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USE OF A SIMPLE WATER COLUMN SAMPLER 
TO MONITOR CHEMICAL AND BIOLOGICAL 

CONDITIONS IN SHALLOW WATERS 

MARSH J. YouNGBLUTH , RoBERT A. GmsoN , AND JoHN K . HoLT 

Harbor Branch Foundation, RR 1. Box l9fi, Fort Pierce, Florida 33450 

ABsTHACT: Fil'id studies in a shallow lagoon indicated that 1/ll(llltifatinl'iy reliahlc esti111ates of 
ilwrganic nutrients. actice phytoplankton chlorophyll a. all(/ copepod nauplii mn he obtained 
w ith a t11he-typc sampler . Samples collcrtet.l in shallow. well-mixed w ater hy a water colrmw 
sampler ( = 7.62-cm ID. 4.57 m long , 0.021 "' '' r·a])(Jcity - PVC tube) and a discrete-depth 
sampler ( = 7.62-cm ID. 0.49 111 long, 0.005 m 3 capacity - Niskin bottle) were statistically 
similar. The 1111111her of copepod TWIIplii capt11red in the tube sampler teas significantly greater 
(ca . 2X) thar1 the densities obtairiCd ir1 a 25-CIII /D. 64-wn mesh net. 

THE selection of a device to sample chemical and biological parameters 
in aquatic habitats is often a compromise between how many samples are 
needed to adequately estimate natural variability in time and space versus 
how much time and manpower are required to collect and process the data 
obtained. For example, water samplers of various designs have been used to 
estimate nutrients and plankton concentrations in shallow water en-
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vironments (Schwoerbel, 1970). Most of these studies have used discrete
depth samplers ( =bottles) to examine vertical and horizontal variability. 
Some investigations have utilized interval-depth samplers (=tubes) which 
isolate a vertical portion of the water column when less detailed 
measurements are required (Lund et al., 1958; Hair et al., 1968; Landry, 
1978). Previous studies of water samples collected with bottles and tubes 
have indicated that profiles of hydrographic features and density estimates 
of pelagic organisms do not differ significantly (Gilbert and Miller, 1976; 
George and Owen, 1978; Irish , 1980). Comparisons of samples from depth 
intervals to samples from a point or points within the depth ranges have at 
least 2 weaknesses. First, the selection of a depth within a water column is 
often standardized without regard to chemical and biological processes that 
vary on temporal and spatial scales. The choice of appropriate sampling sites 
is therefore arbitrary in the sense that the range of variability measured may 
differ with each set of depths chosen . Second, data from depth intervals are 
not strictly comparable to data from discrete depths. 

We describe a simple method for comparing data derived from interval
depth and discrete-depth sampling and discuss the advantages of using a 
tube sampler in shallow, well-mixed waters. 

METHODS- All samples were collected in the Indian River lagoon, a 
shallow (mean depth = 1.5 m) waterway adjacent to the barrier islands 
along the eastern coast of central Florida. Generally, winds and tidal action 
kept the water column well-mixed throughout the year. However, seasonally 
heavy rainfall and the discharge of fresh water from flood control canals oc
casionally produced short-term vertical stratifications in salinity and in
organic nutrient concentrations. 

The rigid tube sampler (7 .62-cm ID, 4.57 m long, 0.021 m3 capacity) 
used in this study is shown in Fig. 1. An early model of this device had a rub
ber "plumber's helper" as the closure on the lower end. The mouth openings 
at each end of this prototype were of equal diameter. While testing this 
design we found we could not always rely on a leakproof seal at the closing 
end. Consequently, the original closure was replaced with a 5.08-cm ball 
valve. This smaller opening does not affect appreciably the flow rate of 
water entering the 7.62-cm dia tube if it is lowered slowly (ca. 30-60 em /sec) 
into the water. Calculations of conduit flow indicate that at a more rapid 
descent the tube will not fill at an even rate and most of the water entering 
the device will be from ncar the bottom (Welty et al., 1976). Two samples 
were collected for each of 4 depth intervals (i.e., 0-0.9, 0-1.8, 0-2.7, and 
0-3.7 m) . 

The Niskin bottle (7 .62-cm ID, 0.49 m long) used was a standard 5-f 
sampler (General Oceanics Model 1010). Two samples were collected at 5 
depth levels (i.e., surface (0-20 em), 0.9, 1.8, 2.7 and 3.7 m). 

Water collected in each of the samplers was drained separately into a 
graduated polyethylene bucket to allow thorough mixing. Four, 250-mf ali
quots were removed from this bucket for measurements of inorganic 
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7.62 CM ~ 
___, LD I -I 

4.57Z M 

SAMPLE PIPE 
3" SCH_ 40 
PLASTIC PIPE 

B 

DESIRED FLEXIBLE 
BOTTOM PLASTIC 

CLEARANCE DRAIN TUBE 

l 

AUXILIARY 
HANDLING PIPE 
t"SCH 40 
PLASTIC PIPE 

MAIN VALVE 
2" PLASTIC 

<if---t.J.-f--'"BALL VALVE 

Fie. l. Rigid tube sampler. (A) Main valve open, drain closed. (B) Main valve closed, drain 
valve open. 

nutrients. Concentrations of silicate, nitrite, nitrite + nitrate, ammonia 
and orthophosphate were measured in 2 subsamples of each sample with an 
autoanalyzer (Technicon Model AA II). Three, 1-f aliquots were also drawn 
from the bucket to determine active phytoplankton chlorophyll a by spec
trophotometric (Varian Model 365) methods (Anonymous, 1966; Strickland 
and Parsons, 1968). 

Additional samples, gathered with the tube and a vertically-hauled, 
25-cm dia net (64-J.tm mesh), were poured through 202 and 20-J.tm mesh 
screens to select and concentrate copepod nauplii. Water volumes for 
plankton net hauls were determined with a flowmeter (General Oceanics 
Model2030). Copepod nauplii were subsampled with a 1-mfStempel pipette 
and counted in a Sedgwick-Rafter chamber. At least 500 nauplii were con
tained in each sample. 

Salinity was measured with an inductive salinometer (Plessey Model 
6230), an in situ water quality instrument (Hydrolab Model D) and a refrac
tometer (American Optical Model l 0419). 

All water samples discussed in this paper were collected at the same site 
(27°28' Lat., 80°19.5' Long.). Well-mixed waters were sampled in February 
and June. A stratified water column was studied in September (Table 1 and 
Fig. 2). 

To statistically compare interval-depth with discrete-depth samples the 
values obtained from bottle samples were regressed on depth, both linearly 
and exponentially, to derive integral mean values. There was no apparent 



TABLE l. A comparison of inorganic nutrient (!'g-at·l- 1) and active chlorophyll a (mg·m-3) values collected with tube and bottle samplers-[(*) de
notes significant difference at 95 level]. 

TL"BE SA\IPLER :-;ISKI:-; BOTTLE :-;ISKI:\ (surface extrapolated) 
-- -- --------- ---- ----

Depth 9.5 t-, Confidence 9.5 c;- Confidence 95 c::;_ Confidence 
Parameter lnterYal lm! n InterYal n integral x In ten· a! n integral x s Interval 

silicate 11-IUI ~ 88.88 2~. 12 68.71- 1119 o.o 16 127.2() 8.5.81 8LS.S- 172.98 8 62.70 11.14 .53.39 - 72.01 
0-l.b s .').~.9.5 g_.s-;- 47.%- 63.94 2-t 100.60" 78.99 67.S.5 · 1.3.3.96 16 .57. 78 9.66 .'>2.63- 62.93 
IJ-2.7 ·' 4-o.IIO 6.97 39.16- ')() 84 32 85.95· 72.77 59.70 . 112.19 24 S2 .. S3 10.97 47.90. 57.16 
().:] 7 b -t.5.29 U17 43.6'3 -tEUJS 40 77.22" 67.24 .5.5.71 - 98.73 .32 49.97 10.48 46.19- 53.7.S 

nitritt' 11-ll.!l " 0 76 0.06 11.71 . 0.111 1o ox 0.21 0 76- 0.98 8 0 68 0.10 0.60 - 0. 76 
0-1.8 b o.rn () 04 ll.ti1- 0.6.''5 24 II 78" 0.21 0.69- 0.87 16 o.m 0.08 0.61 - 0.69 
0-2.7 8 0 .. 57 O.il!l o.oo - 1164 32 II 7.3" 0.211 0.66. 0.80 24 0.62 0.08 0.59 - 0.6S 
0-3 7 8 I) 38 0.01 O .. Sb- 0.60 411 0.70 0.19 0.64- 0.76 32 0.61 0.07 0.58- 0.64 

nitrite & 11-IUJ s 9.S9 o o1 4 4) - 1'i.l3 1(; 11.77 6.36 8 . .38- 15.Hi 8 8.98 3.64 .S.94 · 12.02 
nitrate 0-18 s 7 .. 52 4 S4 US- 1Loi' 2-i 9 .. 57 6 06 7.01 - 12.13 16 7.08 3.24 .5.3.5 - 8.81 

11-2.7 s 4.33 ()..56 ]Sfi- Viii .32 8.17" o.62 6.14- 10.20 24 6.08" 2.99 4.82. 7.34 
11-3.7 s 4.o7 0.'51 4.21 - 'i111 40 7.32* .5.29 S.63- 9.01 32 .5 .. 55 2.74 4 .. S6 · 6.54 

ammoma 0-0!l s l:J.Il!l 8.1!1 6.24- lCJ.\l-t l(j ~0. 77 13.94 13.34- 28.211 s 8.61 0 .so 8.,57- 9.6.5 
0-l.S f, f, 01 II.Sh 7.311 . -~---' ~.,! 17.!1!)" 12.73 12.61 - 23.37 16 10.52 .S.78 7.44. 13.60 
0-2.7 1-, h 04 1.19 7 113 - 'Jill .12 1.).36" 11.90 1107. 19.9.5 24 9 .. 50 4.89 7.43- 11.57 
11-.3. 7 s S.IJ7 11.93 7.2~J - -~.S.'l 40 13.SI 11.07 10.27. 17.3.5 32 9.0.3 4.30 7.48. 10.58 

orthophosphate 0-II.!J 2 . .')~\ () 42 2.20 - 2.lJS l.S 4.!JS :] 76 2.09- 7 06 8 1.88 0.48 1.48- 2.28 
11-l.S s 1.67 1111 1.41 - UJJ 22 4.21" 3.61 2.61 - 5.81 15 2.20 1.91 1.14 . .3.26 
0-2.7 s 1.12 11.11 1.1)(i. ).3h 30 .3 43" 3.3.'> 2.1S- 4.68 23 1.88 l..S9 1.19 - 2.57 
11-.3. 7 -' l .2lJ 11.23 1.111 !IS 37 3.115' 3.11 2.01 - 4.09 30 1.77 1.41 124- 2.30 

chlorophyll a 0-0.'J J 22 0 Sk 'JII:J- !1.41 (i 08 2.82 2.12- 8.04 .3 7.111 2.77 11.13- 1.3.89 
0-IS 3 1 00 1.41 fi.SO- LJ .. SO !I .,53 4.29 4.2.5 . 10.6.5 6 9.76 3.45 6.14- 1.3.38 
11-2.7 1 42 3.-S2 ()()()- 16.16 12 .51 3.77 .5.11 · 9.91 9 8.97 3.14 6 .. 56- 11.38 
11-3.7 3 os 3.13 11.00. 15.46 1.'1 47 351 .5 .. 53 - 9.41 12 8.69 2.76 6.94. 10.44 
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difference between empirically-formed functions for these regression curves. 
Therefore, integral means were determined by interpolation to correspond 
to depth intervals sampled by the tube . 

R ESU LTS AND DiscussiON - Samples were collected when the water col
umn was well-mixed and when stratified in order to obtain data that would 
demonstrate if differences between interval-depth and discrete-depth sam
pling could be detected. Tube and bottle data from well-mixed water were 
similar statistically and are not shown here (P < 0.05 , Student's t-test). The 
data presented are from hydrographically stratified water a nd serve to in
dicate how samples compared under these conditions and to illustrate some 
unexpected results. 

When lower salinity (7 -10 o/o o), nutrient-rich , surface water (0-20 em) oc
curred above higher salinity (19-26 % .. ), nutrient-poor water (ca . 4 m deep) 
(Fig. 2), inorganic nutrient concentrations from bottle samples were 
significantly larger than the tube samples (P < 0 .05 , Student's t -test) for all 
but the 0-0 .9 m interval where the 95 o/o confidence intervals overlapped 
(Table 1) . The primary ca use of this difference was the high , inorganic 
nutrient concentration in the surface layer. To account for this bias , nutrient 
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values from the surface water were excluded (n = 8) and integral means were 
extrapolated by regressing the deeper discrete-depth values to the surface. 
This treatment eliminated all but one of the significant differences between 
sample means (i.e., the nitrite+ nitrate value for the 0-2.7 m interval). The 
persistence of this result is probably related to the narrow horizontal concen
tration of this nutrient. Inorganic nutrient concentrations may also be af
fected by chemical precipitation and adsorption processes when waters of 
different salinities are mixed. Up to 10% of the silicate-silica in estuarine ~ 
and river plume areas may be removed by these processes according to Bien 
et al. (1958); and Burton et al. (1970). However, Fanning and Pilson (1973) 
concluded from field and laboratory studies that silicate-silica was released 
rather than adsorbed during mixing conditions. We are unaware of similar 
investigations on other nutrients. Because we measured only dissolved in
organic nutrients, we suggest that a tube sampler be used only in well
mixed, unstratified waters unless dissolved and particulate nutrient fractions 
are determined. 

Active phytoplankton chlorophyll a values were not significantly dif
ferent (Table 1). 

Densities of copepod nauplii, the most abundant animals collected with 
both the tube sampler and the plankton net, are compared in Table 2. 

TABLE 2. A comparison of the mean densities of eopepod nauplii collected with a 7.62-cm 
ID tube sampler and a 25-cm ID, 64-l'm mesh plankton net (n = .3 replicate samples per vol
ume). 

Mean Volume of 
Water Sampled (f) 

14 
26 
55 

11R 

400 

Mean Density± s 
X 105 per m 3 

TUBE SAMPLER 

7.1R±O.RO 
5.R0±0.33 
6.22±0.31 
5.60±0.42 

PLANKTON NET 

2.56±0.4R 

().5% 
Confidence 

Interval 

S.HJ- D.17 
4.DR- 6.62 
.'5.4.5 - 6.DD 
4.56 - 6.64 

1.37 - 6.64 

Catches with the tube were statistically similar regardless of the water 
volume collected (i.e., the 95 o/o confidence limits overlapped). These den
sities were about 40% greater than the mean densities of the plankton net 
collections. This difference can be attributed to the passage of small copepod 
nauplii through the larger mesh of the plankton net ( = 64-J.tm versus 20-J.tm 
mesh for water from tube sampler). Hopkins (1977) reported that 28-J.tm 
mesh retained about 30% more zooplankton than 64-J.tm mesh netting. Lan
dry (1978) noted that copepods collected with a tube sampler and concen
trated on 53-J,tm mesh were 2-4X more numerous than catches taken with 
25-cm ring nets or Van Dorn bottle casts. The important point to consider 
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from these data is that reliable, quantitative assessments of the density of 
copepod nauplii and probably other microzooplankton in shallow waters 
can be obtained with a tube that samples relatively small volumes of water. 
This is an advantage because plankton nets with mesh smaller than 64-!Lm 
are easily clogged in shallow, productive regions (Reeve, 1970). Further
more, the time required to collect samples is reduced considerably and 
replicate samples are obtained easily. The simplicity of its design also makes 
this collecting device energy efficient and maintenance free unlike a pump 
sampler which requires a source of power and periodic inspection of its com
ponent parts . 

CoNCLUSIONS- Our results indicate that inorganic nutrients , active 
phytoplankton chlorophyll a , and copepod nauplii can he quantified from 
samples collected with a tube . In regions where shallow , well-mixed waters 
prevail the tube sampler is a simpler and more rapid alternative to sampling 
discrete depths with a series of closely spaced bottles. 
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