conditions. As the 
water cooled, the dissolved oxygen content increased, since colder water 
can contain more dissolved oxygen. The chemical data revealed well mixed 
conditions during the fall circulation period (Table 3). The nutrient 
content of the water remained low with very little variation from top to 
bottom. Chloride was analyzed for in November and December and measured 
about 25 mg/1 in the lake. Iron remained constant at around 0.05 mg/1, 
while manganese was barely detectable. Ice finally formed over the lake 
sometime during late December-early January. Conditions during January 
were unsafe, however, and prevented the collection of samples during that 
month. 

During February 11, samples were collected from under 4¼ inches of ice 
covered by 2 inches of slush and 6 inches of snow cover. Ice cover on the 
lake was not much more than a month old. Figure 3 shows the typical inverse 
stratification of a temperate lake under ice. The temperature was near 
32°F just under the ice and quickly rose to 39-40°F for the remainder of 
the distance to the bottom. The dissolved oxygen data, also shown in Figure 3, 
indicated some loss from the bottom of the lake. The difference between top 
and bottom was 2 mg/1, and although not critical at the time, did demon
strate an oxygen demand from the sediments. The chemical data varied 
little from top to bottom except for total phosphorus, which was higher 
(0.05 mg/1) at the top than at the bottom (0.02 mg/1). Ammonia-nitrogen 
was undetectable (as it was in November and December), and the pH was 
rather low at 6.8. It should be noted that 0.4 mg/1 of nitrate and 0,05 
mg/1 of phosphorus were rather high values, although biological activity 
and hence utilization would be minimal at this time. According to 
Russell-Hunter (1970), however, the most generally accepted biological 
classifications of lakes are based on the mid-winter amounts of and 
recycling rates of inorganic plant nutrients in their waters. This would 
place Lake Pearl in a high trophic level category. 

lee out was nearly complete by March 18, when the next survey was con
ducted. Such an early ice out was due to the very mild winter of 1974-75. 
Only small patches of ice with¼-½ inch thickness remained, At this 
time, the lake was poised for the spring turnover which may, in fact, have 
been already underway. The temperature data (Figure 3) showed isothermal 
conditions, and the dissolved oxygen data was high at all depths. At 30 
feet, the oxygen content had increased 1.4 mg/1 since February, which 
could have only been caused by circulation (or possibly an underwater 
spring, although there was no other supporting data for this). It is 
thus probable that the spring turnover was underway. 

Ammonia-nitrogen reappeared in the lake water, and further evidence of cir
culation was the uniform concentrations of nitrate-nitrogen and total 
phosphorus from top to bottom. The pH of the lake water had risen to 7.0 
at the surface and 6.9 on the bottom. The remaining water quality parameters 
were unchanged by any significant amourit. 

By April 15, the last survey in the Lake Pearl study, the water column was 
warmed to around 42°F with only a 3-degree difference from surface to bottom, 



TABLE 4 

LAKE PEARL STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/1) 

STATION 2 - INLET {UNCAS BROOK) 

PARAMETER 5-15-74 6-20-74 9-26-74 10-23-74 11-25-74 12-16-74 2-11-75 3-18-75 4-15-75 

pH 6.7 6.9 7.2 6.6 6.7 6.1 6.3 6,5 6.6 

Total Alkalinity 11 15 10 7 12 13 9 9 9 

Total Hardness 27 26 34 31 30 25 27 24 24 

Ammonia-Nitrogen 0.05 0.03 0.00 o.oo o.oo 0,08 o.oo o.oo o.oo 

Nitrate-Nitrogen 0.2 0.3 0.3 0.4 0.6 0.7 0.8 0.5 0,4 

Total Phosphorus 0.04 o. 11 0.02 0.02 0.02 0.01 0.02 0.02 0.03 

"' "' 
Silica 1.4 8,8 6.7 7.0 7.8 0,8 7. 1 5.5 4.4 

Conductivity 104 108 114 98 120 106 120 90 
{micromhos / cm) 

Chloride 16 14 16 20 14 

Sulfate 14 13 12 

Color 20 

Iron 0,25 0, 12 

Manganese 0.01 

• 



TABLE 5 

LAKE PEARL STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/1) 

STATION 3 - INLET (MEADOW BROOK) 

1974 - 1975 -
PARAMETER 5-15 6-20 7-23 8-13 9-26 10-23 11-25 12-16 2-11 3-18 4-15 

pH 6.6 6.9 7.6 6.2 7,2 7.0 6.7 7.3 6.4 6,6 6.6 

Total Alkalinity 12 15 17 20 19 6 13 15 6 10 11 

Total Hardness 25 32 33 31 28 34 31 31 34 26 31 

Ammonia-Nitrogen 0,03 0,04 0.04 o.oo 0,03 o.oo o.oo 0,0•1 0.02 0.02 o.oo 

Nitrate-Nitrogen 0.5 0,2 O.l 0.5 0.7 0.2 l.O 0.1 1.3 1.0 0.9 

Total Phosphorus 0.04 0.08 0.06 0.05 0.02 o.oo 0.02 0.01 0.01 0.02 0.02 

Silica 4.3 5.0 3.9 6.2 4.4 7.4 7.6 7.0 5.1 4.2 

Conductivity 170 155 98 150 104 130 165 165 134 
(micromhos / cm) 

Chloride 16 19 32 29 25 

Sulfate 14 13 11 

Color 12 

Iron 0.15 0.10 

Manganese o.oo 



TABLE 6 

LAKE PEARL STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/l) 

STATION 4 - INLET FROM LAKE ARCHER 

1974 - 1975 -
PARAMETER 6-20 7-23 8-13 9-26 10-23 11-25 12-16 2-U 3-18 4-15 

pH 7,0 7.8 6,4 6,9 6,3 6.4 6.9 6.8 6.9 6.9 

Total Alkalinity 21 32 43 16 16 23 17 18 17 17 

Total Hardness 29 31 36 31 34 34 29 28 28 29 

Ammonia-Nitrogen o. 19 1,80 4,70 0.10 0,24 0,30 0.01 0,01 0.05 0,01 

Nitrate-Nitrogen 0.1 o. 1 0,2 o.o o.o 0,0 1.0 0.2 0.3 0,4 

Total Phosphorus 0.04 0.08 0,20 0,03 0,03 0,05 0,01 0,02 0,03 0,02 

w Silica 0.9 5,2 2.2 7,0 7.3 6.9 0.7 0.9 1.0 >---

Conductivity 165 160 136 160 130 130 150 160 144 
(micromhos/ cm) 

Chloride 26 26 27 28 28 

Sulfate 9 11 11 

Color 15 

Iron 2,00 0.12 

Manganese 0,01 



The D.O. content of the water column was very close to 100% saturation from 
surface to bottom which meant well-lllixed conditions. In fact, nearly all 
the water quality parameters were equal from surface to bottom. Ammonia
nitrogen was less than 0.01 mg/1, nitrate was 0.3 mg/1, and total phosphorus 
0.02 mg/1. If warm, calm days were to follow this survey, Lake Pearl 
would begin to stratify and enter into its next annual cycle. 

Transparency at Station 1: Figure 4 and Table 8 show the secchi disc 
transparency measurements made at Station l during the Lake Pearl study. 
Generally, Lake Pearl had good transparency (especially during the fall 
months) with very little noticeable color. This is in marked contrast with 
most of Massachusetts' central and eastern lakes which have a high degree 
of color and, hence, low transparency {generally less than five feet). Even 
during the summer months, one can see the bottom under 10-12 feet of water. 
The general pattern follows the phytoplankton population fairly well. During 
May when the diatoms were at the highest number, the transparency reached 
a low of 8.5 feet, although there was also a high wind during that survey. 
During the summer productive months,the secchi disc readings were between 
10 and 12 feet. The transparency greatly improved during the fall period 
as the phytoplankton population died. During early spring of 1975, the 
transparency was very good but beginning to diminish with the onset of the 
spring diatom growth. 

Station 2 - Uncas Brook inlet: This brook originates in Uncas Pond which 
is both small (about 20 acres) and shallow; about 20 dwellings and a camp 
are located around it. It flows through mostly unpopulated territory until 
it nears Route 140, where it passes several residences and a golf course, 
after which it enters the northwest corner of Lake Pearl. Along the way, 
Uncas Brook passes through and drains about 100 acres of swamp, lending 
it a noticeable color. 

Uncas Brook inlet was sampled regularly from May 1974 to April 1975. The 
effect of the swampy area on the brook can easily be seen. pH was rarely 
above 7.0 and total alkalinity averaged 11 mg/1. Of the nutrients, nitrate
nitrogen was found to be high, with an average value of 0,5 mg/l, It is 
interesting to note the nitrate increased during late fall and winter when 
biological activity was minimal. During spring and summer, when biological 
utilization would increase, the nitrate concentration decreased. Phosphorus 
and ammonia-nitrogen were normally quite low. The chloride concentration 
remained fairly steady at around 15 mg/1, except for March when it reached 
20 mg/1. This increase may have been due to road salt runoff. Uncas 
Brook also carried a fairly healthy amount of iron, which is not unheard of 
in swamp drainage. The remaining water quality data are presented in Table 4. 

Station 3 - Meadow Brook inlet: This inlet is actually formed by the 
joining of two small brooks in the southern cove area of Lake Pearl. The 
brooks have several springs located along their course which ensure year
round flow. One of the brooks flows past several residences along West 
Street and Wampum Corner and also past a gravel pit before entering the 
cove area. The gravel pit was suspected of silting up the cove area, but 
observations di4 not indicate any adverse effects resulting from the gravel 
operation. The data from Meadow Brook inlet are presented in Table S. The 
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TABLE 7 

LAKE PEARL STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/1) 

STATION 5 - OUTLET (EAGLE BROOK) 

1974 - 1975 -
PARAMETER 5-15 6-20 7-23 8-13 9-26 10-23 11-25 12-16 2-11 3-18 4-15 

pH 7.5 7.2 7.3 6.5 7.3 7,2 7.0 7,3 6.7 6,8 7 .o 

Total Alkalinity 15 15 17 18 13 11 16 10 18 12 12 

Total Hardness 27 30 31 35 20 43 34 31 18 30 32 

Ammonia-Nitrogen o.os 0.01 o.oo 0,01 0,01 0.011. 0,00 0,00 0,00 0.01 o.oo 

Nitrate-Nitrogen 0.2 o, 2 o.o 0,0 o.o 0,1 0.1 0.1 0.4 0,3 0.3 

Total Phosphorus 0.03 0,01 O, Oll 0.03 0,01 0,0'..I· 0.02 0.00 0.02 0.02 0,01 

"' w 
Silica 1.4 0,9 1.3 2.6 2.6 1.9 4,0 3,0 2.0 

Conductivity 144 140 -- 132 140 122 130 134 142 130 
(micromhos/cm) 

Chloride 26 25 22 25 25 

Sulfate 10 10 10 

Color 12 

Iron o.os 0.05 

Manganese 0.00 



pH was often less than 7.0, as it was in Uncas Brook. Ammonia-nitrogen was 
not high, but the nitrate-nitrogen was high (average 0.8 mg/1). Total 
phosphorus was high during the summer months but dropped to background 
levels during the remainder of the survey. The chloride data showed wide 
variation during the five surveys in which it was analyzed. The high 
readings during February, March, and April may have been due to road 
salting. Iron was also noteworthy during November and December at 0.15 
and 0.10 mg/1, respectively. Other water quality data are included in· 
Table 5. 

Station 4 - Inlet from Lake Archer: This inlet comes directly from Lake 
Archer, travelling half the distance (about 0.1 mile) underground where a 
recreational park is located. Although water quality data from Lake Archer 
were not collected, the lake itself has very dense housing around three 
quarters of its periphery. Data from this inlet are presented in Table 6. 

The pH, except for two surveys, was under 7.0. The total alkalinity was 
not low, however, but rather consistent with Lake Pearl water. Ammonia
nitrogen was generally high and nitrate-nitrogen low except for December 
when it measured 1.0 mg/1. Total phosphorus was generally low but for 
three separate surveys when it was 0.05 mg/1 or higher, including 0.20 
mg/1 in August. The chloride concentration remained uniform from November 
through April. Iron was again high, with the November data showing 2.00 
mg/1. 

Station 5 - outlet: A dam and spillway form the outlet to the lake in the 
north end. It is not known to what extent the lake level is manipulated 
by boards at the dam. Data from the outlet are presented in Table 7. 

The epilimnion data from Station 1 and the data collected at the outlet 
were very similar and consistent. 

Discussion 

Lake Pearl in Wrentham is a moderately deep (35 feet), temperate lake. It 
thermally stratifies during the summer and undergoes two complete turn
overs, vernal and autumnal. During the height of the summer stagnation 
period the bottom hypolimnion becomes anaerobic with the concomitant 
release of various reduced chemical species from the bottom sediment (Fe, 
Mn, P, NH3, Si02, etc.). 

Lake Pearl appeared to have a lower than normal pH at times throughout the 
year. All three inlets contributed to this phenomenon. The total alkalinity 
of the lake was generally less than 20, which means it was not strongly 
buffered. 

Ammonia-nitrogen was low, often undetectable, in the epilimnion of the lake. 
From November through February, ammonia was undetectable (i.e., <0.01 mg/1) 
throughout the entire water column. Nitrate-nitrogen was present at about 
0.3 mg/1, except during the summer and early fall when it was present in 
only trace amounts. This trend was due most probably to biological utili
zation. Total phosphorus was generally present in the epilimnion in low 
concentrations (0.02 mg/1) and increased in the hypolimnion under anaerobic 
conditions. 
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DATE 

4/18/74 

5/15/74 

6/20/74 

7/23/74 

8/13/74 

9/26/74 

10/23/74 

11/25/74 

12/16/74 

2/11/75 

3/18/75 

4/15/75 

TABLE 8 

LAKE PEARL STUDY 

SECCHI DISC READINGS 

Station 1 

READING (feet) 

10.5 

8.5 

14.5 

12.0 

12.0 

10.0 

14.0 

15.0 

19.0 

ICE 

17.5 

15.5 

WEATHER 

Clear, sunny, slight breeze, 5-10 mph., 
not very choppy 

Clear, sunny, very windy, very turbulent 

Partly cloudy, slight breeze, 5-15 mph., 
choppy 

Clear, sunny, breeze at 5-10 mph. 

Clear, sunny, mostly calm, 0-5 mph. 

Mostly sunny, slight breeze, 0-5 mph., 
surface calm 

Mostly cloudy, slight breeze, 0-5 mph. 

Few clouds, sunny, slight breeze, 
0-5 mph. 

Overcast, wind building, choppy, 
10-15 mph. 

Calm, snow flurries 

Clear, sunny, calm 

Partly cloudy, hazy, calm 
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The inlets feeding into the lake were high in nitrate, especially Uncas 
Brook inlet. The inlet from Lake Archer often showed high ammonia-nitrogen, 
including 4.70 mg/1_ in August. With few exceptions, the total phosphorus 
content of the inlets was low. There were only minor fluxes in the chloride 
data indicating little impact from road salting, As previously mentioned, 
the pH of the three inlets was usually below 7.0. 

Lake Pearl showed very good secchi disc transparency during the study. 
During July and August when recreational use was highest, the transparency 
was 12 feet. The clarity of the lake water was a refreshing change from 
other Massachusetts lakes. 

BIOLOGICAL DATA 

Phytoplankton 

Late spring, summer, and autumn sampling for phytoplankton was conducted 
on Lake Pearl from May through November of 1974. The objective of this 
study was to determine the types and relative abundance of phytoplankton 
and the relationships these have on the water quality in the lake during 
this period. A complete taxonomic listing and relative abundance of the 
phytoplankton collected can be found in Table 9. The incidence of phyto
plankton assemblages is graphically represented in Figure 6, and their 
distribution is shown in Figure 5. In addition, the distribution of 
amorphous matter during the sampling period can be seen in Figure 7. 

The quantity and type of phytoplankton depend upon many factors, including 
sampling depth, time of day, season of the year, nutrient concentrations 
of the water, and the presence of toxic substances (e.g., algaecides). 
Also, physi·cal parameters of particular importance are data concerning 
currents, prevailing wind direction, water temperature, and light penetra
tion. Sunlight influences both the movements and primary production of 
phytoplankton. 

The total amount and kinds of phytoplankton vary seasonally. This is 
generally reflected by changes to the connnunity structure. Many of the 
factors which govern the seasonal distribution of phytoplankton also 
influence its diversity. __ Generally for temperate lalt~s._.._ther_e is a . 
gradual increase in the phytoplankton connnunity from the winter months, 
when light and water temperatures are at a minimum, through the 
spring. A peak production generally occurs by midsummer, when light 
and temperature are both at a maximum. Following this peak, there 
is a gradual decrease in the population through the autumn and the 
winter. 

There are often other factors influencing the seasonal variation of phyto
plankton in a lake ecosystem. Some of these include competition, 
parasitism, and predation. Abiotic and biotic factors, working together 
or separately in the lake environment, tend to provide conditions uniquely 
favorable to a particular phytoplankton assemblage. 

Phytoplankton connnunities in Lake Pearl were varied in both numbers and 
types collected from late spring to autumn during the study. The three 
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TABLE 9 

LAKE PEARL STUDY 

MICROSCOPIC EXAMINATION1 

Station l - Deep Hole 

ORGANISMS 5/15/74 6/20/74 7/23/74 8/13/74 2 9/26/74 10/23/74 11/25/74 3/18/75 

B'acillariophyceae (diatoms) 114 
Cyclotella sp. 16 5 5 
Fragilaria sp. --- 30 
Melosira sp. 52 
Nitzchia sp. 75 
Synedra sp. 16 10 
Tabellatia sp. 200 16 70 

SUBTOTAL 275 32 187 5 llO 

.., Cyanophyceae (blue-green algae) 
" Anabaena sp. 105 

Anacystis sp. 546 
Aphanizomenon sp. 47 
Microcoleus sp. 1,274 
Oscillatoria sp. 36 
Polycystis sp. 105 

SUBTOTAL 210 1,820 83 

Chlorophyceae (green algae) 32 10 
Ankistrodesmus sp. 20 5 5 
Chlorella sp. 21 
Coelastrum sp. 10 
Dictyosphaerium sp. 52 
Scenedesmus sp. 21 

1 Areal standard units (ASU) per milliliter. 
2special grab sample taken at the surface revealed an Anacystis sp. "bloom" occurring during the August survey. 



TABLE 9 (Continued) 

ORGANISMS 5/15/74 6/20/74 7/23/74 8/13/74 2 9/26/74 10/23/74 11/25/74 3/18/75 

(Chlorophyceae continued) 
Schroederia sp. 5 
S2haerocl'.stis sp. 11 

SUBTOTAL 20 89 37 """"IT 15 7o 

Mastigophora (flagellates) 5 
Mallomonas sp. 16 

SUBTOTAL 16 5 5 

Ciliophora (ciliates) 10 
Vorticella sp. 132 

SUBTOTAL N 7o 
w 
'° TOTAL 295 137 384 2,059 108 10 110 
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major groups of phytoplankton (diatoms, blue-green, and green algae) were 
represented in the lake. Blue-green algae were particularly abundant 
during the summer when water temperature and sunlight were favorable for 
maximum production. A relatively consistent and stable population of green 
algae were present throughout the sampling period. Diatoms were also 
relatively abundant. 

The late spring, summer, and autumn occurrences of phytoplankton in Lake 
Pearl appeared typical of that of a moderately deep New England temperate 
lake. The reduction of diatom production in late spring-early summer 
followed by the subsequent surge of blue-green algae during the mid-summer 
occurred. A good diversity of green algae was also present in the lake. 

Tabellaria sp. was the dominant diatom genera during late spring with a 
moderate number of Nitzchia sp. also present. Cyclotella sp. appeared 
during early summer with Tabellaria sp. still present. Diatom populations 
were completely absent in July; with Cyclotella sp., Melosira sp., and 
Synedra sp. appearing in August. Cyclotella sp. was the only genera 
reappearing during the September sampling. There were no diatoms collected 
in October and November. 

Anacystis sp. and Microcoleus sp. were the two dominant blue-green algae 
genera during the summer. During the height of summer stratification in 
August, Microcoleus sp. was particularly abundant in the metalimnion. Ana
cystis sp. was very visible and approached "bloom" conditions near the 
surface waters of the lake, floating in isolated colonies. Other blue
green algae, Anabaena sp. and Polycystis sp., were also abundant. A few 
types such as Aphanizomenon sp. and Oscillatoria sp. were much more limited 
in their distribution. 

During the spring and summer months, the green algae remained at a relatively 
constant number with a diverse number of genera. In June, the dominant 
green was Dictyosphaerium sp., with minimal numbers of Ankistrodesmus sp., 
Chlorella sp., and Sphaerocystis sp. The green algae population during July 
decreased with all but Ankistrodesmus sp. absent. Scenedesmus sp. and 
Schroederia sp. appeared during August and September. 

The associations of phytoplankton types in Lake Pearl varied considerably 
during the sampling period. Populations (particularly blue-green algae) 
reached their maximum levels of production during August when the combina
tion of favorable physical factors and available nutrient concentrations were 
optimum, A good diversity of diatoms and green algae were present through
out the spring and summer, with a very minimal number of greens occurring 
in October. Blue-green algae approached nuisance conditions during mid
summer. 

Zooplankton 

A semi-quantitative study of zooplankton populations was conducted in 
Lake Pearl from June through December of 1974. A description of sampling 
equipment and techniques is presented in the Methodology section of this 
report. The objective of this study was to determine the diversity, 
relative abundance, and distribution of taxonomic groups in Lake Pearl 



TABLE 10 

LAKE PEARL STUDY 

ZOOPLANKTON ANALYSIS! 

Station l - Deep Hole 

ORGANISMS 6/20/74 7/23/74 8/ 13/74 9/26/74 10[23£74 11[2504 12/1604 

Cladocera (water fleas) 
Bosmina sp. rare absent absent absent occasional common occasional 
Cerioda:ehnia sp. absent absent absent absent absent occasional absent 
Da:ehnia sp. connnon c.ommon common very common comm.on common 

common 
Sida sp. absent absent common absent absent occasional absent 

Copepoda (micro-crustaceans) 
Cyclo:es sp. conunon absent counnon rare common common CODllllOD 

Dia:etomus sp. very common very abundant very very very 
.... common common common common common 
"' 

Nauplius 2 
occasional occasional absent common connnon common rare 

Rotifera (rotifers) 
Kellicottia sp. absent absent absent absent t:are occasional common 
Keratella sp. . absent absent absent absent absent absent occasional 

Net Plankton 
Anabaena sp. A A A A p A A 
Anacystis sp. p A A A A A A 
Coelastrum sp. A p A A A A A 
Cyclotella sp. p p p A p A A 
Dinobryon sp. p A A A A A A 
Fragilaria sp. A A A p A A A 
Melosira sp. A A p A p A A 
Phacus sp. A A A p A A A 



TABLE 10 

ORGANISMS 6/20/74 7/23/74 

Polycystis sp. A p 
Scenedesmus sp. A A 
Staurastrum sp. A p 
Tabellaria sp. A A 

1Relative frequency of genus in field (percent): 

60-100 •••• abundant , 
30-60 •••••• very connnon 
5-30 •••••• common 
1-5 ••..•.• occasional 
1 • ...•.... rare 

2 Immature copepod stage. 

P • present 

A= absent 

(Continued) 

8/13/74 9/26/74 10/23/74 11/25/74 12/ 16/74 

p A A A A 
A A p A A 
A A A A A 
A A p A A 



during the summer and autumn. A complete taxonomic listing and relative 
abundance of the zooplankton collected can be found in Table 10. The 
distribution of these is graphically represented in Figure 8. 

The diversity and relative frequency of zooplankters depends upon many 
factors. Environmental conditions, water quality, a food source, and 
predation are some of these. Many of the planktonic crustacea are strainers, 
filtering out phytoplankton and bacteria by means of setae or combs on their 
thoracic appendages; while other zooplankters are predators, feeding upon 
other (generally smaller) zooplankton for their food source. 

Zooplankton constitute one of the chief trophic links between algae (and 
bacteria) and the fish that dominate the higher trophic levels of the lake 
ecosystem. Nearly all fish subsist on zooplankton shortly after they hatch 
and commence feeding. In general, large zooplankters are preferred to 
small ones, and cladocera are preferred to calanoid (e.g., Diaptomus sp.) 
copepods of the same visual size (Brooks, 1970). Cyclopoids are an 
intermediate choice. 

Since the crustacean herbivores have preferred food sources dependent on the 
size and type of plankton, each will have population shifts dependent on the 
population size of the other. 

A good diversity and relative abundance of zooplankton was found in Lake 
Pearl. A relatively abundant food source (primarily phytoplankton and 
organic matter) could account for this. Cladocerans (water fleas), copepods 
(micro-crustaceans), and rotifers were the major taxonomic groups collected 
in Lake Pearl during the study. Particularly abundant were representatives 
of the cladoceran group. Copepods were the sub-dominant zooplankters in 
the lake. 

Representative genera of cladocera included Bosmina sp., Ceriodaphnia sp., 
Daphnia sp., and Sida sp. Particularly common was Daphnia sp., which 
reached its highest population density in September. Algae and protozoa 
are its chief food source, along with organic matter and bacteria. Amorphous 
matter reached its highest concentration (7,280 ASU/ml) during this period. 
Bosmina sp. and Ceriodaphnia sp. were much less abundant, with the latter 
genera collected only during the November sampling. Apparently, the 
abundant numbers of Daphnia sp. had an adverse effect upon the relative 
densities of the other zooplankters. Interspecific competition among these 
genera resulted in one population (in this case, Daphnia sp.) completely 
dominating the others. Sida sp. was also very limited, being common in 
August and occasionally collected in November. Generally, in large bodies 
of water such as Lake Pearl, variations in the abundance of cladocera are 
not usually so pronounced. 

The copepod population of Lake Pearl was represented by Cyclops sp. and 
Diaptomus sp. The relative abundance of these two genera in Lake Pearl was 
generally stable. Diaptomus sp. was generally very common throughout the 
sampling period. These free-living copepods constitute an essential link 
in the aquatic food chain. They are an intermediate trophic level between 
bacteria, phytoplankton, and protozoans on the one hand, and small and large 
planktonic predators on the other. They are also of further importance as 
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intermediate hosts of parasites of higher vertebrates, particularly water
fowl and amphibians (Pennak, 1953). Population densities of Cyclops sp. 
were very scarce during July and September. Evidently, conditions for 
reproduction were more favorable during summer and early autumn, as evidenced 
by the relative numbers of Nauplius collected (July through October). 

Kellicottia sp. and Keratella sp., both rotifers, were only occasionally 
collected during the study. They reached their maximum population 
densities in December. 

Zooplankton populations in Lake Pearl were generally stable and diversified 
during the study period. Populations of Daphnia sp. and Diaptomus sp. 
were the most abundant £oms collected. The relative frequency of other 
zooplankters were more limited, with population shifts dependent upon 
each other. 

Macroinvertebrates 

Qualitative benthic sampling for 111acroinvertebrates was conducted at the 
deep hole station (profundal zone) in Lake Pearl during the 1974 sampling 
period. 

Bottom-dwelling organisms are an important link in the food chain of lakes. 
Most 111acroinvertebrates feed upon phytoplankton (generally as amorphous 
matter) and organic mud constituents and, in turn, are fed upon by many 
aquatic predators (e.g., higher vertebrates such as fish). 

Generally, in moderately deep inland lakes such as Lake Pearl, which develop 
a well-delineated stagnation zone during the summer months, bottom conditions 
in the profundal zone become distinctly less productive or suitable as 
habitat. The physio-chemical stratification in Lake Pearl had an adverse 
effect upon the distribution and abundance of benthic organisms during the 
summer and early autumn. 

The nature of the bottom region (profundal zone) had a selective influence 
on the quality of bottom fauna in Lake Pearl during the study period. The 
phantom midge fly larva (Chaoborus punctipennis) was the dominant macro
invertebrate collected. This species was able to maintain its respiration 
(and thus survive) at very low dissolved oxygen concentrations. According 
to Jonasson (in Eutrophication: Causes, Consequences and Correctives, 1969), 
this might be the ecological explanation of its existence because it 
migrates between the bottom, where it lives during the day, and the open 
water layers where it spends the night hours. Hydrostatic organs specifically 
adapted on their bodies allow these insect larvae to move about freely, where 
they migrate to the upper levels of the lake in order·to obtain oxygen. 
During these movements, they actively feed on microcrustacea, rotifers, and 
phytoplankton • 

.Another type of midge fly larva (Chironomus sp.) was also collected in Lake· 
Pearl during the study. This type, however, was far less numerous than 
Chaoborus sp. Chironomus sp. has the ability to utilize oxygen at very 
low concentrations (similar to Chaoborus sp.). Its blood contains hemo
globin, which aids in oxygen transport at very low oxygen concentrations 
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as were found in the profundal region of Lake Pearl. This adaptation to 
its environment allowed it to survive under oxygen-poor conditions. 

Conditions which limited the diversity and numbers of macroinvertebrates 
in Lake Pearl caused severe environmental stress. These conditions were 
brought about by a combination of many factors in the lake. The accumula
tion of muck (in the profundal zone), uniformly low temperatures and very 
low dissolved oxygen concentrations in the hypolimnion (particularly 
during summer stratification), and the possible presence of toxic sub
stances are some of these factors. Only anaerobic protista and specially 
adapted insect larvae (e.g., Chaoborus sp. and Chironomus sp.) were able 
to survive there. The dependence upon substrate type, respiratory 
adaptations, and utilization of food sources were factors determining 
community structure in the profundal zone of Lake Pearl. Both Chaoborus sp. 
and Chironomus sp. are generally associated with eutrophic lakes. 

Aquatic Vegetation 

A qualitative study of the aquatic macrophyton community was conducted 
in Lake Pearl during June, July, and August of 1974. Visual observations 
and the collection of all representative aquatic macrophytes in the lake 
were completed during this period. 

The functions which aquatic macrophytes play in the aquatic .environment 
are many •. Their relative frequency, dominance, and density are governed 
by water quality, substrate, and the morphological character of the lake 
basin. According to Welch (1963), it appears that the greater the develop
ment of the aquatic vegetation, the greater the biological productivity 
of a body of water. Lakes with shallow, gently sloping, large littoral 
areas will support a greater macrophyton community and, hence, greater 
production. 

In addition to their liinnological role, aquatic plants play an important 
role in the development and general life history of many species of wild
life, particularly waterfowl, marshbirds, shorebirds, and mammals. Also, 
aquatic vegetation serves as a food source, shelter, and protection for 
aquatic invertebrates and fish. Man often destroys many natural wildlife 
habitats by removing aquatic vegetation around a lake's shore. 

As can be seen in Figure 9, aquatic macrophytes were widely distributed 
and very abundant in Lake Pearl during the study. Four major cOD111unity 
types (rooted submerged, rooted emergent, rooted floating, and floating) 
were represented in the lake. Particularly heavy growths occurred in and 
around the Meadow Brook inlet area and in the northeastern cove near where 
the stream from Lake Archer enters the lake. 

Water milfoil (Myriophyllum sp.), pondweed (Potamogeton richardsonii and 
Potamogeton robinsii), and water marigold (Megalodonta beckii) were repre
sentatives of the rooted submerged macrophytes. These types were generally 
widespread throughout the shallow depths of the littoral zone. Although 
most types were interspersed among each other, there were dense communities 
of each type scattered throughout the lake. Particularly abundant communi
ties of P. richardsonii and P. robinsii occurred. These were generally 



restricted to the shallow northeastern cove where substrate and light 
penetration were particularly favorable for their growth. 

White water lily (Nymphaea sp.) and yellow water lily (Nuphar sp.) were 
representative types of the rooted floating-leaved aquatic macrophytes. 
These types generally occurred in the deeper waters of the outer littoral 
zone near the southern end of the lake. Another rooted floating species, 
water shield (Brasenia schreberi), was also present but with a much more 
limited distribution. 

Representative types of rooted emergent aquatic macrophyton species 
included arrowhead (Sagittaria sp.), cattails (TyPha sp.), and pickerel
weed (Pontederia sp.). Far less abundant and very restricted was sedge 
(Cyperus sp.) which occurred in the area near the stream from Lake Archer. 
Abundant growths of arrowhead occurred in the Meadow Brook area where 
substrate was very favorable for attachment. In addition to these types, 
duckweed (Lemna sp.), a floating type, was present; although this species 
was restricted to the quiet cove areas of the lake. 

Generally, Lake Pearl suffers from extensive and luxuriant growths of 
aquatic macrophytes in the shallow cove and inlet areas. Some heavy 
growths of pondweed and water marigold occur in the littoral regions also. 
In some sections of the lake, however, the bottom substrate consists of 
gravelly and stony material which is unsuitable for aquatic vegetation. 

Bottom Sediment Core 

A bottom sediment core was collected during August 1974 from the deep hole 
station in the manner described (see Methodology section). The following 
data resulted: 

Parameter 

Total Kjeldahl-N 

Total P 

Manganese 

Iron 

SEDIMENT CORE DATA (mg/kg) 

August 13, 1974 

Surface 20-inch depth 

12,000 13,000 

250 100 

35 17 

3,500 1,400 

Although the total Kjeldahl-nitrogen was nearly the same at the two levels 
tested, there was more than double the phosphorus concentration in the 
surface sediments as at twenty inches. This may be indicative of increased 
phosphorus loading to the lake during the recent past. The manganese 
content of the lake sediments was quite low as compared to other lakes 
tested in Massachusetts. The iron concentration in the surface sediments 
was more than twice that at 20 inches. As was mentioned in the chemical 
discussion, total P, iron, and manganese enter the water colunm during late 
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swumer under very low oxygen concentrations (i.e., reduced conditions). 
Lake sediments can be considered part of the dynamic trophic system of a 
lake and thus an important nutrient reserve. The change in the chemistry 
of the sediments brought about by cultural activities of man has affected 
the potential for release of nutrients. In an oligotrophic lake there 
exists adequate dissolved oxygen to maintain an oxidized microzone on the 
surface of the sediments. This microzone inhibits the passage of reduced 
chemical species (e.g., Mn, Fe, P, NH3) into the overlying water. When a 
lake becomes eutrophic, the dissolved oxygen in the hypolimnion disappears 
and along with it the oxidized microzone. Under such conditions, various 
macro- and micronutrients can enter the overlying water and eventually 
stimulate a lake's productivity. The beginning of this process is evident 
in Lake 'Pearl. 



V. CONCLUSIONS 

1. Lake Pearl is in the early eutrophic stage. Evidence for this includes 
a relatively rich nutrient .level (during midwinter), rapidly decaying 
organic ooze on the bottom, very reduced oxygen levels in the hypo
limnion during the swmner, the established presence of blue-green algae 
during mid-summer, and extensive aquatic vegetation in the littoral zone. 
Despite this, Lake Pearl water has very good clarity and continues to 
afford the lake residents and general public with very good recreational 
uses. 

2. The southeast cove, whole southern littoral zone, and southwestern 
corner experience dense aquatic vegetation growth during the summer. 
The remainder of the lake's perimeter is not so affected, apparently 
from lack of a suitable substrate. 

3. The inlets feeding into the lake were characterized by low pH and 
high nitrogen values. Uncas Brook in particular was high in nitrate
nitrogen. The sand and gravel operation along Meadow Brook was not 
observed to have any harmful effects on the water quality of Lake 
Pearl. 

RECOMMENDATIONS 

1. A sanitary survey should be undertaken around Lake Pearl to detect 
possible faulty subsurface disposal systems. Dwellings along the 
southern perimeter are low and close to the water level, backed by 
a steep hill. 

2. The inlets should be investigated as to the source of high nitrogen 
levels entering the lake. 

3. The Lake Archer-Lake Pearl situation should be taken into account in 
that whatever flows out of Lake Archer flows_ into Lake Pearl, forming 
a linked system. 
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DESCRIPTION OF TERMS 

MAXIMUM LENGTH: Length of line connecting two most remote extremities of 
lake. Represents true open-water length; does not cross any land other 
than islands. 

MAXIMUM EFFECTIVE LENGTH: Length of straight line connecting most remote 
extremities of lake along which wind and wave action occur without any kind 
of land interruption. Often identical with maximum length. 

MAXIMUM WIDTH: Length of straight line connecting most remote transverse 
extremities over water at right angles to maximum length axis. 

MAXIMUM EFFECTIVE WIDTH: Similar to maximum effective length only at 
right angles to it. 

MAXIMUM DEPTH: Maximum depth known for lake. 

MEAN DEPTH: Volume of lake divided by its surface area. 

MEAN WIDTH: Area of lake divided by maximum length. 

AREA: Refers to surface area of lake exclusive of islands. Determined by 
planimetry from outline of map. 

VOLUME: Determined by computing the volume of each horizontal stratum as 
limited by the several submerged contours on the bathymetric (hydrographic) 
map and taking the sum of the volumes of all such strata. 

SHORELINE: Length of lake's perimeter, measured from map with rotometer 
(map measurer). 

DEVELOPMENT OF SHORELINE: Degree of regularity or irregularity of shore
line expressed as index figure. It is the ratio of the length of the 
shoreline to the length of the circumference of a circle of an area equal 
to that of the lake. It cannot be less than unity. The quantity can be 
regarded as a measure of the potential effect of littoral processes on the 
lake. 

DEVELOPMENT OF VOLUME: Defined as the ratio of the volume of the lake to 
that of a cone of basal area equal to the lake's area and height equal to 
the maximum depth. 

MEAN DEPTH - MAXIMUM DEPTH RATIO: Mean depth divided by maximum depth. 
It serves as an index figure which indicates in general the character of the 
approach of basin shape to conical forms. 

LENTIC: Relating to still or calm water, as lakes or ponds. 

LOTIC: Relating to moving water, as rivers or streams. 
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EPILIMNION: The circulating, superficial layer of a lake or pond lying 
above the metalilllnion which does not exhibit thermal stratification. 

METALIMNION: The layer of water in a lake between the epilimnion and hypo
limnion in which the temperature exhibits the greates~ difference in a 
vertical direction • 

HYPOLIMNION: The deep layer of a lake lying below the metalimnion and 
removed from surface influences (i.e., not circulating). 

TBERMOCLINE: Coincident With metalilllnion; relates to lake zone with 
greatest temperature change in a vertical direction. 

CLINOGRADE: A stratification curve of temperature or of a chemical sub
stance in a lake that exhibits a uniform slope from the surface into deep 
water. 

ORTHOGRADE: A stratification curve for temperature or a chemical sub
stance in a lake which has a straight uniform course. 

HETEROGRADE: A stratification curve for temperature or a chemical sub
stance in a lake that exhibits a lion-uniform slope from top to bottom. 
It can be positive (metalimnetic maximum) or negative (metalimnetic 
m1n1mum). 

CULTURAL EUTROPHICATION: Enrichment or rapid increase in productivity of 
a body of water caused by man. It is an accelerated process as opposed to 
natural, slow aging of a body of water. Visual effects include nuisance 

_ algal blooms, ·.low transparency, extensive aquatic plant growth, loss of 
cold water fisheries due to oxygen depletion, and others. lt is caused by 
the rapid increase in nutrient additions to the lake. 

AQUATIC PLANTS: An aquatic can be defined as a vascular plant that germinates 
and grows With at least its base in the water and is large enough to be seen 
with the naked eye. The following three broad categories are recognized: 

1. EMERGENT: Those plants rooted at the bottom and projecting out of 
the water for part of their length. 
Examples: A=owhead (Sagittaria sp.) 

Pickerelweed (Poutederia sp.) 
2. FLOATING: Those which wholly or in part float on the surface of 

the water and usually do not project above it. 
Examples: Water shield (Brasenia sp.) 

Yellow water lily (Nuphar sp.) 
3. SUBMERGED: Those which are continuously submerged (except some

times for floating or emergent inflorescences). 
Examples: Bladderwort (Utricularia sp.) 

Pondweed (Potamogeton sp.) 

SESTON: All the particulate matter suspended in the·water. 

DIMICTIC LAKE: One with spring and fall tu movers ( temperate lakes). 

55 



SILICA: This substance (Si0 2) is necessary for diatom growth. The 
concentration of silica is often closely linked with the diatom popula
tion's growth. The limiting concentration is usually considered to 
be 0.5 mg/1. 
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APPENDIX A 

LAKE PEARL 

TEMPERATURE (°F) AND DISSOLVED OXYGEN (mg/1) CONCENTRATIONS 

Deep Hole Station 

8/17/51 8/15/74 9/5/75 
DEPTH (ft.) TEMP. D.O. TEMP. D.O. TEMP. D.O. • 

Surface 76 8.4 74 11.0 

1 76 8.0 

5 76 8.3 72 10.0 

10 75 8.0 70 9.0 

15 73 75 8.0 70 8.7 

16 71 7.2 70 7.5 

17 70 7.5 

18 70 5.2 70 1.0 

20 68 2.2 71 3.1 70 o.o 

25 62 Trace 66 o.o 

30 59 0.0 58 Trace 

Source! Massachusetts Division of Fisheries and Wildlife 
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DATE OF SURVEY 

April 18, 1974 

May 15, 1974 

June 20, 1974 

July 23, 1974 

August 13, 1974 

September 26, 1974 

October 23, 1974 

November 25, 1974 

December 16, 1974 

February 11, 1975 

March 18, 1975 

April 15, 1975 

APPENDIX B 

LAKE PEARL STUDY 

METEOROLOGICAL CONDITIONS! 

CLOUD COVER PRECIPITATION 

partly cloudy none 

clear none 

partly cloudy none 

partly cloudy none 

clear none 

high cirrus none 

overcast none 

high cirrus none 

overcast none 

overcast snow flurries 

clear none 

partly cloudy none 

l Actual field conditions, 
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