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FIGURE 1b. VARIATION OF MUD/WATER RATIO WITH DEPTH FOR BARBADOES'P-OND
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The length of the l;ke is less than 500m and the width is only 200m. Simi-
lar to other ice-block depressions, Barbadoes is deep relative to its small area.
It has a maximum depth of 15m, and an average depth of 6.3m, with both values
being much greater than those found in lakes of a similar size that formed in
other ways, such as ox-bow lakes, beaver meadows, and impoundments. These depth
characteristics influence the water quality as is discussed below. Several mor-
phometric characteristics of the basin are summarized in Table 1.

Sediments

The nature of the sediments, or bottom deposits, is known only from surfi-
cial observations to date. Near-shore sediments are derived from the upland
surrounding the basin, and consist of coarse, clean outwash sand originally
deposited in the region at the end of the last glacial retreat. The bottom
contours of the basin suggest that the rate of erosion close to and deposition
in the pond have been accelerated along the northwest shore, although verifica-
tion of this would require an investigation of sediment cores.

Sediments at pond depths of 1 to 4m are overlain with coarse debris derived
from the uplands, such as pine needles, pine cones, alder "cones" and branches,
-and leaves from several kinds of angiosperm trees.— The sediments-in these re-
gions are a mix of sand, silt, and organic detritus.

The sediments at pond depths greater than 4m are typical lake deposits,
highly organic, and.comprised of silt-sized particles derived mainly from micro-
organisms produced within the lake (algae, invertebrates, bacteria) and from
wind-blown pollen and dust. .Such sediments are called ''gyttja'". Because of
the apparent age of the basin,‘such deep-water sediments may be extensive in

the region of the deep hole (Figure 1). Average sedimentation rates in basins
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Table 1

COMPARATIVE MORPHOMETRY]

Barbadoes Winnisquam
(Lower Sub-basin)
15.42. 740.13
6.24 - 299.53

49 .2 58.0

15.0° 17.7

20.5 18.4

6.25 5.6

13,775,325.0
390,125.34

3866 .9
1178.6
1.33

1599.49
487.5 -

. 685.49
208.94

419.97
128.0

132
NW-SE
0
100% sand
354 meadow or

cultivate
65% wooded

592,084,060 .24
16,766 ,839.30

32,000.0
9753.6 -
1.59

7750.0
2362.2

6000.0
~1828.8

4160.34
1268.01

291,655.0* --
482%
N-S*
g%

30% sand *
40% gravel
30% rock
5% swamp *
d  15% meadow or
cultivated
85% wooded

1 Data by planimetry and from WRRC & NHWSPCC,1974
* From Lake Winnisquam total basin

Newfound

4105.1
1661.29

182.0
55.47

65.0
19.81

11,620,575,695.1
329,101,549.0

104,544.0
31.865.01 .

30,096.0
9173.26-

12,144.0
3701.49

5941.92
1811.01
72,433.0

586
NNM-SSE
9

50% sand
50% rock

5% swamp

15% meadow or
Cultivated

85% wooded
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of this type are approximately 1 m/1000 years,vthus we can anticipate a deposit

as thick as 8m, and perhaps an additional thickness as a result of "slumping"
and re~deposition of sediments from shallower depths. Both the thickness and
quality of the deposits can be evaluated by core studies.

Physical-Chemical Water Characteristics

Barbadoes Pond sharply stratifies during the summer, with warm water near
the surface and colder water beneath (Figure 2), as is typical for deép lakes.
Generally, the shape of the temperature profile of a lake varies with lake sur-
face area, because wind influences thg degree of mixing of warm surficial water
with'cold underlying water. Late—summer profiles are contrasted in Figure 2
with Lake Winnisquam and Newfound Lake, both much larger than Barbadoes Pond.
Especially noticeable is the thin layer of warm water_or epilimnion in Barbadoes
(from surface to 4 meters) while the warm-water layer in the larger lakes is
apprpximately 10m deep. While surface temperatures of Barbadoes Pond may exceed
25°¢C in mid-summer, thevbottom water temperature never exceeds 6°C.

During two periods of the year (spring and fall), the water in Barbadoes
Pond mixes entirely from.surface to bottom. Thus, the lake is called "dimictic"
(two perioés of mixing each year) and "holomictic'" (complete mixing to the
bottom of the water columm).

As a consequence of the pattern of mixing and stratification during the
year, the profiles of several chemical parameters change with the season. During
the summer, dissolved gases and salts become concentrated at some depths and de-
pleted at others. In turn, the micro-organisms within the lake respond by
developing large populations where they caﬁ tolerate the water quality, and by

avoiding depths where the water quality does not permit growth or survival.
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FIGURE 2.

LATE SUMMER PROFILE OF TEMPERATURE WITH DEPTH FOR BARBADOES POND,
LAKE WINNISQUAM, AND NEWFOUND LAKE
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Only during periods of mixing can organisms and dissolved substances be found
uniformly distributed throughout the lake. Late-summer profiles of selected
dissolved substances reflect the thermal stratification at that time (Figure 3

and 4).

Dissolved oxygen, (02), is one of the most important dissolved substances

for aquatic life, and profiles of its concentration reveal much about the quality
and metabolism of a lake. The concentration of oxygen in Barbadoes Pond ranges
from O to 11 ppm during the Summer stratification. Maximal concentrations de-
velop in the warm water layer at a.depth of 2-3m where algae photosynthesis
occurs at the highest rate. Below a depth of approkimatelyA4 meters, the oxygen
is depletedffo less than 1 ppm, too low to sustain life for oxygen-requiring
organisms such as fish (which generally require 3-4 ppm 02) and microscopic algae
and invertebrates. .Thus, during the summer these organisms are restricted to the
upper'ém_or less in the oxygenated water of the lake. Only for short periods of
mixing (spring and fall):does oxygen penetrate to the bottom and allow the oxygen-
requiring organisms to survive;at”depth.’ The_preeence of anoxie'(lacking‘oxygen)
water in the hypolimnion (cold-water layer)-is fypice} of relatively productive -
lakes,.and is the result of respiration‘in the absence of photosynthesis.

Carbon dioxide, (COZ)’ is another dissolved gas; the concentration of which

varies inversely with that of oxygen. 02 is produced by photosynthesis and re-
duced by respiration; the reverse is true of COZ' The profile of CO2 (Figure 3)
illustrates that the gas is present in low concentration in the epilimnion and
increases downward through the hypolimmion reflecting the greater decomposition
in this region.

Hydrogen sulfide, (HZS) is a third dissolved gas which indicates qualitatively
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the nature of lake metaBolism. When the gas is present, oxygen is depleted or
absent. Also, dissolved heavy metals such as iron and calcium are depleted
(or protected by being attached to an organic molecule) as they form insoluble
sulfide precipitates. Specialized groups of lake bacteria which can both pro-
duce and consume HZS are found in the hypolimnion of lakes such as Barbadoes
Pond.

Tﬁe pH (an index of the concentration of hydrogen ion) of lake water is
acidic (less than 7) in soft-water lakes of low to moderate productivity. Such
is the case for Barbadoes and most New Hampshire lakes where little lime is
available in the bedrock or glacial till of the watersheds. In Barbadoes, the
range in pH is from 5.9 near the bottom to 6.2 at the surface(Figure 4). The
higher pH value at the surface probably indicates greater algae photosynthesis
in this layer. Within a lake, changes in pH are usually related to rates of
photosynthesis and respiration by the microscopic algae and invertebrates. Thus,

when O, is concentrated and CO, is depleted, the pH rises, and photosynthesis

2

can be the single cause of all three changes. Respiration along reverses all

2

three changes.

Alkalinity, which is an index of dissolved inorganic carbon as well as the
hydroxide ion, is typical of soft-water lakes, beingAlow in Barbadoes Pond
(7 to 30 ppm as QaCo3) (Figure 4). This reflects the absence of limestone in
the watershed.

Light penetration

The quantity and quality of sunlight within a lake is dependent upon the
light-absorbing qualities of the lake water. In turn, lake metabolism is depen-
dent upon the quantity and quality of light at depth. Barbadoes Pond has brown-

stained water due to the presence of dissolved organic acids (humic and fulvic
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acids). Thus, it would be calied "dystrophic“. The brown-stained water absorbs
sunlight rapidly so that penetration of sunlight is restricted (Figure 5) in
contrast to the sunlight penetration in clear-water lakes such as Winnisquam
and Newfound (which is the clearest lake in New Hampshire). While the dissolved
organic acids are responsible for most of the high rate of sunlight absorption,
suspended particles (living and dead) also contribute to the absorption in
Barbadoes Pond.

The depth at which the quantity of sunlight present is only 1 percent of
the surface intensity is generally regarded to be a good index of the lower
boundary of the photosynthetic zone in a lake. Thus, in Barbadoes Pond, the
production of food by the microscopic algae cannot occur much below 5m, in con-
trast to Winnisquam (6m) and Newfound (14m).

¢
BIOLOGICAL WATER CHARACTERISTICS

From the point of view of the lake user, the type and amount of organisms
present in lakes are much more important than the quality of sunlight and
quantity of dissolved substances, although the former are closely related to
the latter. Thus, one thinks of a "polluted" lake as having massive blooms of
algae which form surface mats and smell badly, or of having massive fish kills,
rather than having the large concentration of phosphorus and nitrogen, which
in fact may be responsible for the observable biological calamities. The major
groups of organisms in a lake are macrophytes (in near-shore, shallow water),
algae and bacteria attached to the macrophytes, phytoplankton and zooplankton,
(the microscopic plants and animals throughout the lake), the bacterioplankton,
and the benthos (algae, bacteria, and invertebrates living in the surficial

layers of the bottom deposits)., The lakes with the least productivity and the
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clearest water (e.g. Neﬁfound) have low conceﬁtrations of these organisms.
Lakes such as Barbadoes, with brown-stained water, have their productivity re-
duced by low light penetration, but may have an abundance of planktonic
organisms near the surface. Lakes of the highest productivity, which produce

"most polluted", usually have unstained

the most organisms and are often called
water along with an abundant supply of phosphorus and nitrogen (e.g. Winnisquam).
In Barbadoes Pond, the major "macrophyte' is alder, a bushy tree whose
roots survive well underwater, and many of which are host to nitrogen-fixing
bacteria‘(cf. legumes such as beans). Thus, the alders surrounding much of the
lake may be an important source of nitrogen. There are few other macrophytes
in Barbadoes because of both the brown-stained water and the steeply sloping
bottom. As the lake ages, the. bottom will gradually fill with more sediments,
until at some time (perhaps several centuries from now) much more extensive
development of aquatic macrophytes and their associated algae and bacteria will

occur.

The phytoplankton of Barbadoes Pond are typical of ice-block depression

basins ﬁhigh have a moderate loading of nutrients: production i§ moderate
(mesotrophic), and the dominant phytoplankton groups are microflagellates
(greens and cryptomonads) and blue-green algae. In late summer, "mini-blooms"
of these algae develop at the surface and are concentrated down-wind; the blue-

green algae present in the mini-blooms include Microcystis aeruginosa and

Anabaena planctonica, both of which are common in enriched lakes. The brown-

stained water restricts the algae to the upper 4m of the water column where
they are able to photosynthesize. The majority of phytoplankton cells are either
grazed by zooplankton or sink directly into the hypolimmion. 1In the first case,

they are converted in part to "fish-food", and in part to fecal material that



~68-~

sinks to the bottom. In the other case, theybare decomposed by bacteria in the
hypolimnion, which themselves may enter the food chain via the zooplankton, or
become part of the bottom sediments. A qualitative list of genera of phyto-
plankton is presented (Table 2).

The primary photosynthetic pigment of the microscopic algae is chlorophyll
a. Concentrations of this pigment indicate the level of productivity in a lake.
In Barbadoes Pond, the chlorophyll a concentration ranged from 5 to 10 micro-
grams/liter, a level which is typical of mesotrophic and dystrophic lakes. 1In
contrast, chlorophyll a in a clear lake such as Newfound is less than 2 micro-
grams/liter.

.The zooplankton, which feed on phytoplankton and bacterioplankton, and in
turn are fed upon by fish, are an important link in the food web between the
algae and man. In Barbadoes Pond, densities of herbivorous or algae-eating
zooplankton (Figure 6) are relatively high, especially when compared with the
values found in Newfound Lake. Concentrations of the iargest zooplankton genera
(e.g. Daphnia) were as high as 5 individuals/liter, which is typical of moderately-
enriched (ﬁesotrophic) lakes. These moderately high concentrations suggest that
an abundance of food is available for fish populations in Barbadoes Pond.

Since all of the zooplankton collected, with the exception of the predace-
ous phantom midge larva (Chaoborus), require oxygen, these forms are restricted
to the upper 4m of the lake., 1In contrast, the highly-oxygenated hypolimnion
water of Newfound Lake support zooplankton entirely to the bottom of the water
column. Chaoborus may tolerate the absence of oxygen for extended periods of
time, and therefore are found in the hypolimnion of Barbadoes Pond.

The fish of Barbadoes Pond were not investigated, nor were the organisms

of the benthos. Fishermen were observed frequenting the lake with occasional
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Table 2

RELATIVE PHYTOPLANKTON COUNTS

Barbadoes Pond

Genus Number Counted % of total counted
Staurastrum : 66 41.2
Coelosphaerium 39 24 .4
Peridinium 33 20.6
Cosmarium 8 5.0
Dinobryon - 6 3.8 .
Anabaena 5 3.1

~ Asterionella 2 1.2
- Tabellaria 1 0;6
60

Newfound Lake
Total numbers of species present much too low for reasonable counts.

Winnisquam Lake

Epilimnion (10m haul) Metalimnion (12m haul) Hypolimnion (14m haul)
Genus # % = Genus # %  Genus LA 1
Fragelaria 26 21.8 Ulothrix 29 23.8 Eudorina 67 28.4
Eudorina 19 16.0 - Asterionella 25 20.5 Fragelaria 35 14.8
Sphaerozosma 15 12.6 Eudorina 18 14.8 Asterionella. 33 14.0
Asterionella 14 11.8 Fragelaria 17 13.9 Dinobryon 27 11.4
Anabaena 10 8.4 Dinobryon 10 8.2 Sphaerozosma 23 9.7
-Ulothrix - 8 - 6.7 - Sphaerozosma--- 5 -4.1 - Anabaena 16 -~ 6.8
Microcystis 6 5.0 Anabaena 4 3.3 Staurastrum 12 5.1
Mallomonas 6 5.0 Coelosphaerium 3 2.4 Mallomonas 8 3.4
Staurastrum 5 4.2 Tabellaria 2 1.6 Synura ' 6 2.5
Tabellaria 5 4.2 Dictyosphaerium 2 1.6 Coelosphaerium 4 1.7
Sphaerocystis 1 <€1.0 Staurastrum 2 1.6 Tabellaria 2 <1.0
Coelosphaerium 1 <1.0 Gomphosphaerium 2 1.6 Gomphosphaerium 1 <0.5
Synura 1 <1.0 Synura 2 1.6 Ulothrix 1 <0.5
Ceratium .1 <1.0 Mallomonas 1 ¢1.0 Pediastrum 1 <0.5
Gomphosphaerium 1 < 1.0
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success. The best information on the recent fish population and stocking of

the lake can be obtained from the New Hampshire Division of Fish and Game.

{ SUMMARY

The physical, chemical, biological, and morphometric characteristics of
Barbadoes Pond all indicate that the small lake is moderately productive
(mesqtroBhic), and because of its great depth will remain so for several cen-
turies, unless present rates -of erésion or nutrient loading are accelerated.
Somewhat higher rates of erosion will reduce the time needed to extend the
shallow-water macrophyte community to the time when cat-tails and water-lilies
may become important. Higher rates of nutrient loading (phosphorus and nitro-
gen from sewage and storm runoff) will probably extend the duration and inten-
sity of the blue-green bloom which is now transient, and only visible when
concentrated by the wind.

The brown-stained water will restrict production by plankton in this dy-
strophic pond. Efforts to increase fish production by fertilization with

nutrients will probably be futile since only inedible blue-green algae are apt

to respond with greater growth rates, and since the depletion of oxygen in the
hypolimnion will b;come more extensive, further restricting the portion of the
lake inhabitable by fish.

On the other hand, efforts to reduce algae production by the addition of
algicides, for the purpose of increasing water clarity, would be only partially
| successful: - Use of the lake for swimming will be 1limited to a great extent by
&;’m‘, the persisgent brown-stain of dissolved organicbacids, unless the flushing rate
: - of water through the basin is increased, and the source water has a lower con-

centration of organic acids.





