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ZOOPLANKTONZOOPLANKTON CARCASSESCARCASSES::
Zooplankton sampling is an integral part of many estuarine monitoring
programs. Accurate census of the zooplankton community is critical for proper
understanding of secondary production and trophic processes in the pelagic
ecosystems, and the responses of plankton to environmental changes.
However, researchers routinely collect, preserve and count their samples
without knowledge of the vital state of the zooplankton; as a result, they tend
to overlook zooplankton mortality due to starvation, diseases, pollution,
harmful algal blooms and other environmental stresses. A few studies in the
literature show that non-consumptive mortality (mortality not due to predation)
can be significant at times, demonstrating the clear need for quantifying
zooplankton carcasses in natural samples (Fig. 1).

THETHE NEUTRALNEUTRAL REDRED METHODMETHOD::

THETHE CHESAPEAKECHESAPEAKE BAYBAY EXPERIENCEEXPERIENCE::
In field testing, slow (~1 knot) and gentle horizontal tows did not result in
significant cod-end mortality (Fig. 3).

Using the Neutral Red method in the summer of 2005, we found that on average
~29% of the copepods in the lower Chesapeake Bay were dead. Percent dead
copepods did not differ between horizontal tows and vertical tows, suggesting that
dead copepods were homogenously distributed in the water column.

In the summer of 2006 the amount of
dead copepods varied from 0 to 43%
along the entire bay (Fig. 4), with an
average of 18% of the populations
being dead.

Among the environmental parameters ONGOINGONGOING INVESTIGATIONSINVESTIGATIONS::
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Fig. 1. Literature reports of occurrence of
zooplankton carcasses (as percentages
of the total zooplankton).
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Fig. 4. Occurrence of copepod carcasses (Acartia
sp.) in Chesapeake Bay in summer 2006 based on
the Neutral Red staining method.

THE PROTOCOL:THE PROTOCOL:
Neutral RedNeutral Red

• Stock solution: 0.01 g per 1 ml DI water
• Application: 1.5 ml per 1 L sample volume
• For unusually high zooplankton abundance,
use a higher amount of stain

• Keep samples at ambient 
temperature (e.g. a water bath) 
in the dark during staining
• Let stain for 15 min.

• Concentrate samples on nylon 
mesh
• Rinse with filtered seawater to 
remove excess stain
• Samples can be kept in 
freezer for up to 3 months

Acid

• Thaw samples at room temp.
• Back rinse samples into counting 
chamber
• Acidify with a few drops of acid; 
acidic pH helps develop the color

• Color contrast best observed using 
dark field with dim illumination
• Live copepods are stained red; 
dead copepods are unstained

Fig. 3. Percent dead copepods recovered did not
change significantly with tow duration, indicating
that cod-end (artificial) mortality was negligible
(Linear regression; p = 0.33). There was also no
difference in percent dead copepod between a
filtering cod-end and a non-filtering cod-end (t-test;
p = 0.11).

Test for cod-end mortality

p = 0.331
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Some researchers identify zooplankton carcasses based on visible loss of
internal tissues (Fig. 2), which can be time consuming and difficult for large
scale field study.

We tested and refined the simple and inexpensive Neutral Red staining
method for separating live and dead copepods in natural samples. Live
copepods were stained red whereas dead copepods remained unstained (Fig.
3).

In laboratory testing, the staining results were not affected by the cause of
death, time of death, or staining time (Tables 1 & 2). When properly preserved,
stained individuals retained their color for up to 3 months.

g p
measured, only % water column
with low dissolved oxygen weakly
correlated with the percent dead
copepods (Fig. 5).

We also found that turbulence generated by boat motors increased % dead
copepods significantly (Fig. 6).

(1)Testing the effectiveness of the Neutral Red method for other
zooplankton groups.

(2)Testing the effectiveness of the Neutral Red method under
different environmental conditions.

(3)Monthly sampling of live/dead copepods in Chesapeake Bay.
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THETHE ANILINEANILINE BLUEBLUE METHODMETHOD::
The Neutral Red method does not work well in freshwater
environment. We are presently testing another method, the Aniline
Blue staining method, for freshwater zooplankton: Dead zooplankton
are stained blue, whereas live zooplankton remain unstained:

The Neutral Red and Aniline Blue methods are simple, safe and inexpensive,
and can be easily incorporated into routine sampling programs. We are
seeking researchers interested in collaboration. Our goal is to establish a
global data set on live/dead zooplankton abundance and distribution, both
marine and freshwater. If you are interested, please contact:
Dr. Kam W. Tang
Virginia Institute of Marine Science
PO Box 1346, Gloucester Point, VA 23062
phone: 804-684-7602
e-mail: kamtang@vims.edu

Fig. 2. This photo shows the difference between an intact and presumably live
copepod (right) and a dead copepod with missing internal tissues and visible
external wounds (right). (Haury et al. 1995)

Fig. 3. Appearance of Neutral Red-treated copepods (Acartia tonsa) under a
stereomicroscope with dark-field. Live copepod (L) is stained red; whereas dead
copepod (D) remains unstained. (Tang et al. 2006)

Table 1. Percent copepods stained by Neutral Red
under different killing methods and staining
durations. Untreated natural samples were used as
control. Numbers of copepods counted are given in
parentheses.

Table 2. Percent copepods stained by Neutral Red
after different death and staining durations. Numbers
of copepods counted are given in parentheses.

Statistics: No significant difference among
treatments or staining durations (2-way ANOVA on
arc-sine transformed data, p>0.05)

Statistics: No significant difference among treatments
(2-way ANOVA on arc-sine transformed data,
p>0.05)
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Fig. 5. Percent dead copepods (Acartia sp.) was
weakly correlated with % water column with low
oxygen (< 5 ppm) except for one outlier (green).
No correlation was found for chlorophyll, light
attenuation or turbidity.

Live copepod remained unstained.
Live cladoceran is stained in the 
gut, likely due to ingested food.

Dead copepod and cladoceran 
are stained blue.
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Fig. 6. We collected horizontal net tows inside
and outside of the wakes of passing motor
boats. Percent dead copepods was significantly
higher inside the wakes (paired t-test; p < 0.05),
indicating that turbulence generated by motor
boats may cause copepod mortality.
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