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PHOTOSYNTHETIC PIGMENTS AS INDICATORS OF ALGAL ACTIVITY 

IN THE UPPER POTOMAC ESTUARY 

Introduction 

 

 

 

Algae are the principal primary producers in many aquatic ecosystems. Some species 

occur free-floating as members of the phytoplankton community. Although members of the 

phytoplantkon are microscopic and normally inconspicuous, they may produce blooms which 

noticeably discolor the water. Blooms often occur in association with enrichment of the water. 

Dense blooms may detract from the appeal of a body of water for recreational uses, interfere 

with water purification, severely deplete oxygen in the water when cells decompose, and in 

some cases releases toxins into the water. 

Rapidly flowing streams and rivers normally do not support planktonic algae, but in more 

gently flowing waters, such as the Potomac River near Washington, D.C., substantial 

phytoplankton growths may develop during periods of reduced flow. These growths may be 

encouraged by discharges of wastes containing high concentrations of plant nutrients, such as 

phosphates and nitrates. 

Measurement of phytoplankton abundance is difficult because of the small size of the 

organisms. Chlorophyll A is widely used as an indirect measure, because of the relative ease of 

its determination in comparison to other estimates of algal abundance, such as direct cell counts. 

Since the chlorophyll content of cells varies depending on the species present and their 

physiological condition, there is uncertainty whether chlorophyll A provides a good measure of 

standing crop. Another drawback of chlorophyll A is that it gives no indication of the 

composition of the phytoplankton. 

Chlorophyll A is part of the photosynthetic system of all algae. Additional pigments 

associated with chlorophyll A are referred to as accessory pigments. Their peaks of absorption 

are at different wavelengths than chlorophyll A, and they transfer the light energy to molecules  
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of chlorophyll A which serve as the reaction centers for the photosynthetic process. Three groups of 

compounds compose the accessory pigments: carotenoids, phycobilins and other chlorophylls. Except 

blue-green algae, most planktonic algae contain a second chlorophyll, either chlorophyll B or C 

(chlorophyll C actually consists of two forms designated C1 and C2 ). All algal cells contain carotenoids, 

but they are not always involved with photosynthesis. Only siphonaxanthin, fucoxanthin, peridinin and 

possibly B-carotene have major roles in photosynthesis (Jeffrey, 1980). Fucoxanthin may give cells of 

some algae a brown color. Among planktonic algae, the blue-green algae and cryptomonads possess 

phycobilins (also found in rhodophytes).  

Since the composition of accessory pigments varies among algal groups (Table 1), the 

measurement of these pigments at the same time as chlorophyll A may provide additional information 

on the composition of the phytoplankton. Carotenoids and chlorophylls are normally extracted by the 

same solvents making their determinations together relative easy (phycobilins must be extracted 

separately). However, investigators have generally found only a poor relationship between algal 

composition and the concentrations of specific accessory pigements. Possibly the accessory pigments 

are greatly affected by environmental conditions.  

Major groups of algae found in the phytoplankton of rivers are listed in Table 1. Lippson et al. 

(1979) provided an overview of the algae in the Potomac River below Washington. Since 1978, I have 

been sampling above the major discharges from the city at Key Bridge. Observations from 1978 -1980 

(Sze, 1981; unpublished observations) indicated that the planktonic algae become abundant in the river 

during periods of reduced flow in summer, but that there is considerable variation from year-to-year in 

the timing, overall abundance and composition of these summer growths. A relatively high diversity of 

algal species occurs in the river including both planktonic species and washout from benthic  

populations. The major groups of planktonic algae at Key Bridge are diatoms and green algae. Blue-

green algae, which are generally considered indicators of poor water quality, become abundant in the  

river below Washington (Lippson et al., 1979; Sze, unpublished observations). Studies in 1980 

indicated a potential for phosphorus depletion in the Potomac during periods of intense algal growth 

(Sze, 1980A).  
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The objectives of the present study were to characterize the growths of planktonic algae during 

the growing season of 1981 and to compare various methods for estimating algal abundance and 

activity in the river. In particular, the use of chlorophyll A and other photosynthetic pigments as 

measures of phytoplankton abundance was evaluated. 

 
Materials & Methods 

 
From May through September, 1981, weekly samples were obtained from the Potomac River at 

Key Bridge. Sampling was less frequent before May. A sampling bottle was used to collect surface 

water from near mid-stream. The following measurements were performed on each sample: 

temperature, pH, concentrations of nutrients, concentrations of photosynthetic pigments, abundance of 

major groups of phytoplankton by direct counts and photosynthetic production.  

Nutrient concentrations were determined with Bausch & Lomb water test kits for nitrate/nitrite 

nitrogen, orthophosphate and silica (SiO2). Optical density was measured with a Bausch & Lomb 

Spectronic 21, and the values obtained were converted to mg/l based on curves obtained with standard 

solutions. Silica was measured at both 420 and 820 nm. A 20mm long cell was used to determine 

optical density in phosphate measurements. 

Photosynthetic pigments were measured by the procedures in Hansmann (1973) and Jensen 

(1978). Cells were collected on Millipore HA filters (0.45 μm pores), and pigments were extracted with 

90% acetone. Optical density was measured at 480, 630, 647, 664 and 730 nm in a B&L Spectronic 21. 

Samples were acidified and optical density measured at 664 and 730 nm for phaeophytin (Wetzel &  

Likens, 1979). Concentrations of pigments were calculated using the formulae in Jensen (1978) for 

chlorophylls and in Wetzel & Likens (1979) for phaeophytin and carotenoids. 

Cell counts were made on filters prepared by the method of deNoyelles (1968) as modified by 

Sze (1975, 1980B). Part of each river sample was preserved and stained with an aniline blue/Lugol's 

iodine mixture and filtered to collect cells on Gelman GA-4 filters. After filters were mounted and 

cleared with Karo syrup, cells were enumerated under an Olympus BH microscope equipped with phase  
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contrast optics. For blue-green algae, the units counted were colonies or filaments, instead of individual 

cells. Cells (or units) were grouped according to taxonomic order, and results expressed as cells/ml. 

In August and September, cells were also counted in sedimentation chambers using an inverted 

microscope (Utermohl technique). The results (not presented) were comparable to the filter method. 

Because of the greater ease in making identifications on filters, counting from filters was used as the 

standard procedure in this study. 

Potential photosynthetic production was estimated using light/dark bottles. Subsamples of river 

water were incubated in pairs of BOD bottles (300ml) for 3-4 hr at 20°C. One bottle of each pair was 

opaque, while the other was exposed to light from a cool white fluorescent light. Initial and final 

dissolved oxygen concentrations in each bottle were determined by Winkler titrations. Photosynthetic 

production is expressed as mg 02 liter -1 hr-1 after correction for dark respiration. 

 
Results 
 

Water temperatures recorded at the surface were above 20°C from mid-May to mid-September 

(Fig. l) indicating that thermal conditions were probably favorable for algal growth during this period. 

Although temperatures exceeding 30°C were measured in 1980, no such high temperatures were 

observed in 1981. From May through September, pH values ranged from 7.25-8.65 with a mean of 7.92 

(Table 2). 

Throughout the study period, the major plant nutrients, nitrate, phosphate and silica, were 

detectable by the procedures used. Phosphate (Fig. 2B) did not show a noticeable depletion during the 

growing season suggesting it was available in excess of algal requirements. Nitrate (Fig. 2A) was low 

in July and August, but since other forms of nitrogen were not measured, it is uncertain whether 

availability of nitrogen was ever limiting to algal growths. Prolonged or severe limitation by nitrogen 

was unlikely. Silica (Si02) (Fig. 2C) was low at the end of May and end of August in association with 

diatom growths (see below) but recovered rapidly after their decline. 

The chlorococcalean green algae and centric diatoms were the major groups of 

planktonic algae in the river. Pennate diatoms were common at times but generally less  
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important. Representatives of the Volvocales, Cryptophyceae and Cyanophyceae were also 

collected but not in abundance. 

The centric diatoms (Fig. 3B) showed periods of greatest abundance in April, at the end of 

May and in August. The two spring peaks resulted largely from growths of Stephanodiscus 

hantzschii. The dominant species during the August peak has been tentatively identified as 

Melosira granulata.  

The chlorococcalean green algae were common at the end of May and in July (Fig. 3A). 

Important species during the May peak were Scenedesmus obliquus and Scenedesmus quadricauda, 

with Pediastrum spp. and Dictyosphaerium pulchellum also common. In July, the dominant species was 

S. quadricauda, with Ankistrodesmus falcatus, Coelastrum sphaericum, Actinastrum hantzschii, 

Dictyosphaerium pulchellum and Oocystis sp. common. 

 The major pennate diatoms in the river were species of Nitzschia. Washout of benthic diatoms 

also contributed to collections. Pennate diatoms were sporadically abundant in 1981 (Fig. 3D).

 Cryptomonads were present in July and August. The blue-green alga Merismopedia tenuissima 

was found in relatively small numbers in July and August (Fig. 3C). Other blue-greens did not make a 

significant contribution in Key Bridge samples. 

Photosynthetic pigments are shown in Fig. 4 and 5. Chlorophyll A showed peaks in late 

May and August and a lesser peak in April (Fig. 4A). A minimum occurred in late June. 

Carotenoids generally followed the same pattern as chlorophyll A (Fig. 4B). Phaeophytin was 

also high in August (Table 2). 

The major algal groups in the Potomac, the diatoms and green algae, differ in their 

accessory pigments (Table 1). Diatoms have chlorophyll C, while green algae have chlorophyll 

B instead. Additionally, diatoms tend to have greater concentrations of carotenoids, principally 

fucoxanthin, than greens. Observed values of chlorophylls B and C (Fig. 5) were compared the 

cell count results (Fig. 3). Both pigments tended to be relatively low in comparison to 

chlorophyll A but generally showed peaks that could be related to algal abundance. Chlorophyll  
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C was high in late May/early June and in August when diatoms were common, and chlorophyll 

B was high in July and August when green algae were common. Carotenoids seemed to be of  

little value as indicators of algal composition, except for low levels in July when greens were 

abundant but diatoms low. 

Photosynthetic production (Fig. 6) showed the same trends as the cell counts and  

chlorophyll A with peaks in late May and in late July and August. 

 

Discussion 

As in previous years, the greatest algal growths observed in the Potomac River at Key 

Bridge occurred during the warmer months of 1981. However, the timing of peaks in the May-

September period varied from previous years (Sze, 1980A, 1981), particularly the late June 

maximum of algae seen in 1980. No single factor has been identified as the cause of these 

annual differences, and probably a combination of factors, including temperature and flow rate, 

contribute to producing the patterns seen.  

The effects of the discharges from the Washington metropolitan area on the 

phytoplankton in the river are not clear. Three situations are likely: (1) the river sufficient 

nutrients when it reaches Washington to support the algal growths, and discharges from the 

city have little effect, (2) discharges from Washington could potentially stimulate algal 

growths, but the flow in the river is sufficient to remove nutrients before algae increase to 

troublesome levels, or (3) algal growths are stimulated by the nutrients in discharges. Key 

Bridge is above the major discharges from the metropolitan area. Nutrient concentrations in 

samples there were detectable throughout the growing season suggesting that algal growths 

were probably rarely, if ever, severely limited in 1981. However, bioassay tests were not  

performed. Such tests in 1980 (Sze, 1980A) showed a possible stimulation by phosphorus 

enrichment during intense algal growths. Although discharges may have had little effect on 

the algal populations already present in the river, bloom producing blue-green algae: were  
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absent from Key .Bridge samples. An input of these algae downstream might respond 

differently when exposed to higher nutrient levels in the river. 

Although the centric diatoms and chlorococcalean green algae continued to be the 

major planktonic groups at Key Bridge in 1981, the centric diatoms made a greater 

contribution to summer growths in 1981 than in 1980. Similar species, however, were present 

both years (Sze, 1980A). Blue-green algae were never abundant in the study area. None of the 

genera considered to be troublesome (Microcystis, Anabaena, Aphandzomenon) were 

collected. Only the non-filamentous blue-green Merismopedia was observed with any 

consistency. Its period of occurrence in mid-summer correlated with now nitrate to phos-

phorus ratios. This result is interesting in light of the tendency of blue-green algae to dominate 

over green algae in lakes when the N:P ratio is low (Schindler, 1977; Sze, 1975). 

I have suggested that the planktonic algae in the Potomac can be viewed as a series of 

communities progressing down the river in the general flow (Sze, 1981) and that the 

composition of the algae seen at a site along the river reflects the degree of development of the 

community sampled. The centric diatoms tend to develop before green algae and blue-green 

algae. The greater importance of diatoms in 1981 may reflect a slower development of 

communities as they moved downriver as compared to 1980. This slower development may be 

the result of the slightly lower water temperatures in 1981 rather than a reduced flow.  

Algal abundance was estimated by direct cell counts and chlorophyll A concentrations. 

Both methods, showed the same general pattern. Possibly conversion of cell counts to cellular 

volumes would give a closer correlation, but the measurements needed to do this conversion are 

tedious. Carotenoids also tended to show the same general trend.  

Chlorophyll A levels only exceeded 20 mg/m2 during the May and August peaks but 

remained within the good range (less than 50 mg/m3) for water quality as given by Lippson et al. 

1979). 

Chlorophylls B and C but not carotenoids appeared to be useful as indicators of the 

relative importance of green algae and diatoms only in a general way. Various ratios, including  
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chlorophyll B: chlorophyll C and cartenoid:  chlorophyll A (Watson & Osborne, 1979) were 

calculated, but the results did not provide any useful insights into the data. 

Estimates of potential photosynthetic production using dissolved oxygen changes in 

light/dark bottles were performed under laboratory conditions rather than by suspending bottles 

in the river. Probably the incubation conditions represented a better sight environment than 

occurs in the river but the 20°C temperature was lower than summer temperatures in the river. 

The production results tended to parallel those with chlorophyll A and cell counts. 

 

Conclusions 

 

1. The seasonal pattern of algal abundance at Key Bridge did not show significant changes from 

previous years (1978-80). 

2. Chlorophyll A showed the same general trend of algal growth as determined by cell counts 

and photosynthetic production. Chlorophyll levels remained in the good range throughout the 

summer. 

3. Accessory photosynthetic pigments gave a rough indication of phytoplankton composition, 

but because of their lack of sensitivity direct microscope observations are recommended 

whenever possible. 
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Table 1. Major groups of phytoplankton found in rivers and their pigments. 

 
 
Taxonomic groups – common names                                         Major pigments 
 
Class Cyanophyceae –  blue-green algae                                   chlorophyll A; phycocyanin  

Order Chroococcales – non-filamentous blue-greens 
Order Nostocales – filamentous blue-greens 

 
Class Chlorophyceae - green algae                                             chlorophylls A,B 

Order Volvocales - flagellated greens 

Order Chlorococcales – chlorococcalean greens 

Order Zygnematales - includes desmids 

Class Prasinophyceae                                                                 chlorophylls A,B 

Class Chrysophyceae – golden brown algae                              chlorophylls A,C; fucoxanthin 

Class Bacillariophyceae - diatoms                                             chlorophylls A,C; fucoxanthin 

Order Centrales - centric diatoms  

Order Pennales - pennate diatoms 

Class Cyrptophyceae – cryptomonads                                       chlorophylls A,C; phycoerythrin, phycocyanin 

 

Class Dinophyceae – dinoflagellates                                         chlorophylls A,C; fucoxanthin or peridinin 

Class Euglenophyceae – euglenoids                                          chlorophylls A,B 
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Table 2.  Sampling dates, pH and phaeophytin concentrations at Key Bridge in 1981. 

phaeophytin (mg/m3)Date pH

27 Jan. 7.9  
10 Feb. 7.8  
24 Feb. 7.6  
12 Mar. 7.6  
26 Mar. 8.8  
8 Apr. 8.9  
23 Apr. 8.0  
8 May 7.9 0.00 
15 May 7.8 1.69 
22 May 7.7 0.00 
29 May 8.4 10.75 
5 June 7.3 1.60 
12 June 7.7 6.84 
19 June 7.6 0.00 
26 June 7.9 4.42 
3 July 8.2 0.00 
10 July 7.8 0.00 
17 July 8.4 0.00 
24 July 8.7     10.43 
31 July 8.5 0.00 
7 Aug. 8.0     24.50 
14 Aug. 7.8     10.43 
21 Aug. 8.2 0.00 
28 Aug. 7.9 0.00 
4 Sep. 7.3 0.00 
11 Sep. 7.6 2.81 
18 Sep. 7.8 0.00 
25 Sep. 8.0 1.69 
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Figure captions 

1. Water temperatures from surface samples collected at Key Bridge in 1981. 

2. Nutrient concentrations: A.  nitrate/nitrite nitrogen, B. phosphate (as P04), C.  silica (as SiO2). 

 

3. Abundance of major algal groups in the Potomac River at Key Bridge: A. chlorococcales, B. 
centrales, C. cyanophyceae (entirely Merismopedia), D. pennales. Note vertical scale is 
different in A and B from C and D: 

4. Concentrations of chlorophyll A (A) and carotenoids (B) at Key Bridge (1981). 

5. Concentrations of chlorophyll B (A) and chlorophyll C (B) at Key Bridge. 

6. Potential photosynthetic production determined from oxygen production in light/dark bottles. 
Measurements for May through September, 1981. 
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