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Vertical distribution of limnetic copepods in relation
to the temporal variability of thermocline depth
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The thermocline depth of Lake Taal and its effect on the vertical migration patterns of two
limnetic copepod species during the intermediate monsoon season were investigated. Most
of the diel vertical migration patterns were normal. Reverse DVM, which was exhibited by
some adult copepods, was observed when wind speed changed during the sampling period.
Lake Taal started to exhibit atelomixis as the wind speed started to fluctuate. Diel vertical
migration of the copepods was affected by the prevailing atelomixis.
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INTRODUCTION
Lake stratification and vertical mixing patterns
have allowed researchers to determine species
abundance and turnover [1]. Thermocline depth,
as an indicator of stratification, varies depending
on the light and heat penetration from the sun,
according to the seasonal and non-seasonal
changes in weather conditions [2]. In the
Philippines, the monsoon seasons influence
weather conditions as manifested by shifts in
wind direction and the amount of rainfall that
can cause shifts in thermocline depth that result
to lake mixing. There are four known monsoon
seasons occurring in the Philippines — the
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northeast (December-March), southeast (AprilMay), southwest (June-September) and
intermediate (October-November) monsoons.
The variations in thermocline depth in relation
to the monsoons and their corresponding wind
and rain patterns have not been recorded for
Lake Taal, although Lewis [3] reported the
occurrence of atelomixis in relation to such
factors in Lake Lanao.
Atelomixis is a form of lake stratification that
indicates external factors such as the climate,
and internal factors such as the lake’s
biodiversity. Lewis [3] defined atelomixis as a
major increase in the thickness of the mixed layer
in response to non-seasonal weather changes
while the lake is stratified. He stated that the
features of heat distribution are partly due to a
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seasonal temperature minimum and nonseasonal weather changes. With the Philippines
being among the countries most vulnerable to
climate change, having cyclones, landslides,
floods, and droughts as its dominant hazards
[4], it is supposed to have undergone changes
in stratification and mixing patterns as well.
Copepods are most known to undergo extensive
migration patterns due to their need to find food,
avoid predators, and adapt according to their
temperature-dependent metabolic rates above
and below the thermocline [5]. Migration
because of visual predator avoidance is highly
influenced by light according to the diel cycle,
lunar cycle, cloud cover, and water turbidity. The
diel cycle causes zooplankton to descend in the
day and ascend at night. Ascension at night
varies according to the lunar cycle, as a full
moon would mean a relatively high level of
illumination, rendering larger zooplankton
vulnerable to predation [6], thus a lower
migration amplitude. Cloud cover and turbidity
caused by wind or rain can alter the intensity of
the light, whether from the sun or moon, that
reaches the lake which provides weak and
momentary concealment for large zooplankton
[7].
Arctodiaptomus dorsalis (Marsh, 1907) and
Thermocyclops crassus (Fischer, 1853) are the
two most common and dominant copepod
species inhabiting Lake Taal [8]. Of the two, A.
dorsalis is an invasive species that has driven
other calanoid species out of their native habitat.
It is also the largest copepod in Lake Taal [9].
Thermocyclops crassus, on the other hand, is a
cosmopolitan species, which is a raptorial feeder
that consumes larger blue-green algae as
observed in Lake George, Uganda [10]. This
species was observed in Lake Taal and found to
have dominated other species under Order
Cyclopodia [8, 11]. The dominance, abundance
and behavioral history of these two species
make them practical models for DVM
investigation. Migration patterns, though
common for zooplankton in any lake ecosystem,
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has not been fully investigated in Philippine
lakes, nor has it been analyzed thoroughly in
relation with thermocline depth. Taking this into
account, the researchers aimed to determine the
changes in thermocline depth in Lake Taal due
to atelomixis during the intermediate monsoon
season (October to November), and its
relationship with the distribution and diel vertical
migration patterns of the limnetic copepods A.
dorsalis and T. crassus.

EXPERIMENTAL
Study area. Sampling was conducted at the
eastern portion of the south basin of Lake Taal,
near the town of Kinalaglagan, Mataas na Kahoy,
Batangas, Philippines (Fig. 1). Lake Taal (13°55'–
14°05' N, 120°55'–121°105’E), is the third largest
lake in the Philippines. It is a meso to eutrophic
caldera lake with a surface area of 268 km² with
mean and maximum depths of 90.4 m and 198 m.
It was formed after a series of volcanic
explosions that separated the lake from the rest
of the South China Sea [12]. Lake volume is
21,426  106 m³ with a 682.8 km² catchment area
[13, 14]. It is home to the worlds’ lowest active
volcano which partially separates the north and
south basins of the lake. Lake water is neutral to
slightly alkaline with a pH that ranges from 7.2
to 8.9 with a high conductivity [12, 14, 15].

Figure 1. Map of Lake Taal showing the sampling
site. Inset map shows the location of Lake Taal
in the Philippines
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Sample collection. The zooplankton were
collected at 13°59’08.5"N 121°04’56.3"E at 12:00
noon and 12:00 midnight for two consecutive
days (November 8–9, 2014 — representing the
intermediate monsoon season) using a 38-L
Schindler-Patalas plankton trap. Zooplankton
were taken from the limnetic zone of the lake
with a maximum depth of 30 m. Samples were
collected at 5 m intervals from the deepest
portion of the lake (30 m) to subsurface (>0 m).
An 80 mm mesh size plankton net was used to
filter the trap’s contents.
Temperature loggers. The HOBO Pendant
Temperature/Light Data Loggers were used to
record the lake’s vertical temperature profile.
There were seven sensors attached to a 30 m
rope connected to a buoy. One sensor was
attached near the surface (at 0.5 m) while
succeeding sensors were located at 5 m
intervals. These sensors were deployed in the
south basin of the lake simultaneous with the
collection of zooplankton. After the sampling,
the data was collected from the loggers through
the software, HOBOware Pro. An optic USB base
station was used for the data transfer. The
temperature data was then compared to the
weather profile at that time according to records
taken by DOST-PAGASA.
Specimen processing. The collected
zooplankton were fixed in 70% ethanol (EtOH)
and stored in sample bottles. The collected
samples were processed after 10 days to ensure
that the fixative had taken effect. The samples
were then stained with 70% EtOH mixed with
Rose Bengal dye for easier identification of
specimen observed under the microscope.
Sample classification and counting. The
density of zooplankton was determined by
counting zooplankton in 1 mL Sedgewick-Rafter
sub samples [16]. Five replicates were counted
for every sample. The copepods observed were
identified to species level and corresponding
life stage as follows: A. dorsalis adult male, A.

dorsalis adult female, A. dorsalis copepodite,
A. dorsalis nauplii, T. crassus adult male, T.
crassus adult female, T. crassus copepodite, and
T. crassus nauplii. Cladocerans and rotifers
counted were classified as “others.” Counting
was done under low power objective.
Data analysis. DAI or the depth of average
individual was computed for noon and midnight.
This was then used to determine migration
amplitude (A) which is the difference between
the DAI of each species at noon and midnight.
Positive values are classified as positive DVM
which indicates upward migration, while
negative values were noted as negative DVM
or a downward migration. Difference in migration
amplitude will be tested between A. dorsalis and
T. crassus species using the two-sample
Kolmogorov-Smirnov (K-S) test. Percent
abundance (%Ab) per depth was determined.
All statistical tests were performed using the
PAST software Version 2.17 and all graphs were
generated with the use of SigmaPlot software
[5].

RESULTS
The temperature recorded in the two days of
sampling ranges from 27.5°C to 31.0°C with the
sampling site having a maximum depth of 30 m.
For both noon samplings, there were relatively
high temperatures from the surface to 5 m,
represented by a positive slope, which marked
the thermocline layer. The thermocline was not
as pronounced during the second day compared
to the first (Fig. 2). There was no thermocline
observed during midnight for both sampling
days. Furthermore, there were higher
temperatures noted for 30 m compared to the
surface; highest rainfall was recorded during
midnight of November 8, 2014 at 1.2 mm (Fig. 2).
The variations in the depth distribution of T.
crassus and A. dorsalis in the water column
during noon and midnight point to the
occurrence of diel vertical migration (DVM) as

13

Alonso IH at al.  Acta Manilana 67 (2019)

Figure 2. Thermocline depth data of Lake Taal (November 8-9, 2014)

most formed aggregations and moved closer to
the surface of the lake at night time and go back
to the deeper parts of the water column during
daytime. A comparison of mean population
depths using DAI values between the first and
second days together with an analysis of the
changes in the vertical temperature profile
revealed that mean population depths were
lower during the first day as compared to the
second, which coincided with the occurrence
of a steeper thermocline (Fig. 3). All life stages
of T. crassus had higher migration amplitudes
during the first day compared to the second day.
However, a more extreme pattern occurred for
the adult male T. crassus which showed positive
DVM during the first day but shifted to reverse
DVM for the second sampling day. Adult female
A. dorsalis exhibited negative migration
amplitudes for both days, but was notably more
intense during the first day (Fig. 4). Adult male
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and copepodite A. dorsalis both had positive
DVM but the second day migration amplitudes
were higher than the first day. These patterns of
vertical migration of both species had no
significant differences in both the November 8
(Two-sample K-S test, D = 0.75, p < 0.05) and
November 9 (Two-sample K-S test, D = 0.25, p <
0.05) sampling dates.
Lastly, the percentage distribution of the life
stages of A. dorsalis and T. crassus shows that
most of its life stages have higher densities in
the deeper portions of the water column during
noon followed by higher densities in the surface
waters. Some depth layers were unoccupied
during noon, which was especially noticeable
among adults of both species, which preferred
greater depths. During midnight, this pattern
changes as the adult copepods were found
nearer to the surface but were more distributed

Vertical distribution of limnetic copepods

Figure 3. Depth of Average Individual (DAI) of limnetic copepods in Lake Taal (—November 8, 2014
sampling, —November 9, 2014 sampling)

Figure 4. Migration Amplitude (A) of limnetic copepods per species and life stage (—November 8, 2014
sampling, —November 9, 2014 sampling)

across depths (Fig. 5). The differences in the
depth distribution among smaller life stages (i.e.
copepodites and nauplii) as well as the other
species counted were not as pronounced as the
adult T. crassus and A. dorsalis.

DISCUSSION
Except for the adult A. dorsalis males, both
species exhibited normal DVM as previously
defined [17] and takes advantage of the brief
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Figure 5. Percent Abundances (%Ab) of the different life stages of Thermocyclops crassus and Arctodiaptomus
dorsalis in different depth layers sampled. Open bars represent samples collected at noon while shaded bars
represent samples collected at midnight
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period when the surface water is still warm and
the light from the sun has disappeared [18].
Warmth and darkness allow zooplankton to
metabolize faster without the pressure from
visual feeders. At the onset of the full moon,
there is complete darkness for one to three hours
before the moon. Because of this period of
complete darkness, zooplankton ascends to the
surface and are suddenly exposed to predators
when the moon appears [19]. This study was
done on the days following the full moon at 9398% illumination. This typical behavior was
observed where copepods exhibited positive
diel migration, except for some adults. This
natural entrapment happens at a faster rate when
wind is stronger and a full moon is present,
eliminating warmth and darkness, which is not
ideal for plankton but ideal for predators like the
Sardinella tawilis which is a dominant
zooplanktivore in Lake Taal [13].
The upward shift in their DAI as a population
from November 8 to November 9, 2014 indicated
that the copepods did not seem to return to their
original noontime or nighttime depths due to
the increase in average wind speed from 4 m/s
to 5 m/s and the corresponding changes in the
thermocline depth during the two dates
mentioned above. Wind speed data recorded
every 3 h showed that wind speed during the
hours leading to noon of November 8 were
consistent at 5 m/s, while windspeed prior to
midnight fluctuated from 4 m/s to 2 m/s, which
coincided with the initial signs of atelomixis
formation. It continued to fluctuate from 2 m/s
to 4 m/s before noon of November 9 and lastly
from 5 m/s to 1 m/s before midnight. Our data
shows that atelomixis may not only be caused
by non-seasonal weather changes, but by the
abruptness of such changes happening within
a given period. Atelomixis forms as the mixed
layer thickens making it isothermic, a layer of
quasi-uniform temperature represented in Figure
4 by horizontal slopes [20] pushing the
thermocline downwards. According to [3], the

wind can cause the thermocline to go beyond
the 30 m depth.
The thermocline depth depends on the input of
solar radiation on surface water, and degree of
vertical mixing brought about by wind speed
and wave action. Since Lake Taal is a tropical
lake, there is a constant input of solar radiation
in the water surface all year round. The potential
influence of thermal vents as heat sources from
below, make the thermocline a permanent
feature, but its depth and position are highly
variable [3, 16].
Vertical heterogeneity of zooplankton is induced
by the light gradient on the lake. However, unlike
tropical Lake Taal, shallow temperate lakes like
Lake Vela in the Mediterranean, vertical
heterogeneity of zooplankton is not established
during autumn where water is in its turbid phase
[18], showing that light and turbidity can affect
zooplankton distribution. Another previous on
Lake Nagada, Papua New Guinea concluded that
responses to light stimuli depend on sex and
life stage [21]. Migration was said to be more
pronounced at the adult stage level, and in
females. This is parallel to the results of this
study on Lake Taal where the adult female A.
dorsalis and adult male T. crassus were observed
to have a negative DVM as their size might have
affected the response of these species to their
respective temperature-dependent metabolic
rates above and below the thermocline [5].
Adult females are also known to exhibit negative
phototaxis and are more sensitive to
environmental changes [22]. The A. dorsalis
adult female was consistent in its reverse
migration pattern because of its relatively large
size, as it is the largest copepod species in Lake
Taal [5] together with the fact that female
copepods are generally larger than males,
making them more visible to predators. Since
the study was done during a 93-96% full moon
with partial cloud cover, there is still illumination
on the lake to cause said negative migration as
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the zooplankton were driven to deeper and less
illuminated depths to avoid predation [6, 19].

Taal and their role in determining the behavioral
patterns among the organisms living in it.

Compared to the study of Battes and Momeu
[23] on Lake Stiucii in Romania where they
concluded that adult copepods showed normal
DVM from day to night with low migration
amplitudes and where the most important cause
for DVM being predation pressure, the adult
copepods of Lake Taal were found to exhibit a
reverse DVM even though the cause for the
migration is the same. The difference in DVM
direction would be due to the predation of
zooplankton by fish and Chaoborus larvae in
Lake Stiucii which are tactile predators that live
in the hypolimnetic layer.
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