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INTRODUCTION 

Increased temperature as a stress factor in aquatic environments 

has recently received much attention. Human population growth accom-

panied by expanded demands for electrical energy has resulted in 

increased construction of power generating facilities. Conventional 

fossil fuel power plants are being built to produce many times the 

electricity of those built in previous years. Nuclear power plants, 

not economically feasible in small sizes, are being constructed to 

generate even more electrical energy per unit than the new conventional 

units. Nuclear power facilities produce heat less efficiently and, 

thus, require approximately fifty percent more cooling per BTU than 

usual methods (Kolflat, 196B). Increased exposure of populations 

and communities of aquatic organisms to thermal pollution can thus be 

anticipated when natural water systems are utilized as a cooling source. 

The majority of research effort relative to the effects of heated 

waste waters on aquati c sys tems has been di rected tm'/ards macro- as 

opposed to micro-organisms. While the use of microorganisms in general 

pollution monitoring is not a nevi concept; for examples see 

and Marsson (1908); Butcher (1947); Fjerdingstad (1962), most of the 

existing effort has been in the area of correlation of species to 

various polluted situations. The major disadvantages of such approaches 

as \lyell as the use of populations and communities of microorganisms 

in pollution monitoring are discussed in Cairns and Lanza (1971) and 

Cairns (submitted). 

1 
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Research effort relating to the exposure of aquatic microorganisms 

to artificial temperature increases has been, in certain instances, 

concerned with the effects on components of the primary producer level 

of food chains. The critical ecological significance of such auto-

trophic organisms is well known. 

Diatoms are commonly found as important community components of 

the periphyton and phytoplankton of major aquatic ecosystems (streams, 

lakes, and estuaries). The importance of the Chrysophyta, and speci-

fically diatoms as aquatic community components indicating various 

stream conditions, has been pointed out clearly by Patrick (1949, 1969). 

Krezoski (1969) demonstrated that diatoms often form the major components 

of lake phytoplankton communities subjected to both entrainment through 

steam condensor lines of electric power generating facilities, and 

overall temperature rises resulting from the addition of heated effluents 

beyond the outfall. Carpenter (1971) recently demonstrated a domin-

ance of diatoms in phytoplankton communities in studying an estuarine 

ecosystem. Many estuaries are presently either providing, or being 

considered as electric pO\lJer generating facility sites. Of further 

importance is the fact that diatoms are generally represented by the 

largest number of species \;Jith comparatively lm'/ temperature toler-

ances, i.e. below 30°C. 

Some field investigations of the effects of artificial temperature 

increases on microscopic algae on or near actual electrical power 

generating units (Dryer and Benson, 1957; Trenbly, 1960, 1965; 

Warinner and Brehmer, 1965; Beer and Pipes, 19GG; Kresoski, 1969; 
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Norgan and Stross, 1969; Patrick, 1969; Cairns, Kaes1er and Patrick, 

1970; Jensen, 1970) are available. HO\Alever, little effort has been 

put forth relative to controlled laboratory studies designed generally 

to simulate both passage through steam condenser cooling lines and 

the introduction of thermal effluents to aquatic ecosystems. The 

vast majority of accomplished laboratory research has been concerned 

with comparisons of different temperatures or gradual temperature 

increases (Dallinger, 1887; Barker, 1935; Marga1ef, 1954; Wallace, 

1955; Cairns, 1956; Anderson and Lorrnnasson, 1958; Sorokin, 1959, 1967; 

Holton et 1964, Kevern and Ball, 1965; Phinney and McIntire, 1965; 

Rhodes and Herndon, 1967; Patrick, 1968, 1969; Patrick et 1969; 

Kleinschmidt and HcNahon, 1970) \'1ith little or no effort directed 

towards abrupt temperature shocks similar to those examined by Ayres 

(1916), Peary and Castenholz {1964} and Lanza (1970). 

The present studies involved both autecologica1 and synecological 

investigations on diatoms subjected to defined abrupt temperature 

increases under controlled laboratory conditions. The effects of 

temperature increases on viable diatom populations and communities 

isolated from other stress factors, e.g. chlorine, heavy metals, 

turbulence, pressure, etc. commonly encountered at electric 

generating facilities were, thus,ascertained. Experimental design 

permitted the use of large numbers of physiologically similar cells 

at various ambient temperatures in two general approaches to assess 

effects. First, a technique utilizing fluorescent patterns of 
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diatom cells \'1as developed and initially tested. The procedure in-

volved the establishment of unormalll patterns of autofluorescence of 

cellular chlorophyll and accessory carotenoids, and the inducement of 

1 i pi d fl uorescence \,/i th 3, 4 Benzpyrene - Caffei ne fl uorochrome. Devi-

ations from such established IInormalll patterns could thus be used to 

measure major physio-morphological alterations following temperature 

stress. The technique also provides early detection of sublethal 

cellular alterations prior to severe disruptions of cellular structure, 

i.e. as the cell approaches the upper limits of temperature tolerance 

but prior to total damage encountered beyond such limits. Investigation 

of the effects of temperature shocks on diatom populations and commun-

ities already under multiple stress due to sub-optimal culture (nutrient 

deficiency, aging, density, etc.) was also carried out. 

Secondly, quantitative estimates of the reproduction of diatom 

populations subjected to some of the same temperature increases were 

obtained. 



f'1ATERIALS AND r'1ETHODS 

A series of test experiments was conducted prior to the beginning 

of any studies in order to establish and develop application method-

ology for the temperature stresses, handling procedures, and micro-

scopic techniques used in these investigations. Autecological inves-

tigations consisted of a total of 14 additional experiments covering 

various stress applications to diatom populations with ambient temper-

atures of 18, 23, and 29°C. 

Several different fluorochromes for various cellular components 

were considered (Neutral Red, Phosphine 3R, 3,4 Benzpyrene - Caffeine, 

Acriflavine hydrochloride, etc.) with emphasis upon cellular lipids 

due to their susceptability to temperature alteration. 

Since characterization of lipid in unstained materials is often 

inconclusive, it was decided to use a lipid fluorochrome. Initial 

laboratory trials indicated that maximum fluorescence intensity was 

ach; eved th 3,4 Benzpyrene - Caffei ne (Berg, 1951), a non-di fferenti a 1 

lipid fluorochrome. 

Autecological Studies 

All diatom populitions were cultured in synthetic water media as 

described by Cairns (1968). All media was prepared and used within 

48 hours. The pH was adjusted to 7.2 with 0.5 N HCL and 0.5 NaOH 

prior to sterilization in an autoclave. Soil extract used in the 

med; a \vas prepared as descri bed by Barr and Hi ckman (1967). The same 

5 
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soil batch was used to prepare all extracts for these experiments. 

All culture flasks used vlere Pyrex 250 ml. Erlenmeyer No. 4980 to 

minimize differences in glass thickness and subsequently the heat 

retention of flask walls during periods of thermal shock. All glass-

v/are was cleaned by the method of Chu (1943). Test flasks were filled 

with 50 m1. of media (to provide good surface to volume ratio for gas 

exchange) cotton stoppered, and autoc1aved. 

Inoculum. Initially the test organisms used were unialgal CUl-

tures of Navicula seminulum var. Hustedtii Patr., a moderately 

sensitive fresh water diatom common to many unpolluted streams. All 

cultured populations, including stocks used for inoculum,were main-

tained in Shirer Constant Environment Rooms at controlled temperatures 

with accuracy to + 1°C around each ambient temperature. Constant 

agitation and aeration was provided by Burrel wrist-action shakers 

and photoperiod of 16 hours light at an intensity of approximately 

2690 - 3228 lux at the culture flask surface was provided by 2 G.E. 

daylight fluorescent lights. During the remainder of each 24 hour 

period there was no measurable illumination. Prior to any use in the 

preparation of inocula, stock populations were maintained in the lab-

oratory for severa 1 months wi th vleek1y transfers to assure an active 

division rate characteristic of the species during periods of rapid 

growth. 

Population cell lines at each of three ambient temperatures, i.e. 

18, 23, and 29°C, \'/ithin and spanning the normal optimum range 

of the species were later established. Continuous culture with weekly 
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transfers for a period exceeding 5 consecutive weeks at each temperature 

provided actively dividing diatom populations for use as inoculum. 

Replicate populations were prepared for various temperature 

exposures in each experiment by inoculating each flask with 1 ml. of 

diatoms in uniform suspension to insure uniform numbers. A Waring 

blender equipped with a sterilized mini-container (110 ml.) was used 

to insure uniform suspensions of diatoms at a relatively constant 

temperature. Since blending diatom suspensions generates considerable 

heat, temperature increases controlled during this process by 

packing the exterior base reservoir of the blender mini-container 

with crushed ice and blending the diatoms for exactly tV/O minutes. 

Previous tests using this technique demonstrated teMperature control 

at ambient:!:. 2°C during blending. This procedure \AJas adhered to 

throughout all phases of these experiments. Each flask was inoculated 

with 1 ml. of a uniform diatom suspension. At the time of inoculation, 

a cell count \'Jas made using the A.S.T.r'!. technique developed by Patrick 

(1968) to determine the number of diatoms per microscopic field intro-

duced into each culture. A total of 60 fields was counted and statis-

tically cnalyzed. Since both the cell age and density affect the 

number of divisions occurring, all inocula used were composed of cells 

harvested on the seventh day of gro\vth, adjusted to similar starting 

densities (mean number of cells per microscopic field). Cell counts 

consisting of 100 fields per population were made at the end of each 

7 day experiment and statistically analyzed to estimate the amount of 

cell division \1hich had occurred in all populations. 
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Autecological investigations involved duplicate experiments with 

replicate populations at each of three ambient temperatures, i.e. 18, 

23, and 29°C. Experimental design permitted simultaneous inoculation 

of all populations used in exposure to Stresses 1-3 on day 3 for use 

in evaluating immediate and delayed effects. Immediate effects of 

Stress 1 applied on day 7 to 18, 23, and 29°C populations were also 

measured in separate experiments. Stress 4 applied tn experiments 

utilizing 29°C populations only. 

Temperature Stress. Temperature stress was applied to normal 

diatom populations in four general categories designed for maximum 

simplicity and reproducibility. The categories represent certain types 

of defined abrupt temperature shocks to which aquatic microorganisms 

might be subjected due to the presence of electric power generating 

facilities on aquatic ecosystems. The technique used allowed the 

exposure of intact, actively growing populations at several ambient 

temperatures wi thin the optimum grm'lth range of the test organism. 

Temperature stress categories utilized were defined as follows: 

(1) Stress 1, increases of approximately 10-12°C in less than 20 

seconds with a return to approximately ambient in less than 60 seconds; 

(2) Stress 2, increases of approximately 7°C ;n less than 1 hour hdth 

maintenance at this increase for the duration of the growth period, 

i.e. approximately 96 hours; (3) Stress 3, a combination of Stresses 

1 and 2; and (4) Stress 4, increases of approximately 4°C in less than 

1 hour \'1; th rna i ntenance at thi s increase for the durati on of the 

period, approximately 96 hours. 
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General simulation of certain types of temperature shocks which 

could possibly result from entrainment through steam condenser cooling 

lines, and overall downstream addition of thermal effluents were thus 

attained. All experiments were run for 7 days with stress application 

within this period. The experimental design measured both immediate 

and delayed effects of stress on replicate populations with stress 

application on either day 7 or day 3 respectively. Since cultured 

diatom populations may exhibit a lag pha'se up to 48 hours, stress 

application between days 3 and 7 assured exposure of actively growing 

replicate cell lines in the exponential growth phase. Also, the 

third to the seventh day is the time when the growth rate can be most 

accurately correlated with the effects of the test medium, thus assuring 

maximum numbers of physiologically similar cells. Temperature stress 

was applied in two basic selected for their simplicity and 

control. The first, Stress 1, involved flasks fitted with sterile 

thermometer equipped stoppers for visual temperature monitoring. 

Stress 1 was effected by immersing the flask containing an intact 

diatom population into a lOQoC water bath for exactly 8 seconds. Re-

mova 1 of the fl ask all Q\ved a conti nued temperature ri se due to the 

heat retention of the glass until 9-10°C above ambient was attained. 

The flask was immediately immersed into a cold water bath at 5°C for 

20 seconds and removed. The temperature continued to rise 1-2°C 

during this irrnnersion, and then leveled off beginning the descent to 

approximately ambient whiCh occurred in less than 60 seconds. Stress 

2 was attained by Simply transferring intact diatom populations to a 
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second environmental growth chamber maintained at 7°e above the ambient 

temperature under test. Such a transfer permitted the temperature of 

the intact population to reach the loe increase in less than 1 hour. 

Stress 3 involved exposure of populations to a combination of both 

Stress 1 and 2, just described above. The last category, Stress 4, 

was added to provide information relative to the 29°C ambient popu-

lations (upper growth range) only. It became evident in the preceding 

experiments that these populations experienced severe damage following 

Stress 2. As a result, experiments involving a lower but equally 

abrupt temperature stress, Stress 4, were carried out. The purpose 

of these experiments was to measure any sub-lethal transitional effects 

occurring prior to severe destruction of 29°C populations following 

Stress 2. Stress 4 was effected by transferring 29°C populations to 

another environmental growth chamber maintained at 4°e above ambient. 

In addition, experiments were conducted on older, less viable 

diatom populations under prolonged culture at 20 0 e in the same media, 

i.e. 14-30 days. These studies involved tvlO organisms, Navicula 

seminulum var. l1ustedtii Pat. and pelliculosa (Breb.) Hilse. Fogg 

(1959) sugges ted ; n di scuss i ng 1 aboratory s tudi es of di a toms and other 

algae that fat accumulated in nitrogen deficient cultures. Prolonged 

culture in the same media v/ith high density populations vias carried 

out here to produce large numbers of diatoms under multiple stress, 

including nutrient deficiency, crowding, etc. These diatom populations 

were investigated as to (1) changes in their unormalll fluorescent 

patterns due in part to increased fat resulting from such stress, and 
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(2) changes following additional stress from temperature shocks. 

Temperature stresses in these experiments were administered in controlled 

temperature water baths as increases above ambient of (1) 60°C for 2 

hours, (2) 20°C for 24 hours, and (3) lOoe for 24 hours. The extremely 

abrupt temperature shock of 60°C for 2 hours was designed to induce 

extreme cellular alterations as a reference point in appraising lower, 

more realistic shocks. The effects of the. various stress 

categories were examined relative to immediate and delayed responses 

of diatom populations. Stress 1 was applied on days 3 and 7 in dif-

ferent experiments. Stresses 2-4 were ah'lays applied on day 3. All 

population sampling for examination of effects was done on day 7. 

Synecological Studies 

Collection and Culture. Synecological studies were conducted to 

assure positive correlations bet\',een cellular fluorescence patterns of 

laboratory populations and dominant species components of mixed natural 

field communities. Various different ponds and streams were initially 

samp 1 ed for su i tab 1 e tes t rna teri a 1 . Hm'1ever, all communi ty co 11 ecti ons 

used in test cultures in the described experiments were collected in 

the New River in Giles County, Virginia. Since diatoms are usually 

a dominant group in the fall, spring, and winter. samples were taken 

from diatometers (Patrick, Hahn, and Hallace 1954) at appropriate 

times in the winter and spring months at various existing ambient 

tempera tures . Di a tometer s 1 ides \'/ere placed in the ri ver to permi t 

colonization by existing species for 7-21 day periods at the same 
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collection site for use in various experiments. Once colonized all 

collections were returned to the laboratory immediately and prepared 

for continuous flO\A/ and static culture maintenance. Hater chemistry 

consisting of dissolved oxygen, alkalinity (as CaCo ) total hardness, 
3 

carbon dioxide, pH, and temperature were taken at collection time 

using a HACH model AC-36-WR water testing kit.* While such water 

chemistry does not provide definative evidence, it supplies general 

information about the environmental conditions under \tlhich the diatoms 

vlere co 11 ected. 

Continuous flow culture provided a reliable means of in lab 

maintenance of intact diatom communities on the original field collection 

substrate. This permitted a study of the normal fluorescent patterns 

of dominant communi ty components. Such patterns caul d then be compared 

to those seen in populations under normal autecological culture. In 

addition some limited studies of the immediate effects of one type of 

short-term defined temperature shock could be evaluated. The continuous 

flow culture system consisted of maintaining colonized slides exposed 

to a continuous flow of water of the same general physio-chemical 

characteristics of the collection site. Communities were kept in 

artificial plexiglass streams in a laboratory ecosystem described 

previously in detail in Lorton and Cairns (1971). The reservoir 

tank of the continuous flow laboratory ecosystem contained circulating 

dechlorinated New River \'/ater. Addi tional v/ater chemistry VIas carried 

*Hach Chemi cal Co., Ames, Iowa 50010 U.S.A. 
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out in the laboratory ecosystem and compared to the field site on 

each collection day to confirm physio-chemical similarity. Flow 

rates and temperature from each culture trough in use were checked 

daily and recorded. 

Static cultures were designed to expose natural diatom communities 

to conditions generally similar to the prolonged, high density cul-

tures previously described in the autecological studies. The general 

effects of temperature shocks as an added stress on these communities 

relative to light and ultraviolet microscopic surveys could, thus, be 

compared to those seen in autecological studies. 

Static cultures were prepared as follows. The contents of dia-

tometer s 1 ides \'Jere scraped into water in whi ch they were co 11 ected, 

passed quickly through nylon bolting cloth to remove extraneous 

material and poured into 16 1/2 x 10 1/8 x 2 1/4 enamel pans filled 

with water from the collection site. Static cultures t'/ere stored in 

Shirer Environmental Chambers to acclimate communities to the labo-

ratory ambient temperature of 20°C (+ 1°C). A photoperiod of 16 

hours light (at an intensity of 2690 lux at surface of the culture) 

and 8 hours with no measurable illumination per 24 hours was also 

maintained. Cultures were maintained for a maximum of 7 days; older 

cultures were discarded. 

Temperature Stress. Numerous fluorescent surveys on dominant 

community components consisting of normal diatom communities and those 

from SUb-optimal cultures were carried out to establish characteristic 

cellular patterns prior to their use in any experiments. Normal diatom 
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communities examined came from two sources; (1) samples collected 

from the river site and immediately returned to the lab and placed 

on test, and (2) samples maintained in the lab under continuous 

flOvl cul ture. 

Because of the difficulty of simulating temperature shocks of 

extended duration under continuous flow conditions, only abrupt, 

extremely short term types could be effected. The purpose af these 

limited studies was to try and detect immediate and short term delayed 

effects. Long term effects vJere not cons; dered. Here t i mmedi ate 

temperature increases of 16-l8°C for less than 30 seconds with iwme-

diate return to ambient were accomplished as folloVls. Diatometer 

s 1 ides (16 tota 1) seeded \'Ii th a 7 day old corrmuni ty \'1ere co 11 ected 

and transferred to the laboratory. In the lab, the slide communities 

\'1ere rna i nta i ned under conti nuous flovi as prev; ous ly descri bed for an 

additional 7 days for generally acclimation prior to testing. The 

temperatures at the river collecting site and the lab ecosystem were 

identical, i.e. 22°C. Two troughs served as controls v/hile another 

two \'lere exposed to increased temperature. Temperature stress was 

app 1 i ed by pump; ng hea ted \1a ter from the a rti fi ci a 1 ecosys tern I shead 

tank into the two experimental area troughs until the temperature 

stabilized at lB-2loC. Four slides from the holding trough at 22°-23°C 

were quickly transferred to each of the experimental troughs and left 

for 25 seconds. The slides were then quickly returned to the control 

trough and continued in culture at ambient. Four control slides were 

handled similarly by transfer from troughs at 22°-23°C to different 
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troughs at the same temperature. Samples consisting of 2 slides were 

taken from each trough at 1 and 24 hours following shock and examined 

for immediate and delayed effects respectively. Community components 

were scraped from slides into beakers of distilled water and wet 

preparations were made from'the beaker contents as needed for micro-

scopic surveys. The surveys consisted of examining 1000 diatoms at 

random and noting the general cellular patterns of the majority of 

community components. The remainder of the beaker contents was 

preserved in 4% formalin for later identification of dominant community 

components. 

Static community cultures \'Jere exposed to the same temperature 

stresses described previously for prolonged culture, high density 

population studies. Test cultures were prepared by taking 50 ml. 

aliquots of diatom suspensions from stock pan cultures and dispensing 

them into 250 rnl. cotton stoppered Erlenmeyer test flasks on the day 

the experi ment commenced. Counts \-Jere done ina SedvJi ck Rafter 

Chamber to estimate the number of diatoms per ml. in the inoculum. 

Replicate communities were run in each treatment group. Experimental 

communities grovJing at 20°C Here placed in \t/ater baths at the various 

elevated temperatures for the indicated time periods. Control commun-

ities were also kept in water baths at ambient temperatures during 

experimental periods. At the conclusion of the temperature stress 

periods, each culture \'/as sampled and examined. Surveys t'/ere carried 

out in the same fashion described for the continuous flow communities. 



16 

Examination Criteria 

A total of 36 experiments ",as conducted to determine the feasi-

bility of utilizing the following criteria in measuring changes in 

diatoms resulting from exposure to defined abrupt temperature shocks: 

(1) General surveys carried out under the light microscope to note 

major changes in total cellular content, pigmentation, and general 

structure; (2) Autofluorescence surveys to note major physio-morpho-

logical alterations in the cell metalloporphyrin content (Chlorophyll 

a + c) as expressed by chloroplast content and ultraviolet fluorescence. 

Thermal damage to the labile carotenoid accessory pigments, character-

is ti c of the Chrysophyta, \lOul d a 1 so undoubtedly be man; fes ted through 

the cell·s metalloporphyrin fluorescence patterns; (3) Induced fluor-

escence surveys on total visible cellular lipid patterns using 3,4 

Benzpyrene - Caffeine lipid fluorochrome; (4) The ability of diatoms 

to survive and reproduce (autecological studies only). 

Fluorochroming Fluorescent Surveys 

All diatom samples vlere taken from a uniform suspension irrrnediately 

following mixing in a Waring mini-container blender packed with ice 

as described previously. Cells were concentrated by centrifugation 

at approximately 3100 r.p.m. in 15 ml. conical centrifuge tubes for 

2 minutes. After removal of the supernatant media) cells were fluoro-

chromed by the method of Berg (1951) th 3)4 Benzpyrene comp 1 exed to 

Caffeine in aqueous solution. Cells remained in the fluorochrome for 
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20 minutes followed by re-concentration by centrifugation after v/hich 

supernatant fluorochrome \'/aS removed. Cells were given three successive 

rinses by dilution through re-suspension in sterile distilled \'Jater. 

After re-concentration by centrifugation, cells \'iere immediately 

examined to assure maximum fluorescence. Samples were also prepared 

lacking the fluorochrome to serve as background fluorescence controls. 

vIet preparat; ons \'Iere made on standard 3 x 1 H m; croscope sT; des ri nsed 

in distilled water with 24 x 50 mm. coverslips and scanned \I/;th a 

random recording of fluorescence patterns. A total of 1000 cells from 

an aliquot representing approximately one third of the total culture 

population or community were examined. 

In autecological experiments involving normal N. seminulum cells 

(Experiments 1-14) results were recorded as to the specific percent 

displaying altered fluorescent patterns. In all synecological and 

sub-optimal culture studies the major fluorescent trends noted in 1000 

cell surveys were recorded. Altered cells represented any readily 

visible deviation from the established normal patterns of autofluor-

escence and induced fl uorescence. These \'/ere descri bed accordi n91y 

in differtnt shock categories. 

Ul traviolet microscopic surveys \'1ere conducted on a Leitz Ortholux 

microscope equipped with an ultraviolet light source from an HBO 200 

mercury lamp with BG 38 and UG 1 filters. Additional surveys on 

chlorophyll autofluorescence were also conducted with BG 38 and BG 12 

fi 1 ters • 



RESULTS DISCUSSION 

All results presented here are based on the application of the 

previously described examination criteria on autecological and syne-

cological experiments. There are several difficulties in identifying 

and evaluating algal cellular physiological alterations prior to or 

after cell expiration utilizing light microscopic surveys. Severe, 

consistent morphological damage afflicting the majority of species is 

usually accompanied by cell expiration and offers limited assistance 

in detecting sub-lethal cellular abberations. Since only certain 

species of diatoms exhibit motility, movement as a criterion for cel-

lular damage is generally inadequate. Reproduction as a manifestation 

of and primary productivity have been used vlith some success 

in partial evaluations of various pol1utional stresses. 

Light microscopic examinations to provide reference data on control 

diatoms from regular autecological and continuous flow synecological 

culture revealed similar general cellular characteristics. Normal 

cellular content, pigmentation, and intact structure prevailed in the 

majority of diatoms. Light microscopic appraisals of control sub-

optimal cultures, i.e., prolonged high density autecological and static 

synecological cultures, revealed certain general differences. Cellular 

content and pigmentation \<Jere some\'1hat reduced in many dominant community 

components of the control static synecological cultures. Autecological 

cultures v/hile displaying little visible decrease in total content 

and pigmentation did appear more opaque with many cells displaying 

18 
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deformed structures usually manifested by flattened or blunt cell 

ends. 

Attempts were made here to develop and evaluate the use of new 

criteria, i.e., total cellular fluorescent patterns with emphasis on 

lipids and metalloporphyrins, as a measurement of lethal and sub-lethal 

cellular alterations follovling stress. Hopefully the data generated 

here can provide insight as to major physio-morphological alterations 

resulting from the exposure of diatoms to abrupt thermal stress. 

Initial ultraviolet microscopic surveys on control diatoms estab-

lished normal cellular fluorescent patterns under various culture 

conditions for reference purposes. Comparison of control cells from 

regular autecological and continuous flow synecological culture re-

vealed great similarity. Control diatoms \'Jere consistently dominated 

by a characteristic red autofluorescence of the cell chloroplast. 

Accompanying this was limited faint blue 3,4 Benzpyrene - Caffeine 

induced lipid fluorescence. The majority of lipid fluorescence sur-

rounded the chloroplast in close proximity to cellular poriferal 

membranes and represented a minute percentage of the total cellular 

fluorescence. Additional blue to blue-white lipid as a "grainyll 

scattered pattern within the red chloroplast tended to impart a red 

to red-pink (blue-\·,hite + red) fluorescence to the chloroplast. The 

apparent lack of visible cell lipid after fluorochroming is in agree-

ment Vii til normal log phase phys; 01 ogy; ;. e. ce 11 sin the exponenti a 1 

grov/th phase possess hi gil quanti ti es of protei n, cil 1 orophyll, and 

nucleic acids and 10vi quantities of carbohydrate and fat. In other 
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studies, Navicula pelliculosa following photosynthesis for 2 minutes 

in the presence of C14 -labeled bicarbonate demonstrated less than 20 

percent entering the fat fraction (Fogg, 1966). While control cells 

cultured at 18, 23, and 29°C were generally similar in gross fluores-

cent characteristics, 29°e diatoms indicated a possible slight decrease 

in chloroplast content. 

Surveys of control cells from populations under sub-optimal culture, 

i.e. prolonged, high density autecological and static synecological 

culture, also revealed greatly similar fluorescent patterns when com-

pared. In addition, major deviations from the patterns just described 

for cells under more optimum culture \-Jere clearly evident. i-1arked 

increases in visible cellular lipid fluorescence \'/ere seen in the vast 

majori ty of di a toms observed. One noti ceab1 e cons i s tent excepti on vias 

Diatoma vulgare Dory. var. Breve Grun which often lacked such visible 

increase in induced lipid fluorescence. In most other species, however, 

high concentrations as blue-\<Jhite spherical deposits on either side of 

the visible central chloroplast were characteristically present. The 

increased lipid probably can be attributed to cell degeneration resulting 

in increased lipid metabolism as described by Fogg (1966). 

Autecological Studies 

Experiments 1 and 2 (Table I) involved the exposure of replicate 

diatom populations at an ambient temperature of l8°e to Stresses 1-3 

on day 3 of the growth period. Light microscopic surveys demonstrated 

no consistent differences between any control or experimental popula-

tions with reference to cellular content, pigmentation, and general 
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cellular structure. Ultraviolet fluorescence microscopic surveys 

also failed to demonstrate any consistent differences bet\:.Jeen control 
I 

and experimental populations. The vast majority of cells displayed 

patterns characteristic of viable log growth phase diatoms. Of the 

very fel;l altered cells seen in all populations, the majority possessed 

increased lipid. A great many of these could be the original cells 

introduced as inoculum at the beginning of the growth period. 

Reproduction data relative to all replicate populations in experiments 

1 and 2 (Fig. 1,2) indicated no consistent decreases resulting from 

exposure to Stresses 1-3. Reproduction expressed as an estimate 

of the number of di vi s ions occurri ng in the 7 day grO\"th peri ad. 

However, the possibility of some irregular growth stimulation in 

certain populations following Stress 2 was evident. This is probably 

best explained by the fact that the populations \-/ere moved closer to 

their optimum growth temperature by the 7°C increase without any 

noticeable effects of the abruptness of the increase (less than 1 hour). 

Patrick (1969) has demonstrated similar stimulation with gradual 

temperature increases on components of glass slide diatom communities 

in controlled greenhouse studies. Here, increasing temperatures over 

the naturally occurring temperature resulted in biomass increases 

until temperatures of 29-30°C were attained. 

Experiments 3 and 4 (Table II) were designed to investigate the 

immediate effects of Stress 1 on day 7 of the growth period relative 

to cell physio-morphology. Both light and ultraviolet microscope 

surveys failed to indicate any differences between control and 
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experimental populations follo\'ling stress. 

Populations midway in the growth range at an ambient temperature 
I 

of 23°C \'/ere investigated following Stresses 1-3 on day 3 in experi-

ments 5 and 6. All populations examined did not contain any consistent 

differences under all microscopic surveys. Table III summarizes data 

from the fluorescent surveys and displays extremely small numbers of 

cells with physio-morphological alterations. The few cells with 

deviated fluorescent patterns were like those described for 18°C 

populations. 

Population growth data for 23°C ambient diatoms is summarized in 

figures 3, 4. Here, similar estimates of reproduction expressed as 

number of divisions can be seen between all populations following 

all stresses. Experiments 7 and 8 (Table IV) involved a study of the 

immediate effects on 23°C populations exposed to Stress 1 on day 7. 

No significant differences in visibly altered diatoms relative to 

fluorescent surveys were noted. 

Experiments 9 and 10 involved studies of diatoms acclimated near 

the upper threshold of the optimum grov/th range of the species, i.e., 

29°C. Here (Table V) exposure of populations of N. seminulum to 

Stress 1 produced no significant differences, immediate or delayed, 

in the total percent of altered cells seen in all microscopic surveys. 

Only normal numbers of cells vlith altered fluorescent patterns v/ere 

noted. Exposure to Stresses 2 and 3, however, produced a marked 

effect on all diatom populations tested. The vast majority of stressed 

cells viewed had major cellular alterations. Light microscopic comparisons 
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of experimental and control populations revealed reductions in cellular 

content and the appearance of internal opaque areas in many experimental 

cells. The pigmentation of the majority of stressed cells \'/aS charac-

terized by a green coloration as opposed to the yellow-broltm coloration 

characteristic of normal diatoms. This striking brown to green color 

change undoubtedly was the result of temperature induced destruction 

of the labile carotenoids characteristic of diatoms as a group_ 

Fluorescent surveys aided in better defining the physio-morpholo-

gical damage seen under the light microscope. Stressed cells revealed 

various lipid fluorescent patterns ranging from increases like those 

seen in the few altered cells of 18 and 23°C populations, to decreases 

causing cells to be barely visible as fuint blue "ghosts". Autofluor-

escence surveys of chlorophyll in cells following Stresses 2 and 3 also 

demonstrated narkcd differences from control diatoms. A total lack 

of the characteristic red fluorescence was seen indicating degradation 

of the cellular chlorophyll content in most of the populations. 

Ex per i men t s 11 an d 1 2 ( Tab 1 e VI) i n vol ve d expo sin 9 29 ° Cpo p u 1 at ion s 

to Stress 1 on day 7 to measure any immedi ate effects. L i gilt and 

ultraviolet nicroscopic surveys failed to detect increased numbers 

of cellular alterations following the standard criteria. 

Growth studies of populations acclimated to an ambient temperature 

of 29°C are summarized in Fig. 5, 6. Exposure of diatoms to all cate-

gories of stress produced negative effects upon population growth. 

Stress 1 alone, \vhich had no measurable effect upon the majority of 

diatoms acclin:ated at 18 and 23°C, caused a decrease in division in 
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most upper threshold populations as shovJn in data estimating final 

population numbers. Here, an extremely abrupt temperature shock of 

very short duration, i.e. 10-12°C increases above ambient in less 

than 20 seconds with a return to ambient in less than 60 seconds, 

produced results of possible considerable ecological significance. 

Temperature shocks of this general type alone and accompanied by other 

shocks can be anticipated in nevI high volume cooling systems of power 

generating facilities. Stresses 2 and 3 also produced population 

reductions, but of a rrore severe nature than Stress 1 alone. Stress 2 

alone and Stress 3 (Stress 1 + 2) produced the same general results in 

decreased divisions. The overall results of upper threshold populations 

exposed to abrupt temperature s tress can be summa ri zed as fo 110\,/5: 

(1) a general decrease in the number of divisions occurring in the 

normal growth period resulting in a lower number of individuals 

follovling all stresses, and (2) severe physio-morphological damage to 

the diatoms produced during decreased division following Stresses 2 

and 3. 

The dr'amatic shift in total cellular fluorescent patterns in 29°C 

populations following Stresses 2 and 3 prompted further experiments. 

These vlere designed to derronstrate the possible existence of a 

transitional phase of stress induced physio-rnorphological alterations 

occurring at a lower abrupt temperature increase. Stress 4 was designed 

to fill this need and provided a 4°C increase in less than 1 hour. 

Experiments 13 and 14 (Table VII) involved exposing 29°C populations 

to Stress 4 alone on day 3. Light microscopic surveys indicated no 
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general decreases in total cell content, or consistent, easily noted 

structural changes. However, opaque areas and some reduction in the 

intensity of pigmentation predominated in many of the cells examined. 

Interestingly, general total cellular fluorescent patterns of the vast 

majority of these stressed cells \'Jere like those seen and described 

for diatoms stressed in sub-optimal culture prior to any temperature 

shock. Harkedly increased lipid fluorescence (3,4 Benzpyrene - Caf-

feine induced) accompanied by decreased visible red chlorophyll auto-

fl uorescence viaS the cenunen pa ttern. 

The results of experiments 13 and 14 indicate a transitional or 

intermediate pattern in total cellular fluorescence lying between 

diatoms growing in log phase at 29°C with no stress and those receiving 

severe damage following Stress 2 or 3. As noted previously, the vast 

majority of cells grovJing at 29°C possess a dominance of red chloro-

phyll with little, faint blue induced lipid (3,4 

B r oFf' ) fl enzpyrene - ... ·a I 'el ne uorescence. Following Stress 4 (abrupt 4°C 

increase), a change in pattern to decreased red chlorophyll autofluor-

escence and increased blue to blue-white induced lipid fluorescence 

occurs. A greater total increase, i.e. Stress 2 (7°e increase), or 

Stress 3 (Stress 1 + Stress 2) results in a general decrease in total 

cellular fluorescence; both red chlorophyll autofluorescence and blue-

white induced lipid fluorescence. 

Figures 5 and 6 summarize growth studies of 29°C acclimated popu-

lations following Stress 4. Here, a lower number of divisions was 

noted at the end of the groVlth period. 
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The differences of up to approximately one division evident 

between certain control populations in separate experiments at l8°e 

(Experiments 1 and 2) and 29°C (Experiments 9, 10, 13, 14) vere found 

to be normal for the culture system employed. t"any factors inherent 

in the technique may be considered in explaining such differences as 

the variability in the duration of the lag phase, or slightly irregular 

division due to the close proximity of the ambient temperatures to 

both extremes of the grmvth range. 

Experiments 15-24 were designed to test different temperature 

shocks upon diatom populations already revealing stress resulting 

from sub-optimal culture. Cells fronl prolonged high density autecological 

culture at 20°C bearing increased lipid content were studied for major 

deviations from normal patterns. Experiments 15 and 16 involved ex-

posures of I!. pel1iculosa to 60°C increases for 2 hours followed by 

immediate microscopic surveys. Experiments 17 and 18 involved the 

same treatment with N. seminulum. Light microscopic examinations of 

all populations revealed severe cellular damage in most cases with 

structural alterations of cell contents (coagulation) and destruction 

of patterns; i.e. the characteristic brown-yellow 

color of the cells was changed to green. Ultraviolet microscopic 

examinations indicated that a large part of the internal cellular 

damage vias manifested by a decrease in visible cellular lipid and 

subsequent induced fluorescence. Varying degrees of decreased red 

chlorophyll autofluorescence were also seen. Similar results were 

secn in experiments 19-22 \·,her'e 20°C pr'estressed populations of iJ. 



27 

seminulum (Experiments 19, 20) pelliculosa (Experiments 21,22) 

were exposed to increases of 20°C (40°C) for 24 hours. The major 

vi sib 1 e di fferences beb'Jeen the two shocks under the u 1 travi 01 et 

microscope was more variable damage in experiments 19-22 than 15-18. 

Generally, a range in degrees of fluorescence from typical control 

patterns to an almost complete lack of fluorescence was characteristic 

of cells stressed in experiments 19-22 \'lhile more severe, consistent 

decreased fluorescence was noted in experiments 15-18. Populations 

exposed to temperature shocks of 100e above ambient for 24 hours were 

also observed in experiments 23 and 24 using populations of seminulum. 

No consistent major differences between controls and experimentals 

were noted in these surveys. 

Synecological Studies 

Experi rnents 25 and 26 vlere carri cd out on communi ti es co 11 ected 

in the field ut 20°C and immediately returned to the laboratory for 

studies of normal fluorescent patterns and those occurring after 

temperature stress. Table VIII lists the dominant species character-

izing their Control cell patterns under the light and 

ultraviolet microscopes were like those described for the normal diatoms 

from autecological culture. Here, exposure to increases of 20°C for 

24 hours produced overall decreases in total cellular fluorescence 

also similar to those noted in the autecological studies. 

Dominant components of diatom communities in continuous flow 

culture experiments are listed in Table IX. In these limited investigations 
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emphasis vlaS directed tov/ards establishing normal cellular patterns 

for comparison to laboratory cultured autecological diatoms. Some 

effort went tovla rds a pa rti a 1 appra is a 1 of one type of temperature 

stress. Experiments 27 and 23 involved the exposure of communities 

growing at 22-24°C to abrupt temperature elevations of 16-18°C for 

30 seconds. Dominant species were surveyed immediately after shock 

for visible effects upon cellular patterns only. No reproductive or 

delayed physio-morphological effects manifesting beyond the short 24 

hour study peri od \vere carri ed out. General compar; sons \·/ere made to 

the effects of Stress 1 on day 7 as applied to seminulum in aute-

c010gica1 culture at 23°C. Examinations of 1000 cells selected randomly 

of the various species in these communities like those in the N. semi-

nulum studies did not reveal significant differences between control 

and stressed groups. It should be noted that examinations to charac-

terize the structure of the communities used in these experiments 

indicated a predominance of Gomp:lonema certain species of vll1'ich 

are known to be broadly temperature tolerant (Wallace, 1955, Patrick, 

1969). 

Experimen 29-36 involved evaluating the effects of temperature 

stresses on static syneco1ogical cultures collected during the winter 

and early spring at various ambient temperatures. Stresses were the 

same as those previously described for sub-optimal autecological 

studies. As in previous efforts, all experiments were repeated for 

confirmation at different times with similar communities from the same 

collection. Dominant components characterizing the cor:munity struc-

ture of cultures used in experiments 29-34 are listed in Table X. 
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Experiments 29 and 30, 31 and 32, 33 34 received increases of 60 0 e 
for 2 hours and 20 and loge increases for 24 hours respectively. 

Immediate microscopic surveys revea1eJ results generally similar to 

those discussed for the sub-optimal autecological studies with the 

exception of the lOoe increase. The majority of dominant community 

components receiving 60 and 20 0 e stresses displayed severe cellular 

damage at the conclusion of the stress period. A degradation of 

cellular content and pigmentation resulting in the bro\'m-yellow to 

green color transformation previously noted along with a general 

overall decrease of cellular lipid and chlorophyll fluorescence were 

evident. Communities subjected to the lOoe increase, however, had a 

general decrease in cellular fluorescence which was not evident in the 

autecological studies. This may be due to the fact that the communities 

were originally collected at an ambient temperature of 9-10°C prior 

to pre-test lab acclimation at 20°C. hlhile acclimation in the labor-

atory at a lOve increase above the natural site ambient could be 

tolerated by the dominant community components, the additional test 

increase of loce was undoubtedly in excess of their upper threshold. 

This view is supported by later studies, experiments 35 and 36, using 

communities (Table XI) collected at the same site at an ambient 

temperature of 15-1GoC and acclimated to 20°C prior to testing. Here, 

temperature stresses of loge for 24 hours produced results similar 

to those seen in autecological studies; i.e. no consistent significant 

differences were noted. 

Several general ecological and physiological implications can be 
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noted in the results of these studies. First, a substantial amount 

of the intracellular lipid or its degradation products could be exuded 

out into the surrounding environment fol1m'ring the disruption of cell 

membranes by certain temperature stresses. The decrease in visible 

lipid seen here could be, at least in part, explained by such losses. 

If so, one general result \'/ould be an increase in lipid macromolecules 

in the environment, especially in the surface microTayer. Secondly, 

the nutritive value of diatoms would be considerably altered by any 

major change in its lipid content and this could have profound effects 

on other components of the food web. Thirdly, critical physiological 

relationships would obviously be affected by sub-lethal alterations in 

cell lipid. For example, it has been demonstrated that oil droplets 

normally accumulate in diatoms at the time for division approaches, 

and disappear following mitosis (Patrick and Reimer, 1966). Also, 

vertical migration of some species of algae, including diatoms, is 

dependent upon specific gravity changes due, in part, to cell oil 

globules (Hoar, 1966). Finally, damages to cell metalloporphyrin and 

labile carotenoid accessory pigments are of obvious significance in 

depressing autotrophic metabolism. 

The difficulty in attempting to explain natural population and 

community dynamics from the results of laboratory auteco10gical and 

synecological studies are acknowledged. It should be emphasized that 

the ultimate effects of actual heated waste water discharges upon a 

receivin9 system should be a major factor in deciding whether such 

discharges arc deleterious. Although some of the changes noted 
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might be harmful to the aquatic community in a receiving system, final 

evidence obtained from the receiving system itself v/i11 be necessary 

before one can s ta te \'Ii th assurance whether they do in fact occur. 

The value of work of this type is to isolate and indicate some of 

the factors which should be examined in the aquatic communities of 

systems receiving heated waste water discharges. Large scale simulation 

units which encompass more of the complex cause-effect pathways than 

usual types of laboratory experiments must also be utilized. 
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Figure 1. Summary of reproduction data for 18°C ambient populations 

of N. seminulum. Experiment 1. (Culture 1,2 = control, 

no stress; Culture 3,4 = stress 2; Culture 5,6 = stress 1; 

Culture 7,8 = stress 3). 
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Figure 2. Summary of reproduction data for 18°C ambient populations 

of N. seminulum. Experiment 2. (Culture 1,2 = control, 

no stress; Culture 3,4 = stress 2; Culture 5,6 = stress 1; 

Culture 7,8 = stress 3). 
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Figure 3. Summary of reproduction data for 23°C ambient populations 

of N. semi nul urn. Experi ment 5. (Cul ture 1,2 = control, 

no stress; Culture 3,4 = stress 2; Culture 5,6 = stress 1; 

Culture 7,8 = stress 3). 
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Figure 4. Summary of reproduction data for 23°C ambient populations 

of N. seminulum. Experiment 6. (Culture 1,2 = control; 

no stress; Culture 3,4 = stress 2; Culture 5,6 = stress 1; 

Culture 7,8 = stress 3). 
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Figure 5. Summary of reproduction data for 29°C ambient populations 

of N. seminulum. Experiment 9. (Culture 1,2 = control, 

no stress; Culture 3,4 = stress 2; Culture 5,6 = stress 1; 

Culture 7,8 = stress 3). 
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Figure G. Summary of reproduction data for 29°C ambient populations 

of N. seminulum. Experiment 10. (Culture 1,2 = control, 

no stress; Culture 3,4 = stress 2; Culture 5,6 = stress 1; 

Culture 7,8 = stress 3). 
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Figure 7. Summary of reproduction data for 29°C ambient populations 

of N. seminulum. Experiment 13. (Culture 1,2 = control, 

no stress; Culture 3,4 = stress 4). 
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Figure 8. Summary of reproduction data for 29°C ambient populations 

of N. seminulum. Experiment 14. (Culture 1,2 = control, 

no stress; Culture 3,4 = stress 4). 
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TABLE I. DATA SUHr,1ARY OF UL TRAVI OLET tU CROS caPl C SURVEYS OF 18°C 
AHBIENT POPULJ\TIONS N. STRESSES 
1-3 ON DAY 3. EXPERlf-iER'rS 1 AND 2.-

Population Treatment Treatment 
Number Stress 1 Stress 2 Day 

1 
2 

3 + 3 
4 + 3 

5 + 3 
6 + 3 

7 + + 3 
8 + + 3 

Percent Altered 
Cells per 1000 
Experiment No. 

1 2 

3.0 1 .2 
1 .0 3.3 

2.2 2.4 
1 .4 1 .6 

3.2 2.3 
1 .5 1 .6 

2.4 2.8 
3.6 0.4 
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TABLE II. DATA SUHi,jARY OF ULTRAVIOLET r·HCROSCOPIC SURVEYS OF l8°e 
POPULATIONS OF N. SEilUNULun RECEIVING STRESS 1 

ON DAY 7. AND 4. 

Population 
Number 

1 
2 

3 
4 

Treatment 
Stress 1 

+ 
+ 

Treatment 
Day 

7 
7 

Percent Altered 
Cells per 1000 
Experiment No. 

3 4 

1 .3 
4.2 

0.8 
1 .8 

3.1 
0.2 

2.3 
1 .0 
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TABLE I I I. DATA SUr,iHARY OF ULTRAVIOLET r.1ICROSCOPIC SURVEYS OF 23°C 
Ai .... BIENT POPULATIONS OF SEf,>HilULW1 RECEIVING STRESSES 
1-3 ON DAY 3. EXPERIf1EiITS 5 AND 6. 

Population Treatment Treatment Percent Altered 
Number Stress 1 Stress 2 Day Cells per 1000 

Experiment No. 
S 6 

1 1.3 2.5 
2 0.0 0.5 

3 + 3 1.5 1 .7 
4 + 3 1 .2 0.3 

5 + 3 1 .3 2.0 
6 + 3 2.2 0.5 

7 + + 3 1 .0 1 .2 
8 + + 3 3.2 0.3 
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TABLE IV. MTA SUf.U"J\RY OF ULTRAVIOLET tnCROSCOPIC SURVEYS OF 23°C 
POPULATIONS OF N. SEi,IHiULU;··j RECEIVING STRESS 1 

ON DAY 7. EXPERli·'lENTS rAND J. 

Population 
Number 

1 
2 

3 
4 

Treatment 
Stress 1 

+ 
+ 

Treatment 
Day 

7 
7 

Percent Altered 
Cells per 1000 
Expe ri men t No. 

7 8 

0.2 
O. 1 

0.0 
O. 1 

0.3 
1 .3 

0.4 
0.2 
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TABLE V. DATA SW1HARY OF ULTRAVIOLET rUCROSCOPIC SURVEYS OF 29°C 
POPULATIOiJS OF N. SEf·lINULUi'!t RECEIVIflG STRESSES 

1-3 ON DAY 3. 10-. 

Population Treatment Treatment Percent Altered 
Number Stress 1 Stress 2 Day Cells per 1000 

Experiment No. 
9 10 

1 2.9 0.9 
2 0.5 0.3 

3 + 3 99.5 99.5 
4 + 3 99.8 99.8 

5 + ") 0.3 0.3 .;) 

6 + 3 O. 1 1 .0 

7 + + 3 99.7 99.8 
8 + + 3 100.0 99.3 
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TABLE VI. Dl\TA SUi'¥ji·lliRY OF ULTRAVIOLET i'1ICROSCOPIC SURVEYS OF 29°C 
Ar18IEilT POPULATIO;'4S OF rJ. SEf.iINULUH RECEIVING STRESS 1 
ON DAY 7.. EXPERH,1EfiTS n AND 12. 

Population 
Number 

1 
2 

3 
4 

Treatment 
Stress 1 

+ 
+ 

Treatment 
Day 

7 
7 

Percent Al tercd 
Cells per 1000 
Experiment No. 

11 12 

1 .5 
2. 1 

0.8 
1 .2 

0.3 
0.8 

O. 1 
0.5 
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TABLE VII. DATA SW,lHt,\RY OF ULTRAVIOLET HICROSCOPIC SURVEYS OF 29°C 
AHBIENT POPULATIONS OF H. SEf.1INULUf·l RECEIVING STRESS 4 

Population 
Number 

1 
2 

3 
4 

ON DAY 3. EXPERH·iENTS 13 Ai4D 14. 

Treatment 
Stress 4 

+ 
+ 

Treatment 
Day 

3 
3 

Percent Altered 
Cells per 1000 
Experiment No. 

13 14 

0.8 
0.5 

99.7 
87.2 

0.2 
1 • 1 

99.1 
96.6 
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TABLE VIII. DOrviINAf-JT DII\TOn COr,1j·1UNITY COi,1PONENTS COLLECTED AT 20°C 
IN THE NEW RIVER, GILES COUNTY, VIRGINIA, 1970. EXPERI-
r,1ENTS 25 AHD 26 

Species 

1. parvulum 

2. Hi tzschi a fl"us tul urn 

3. Cocconeis placentula var. euglypta 

4. Fragilaria capucina 

5. Synedra rumDens --' --- _ ....... '--
6. Navicula salinarum yare intermedia 
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TABLE IX. DOrUNANT DIATOH COr·1HUNITY COLLECTED AT 22°C 
IN THE NEt-! RIVER, GILES COUilTY, VIRGINIA 1970. EXPERI-

27 AND 28 

Species 

1. Gomnhonema parvulum 

2. Cocconeis placentula var. euglypta 

3. Nitzschia amphibia 

4. Gomphonema long; ceps f. 9raci 1 us Hus tedt. 

5. Navicula sp. 1 

6, Navicula sp. 2 

7. Fragilaria construens var. subsalina Hustedt. 

8. sp. 

9. Nitzschia frustulum 
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TABLE X. DOHHU\rn OrATOr-] COi,1:1urHTY COr'iPONEUTS COLLECTED AT 9-10°C 
In THE nEU RIVE.R, GILES VIRGIiHA, 1970. EXPERli1EUTS 
29-34. 

Species 

1. Diatoma vulgare Bory. var. breve Grun. 

2. Fraqilaria Desr:azieres 

3. Achnanthes lanceolata (Dreb.) Grun. 

4. Ni 1 is (Kuetz; ng) Grun. 

5. Navi cul a crYDtocenha 1 a va r. veneta (Kuetz.) Rabh. 

6. Cymbe 11 a tur'gi da (Gregory) C1 eve. 

7. Gomohonemo (Kutz.) 

8. 

9. 

10. 

11 • 

12. 

13. 

14. 

15. 

16. 

17. 

Fragilaria brevistriata Grun var. brevistrista 

Fraailaria intermedia Grunm'l -"" . .:........---
Synedr'a va r. fami 1 i ari 5 (Kutz.) Grun. 

" - ---' -.- ------
N i tzs amrhi bi a_ 

Synedra tabulata Pant. -'---- -----
Ni frlfs tul um (Kutz.) Grun. 

Achnanthes biasolettiana (Kutz.) Grun. 

Cocconeis placentula var. 

Achnanthes linearis F. curta H. L. Sm. 

sa1inarum var. intermedia (Grun) C1. 

18. var . (Ehr.) V. H. 

19. J va r. ros (as trups) Hustcdt. 

20. Navicula __ var. (V. H.) Patrick 

21. Br'un. 
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TABLE XI. DOiHNANT DIATOi·1 cOr"nUiHTY COnpONEUTS COLLECTED AT 15-16°C 
IN THE j"lEt'J RIVER, GILES COUNTY, VIRGINIA, 1970. EXPERIHEtJTS 
35 !\NO 36. 

Species 

1. Fragilaria capucina 

2. Gomphonema parvul um 

3. Nitzschia frustulum 

4. Cymbella turgida 

5. Achnanthes lanceolata 

7. Gomphonema venti; cosum Gregory 

8. Sy..!'edr-a tabul ata (Ag.) Kutz. 

9. Cyclotella alomerata Bachmann 

10. Cocconeis acentula var. euglypta 

11. Synedra hyperborea var. roste11ata Gruno\'! and Hien 



LITERATURE CITED 

Anderson, R., and Lommasson, R. 1958. Some effects of temperature 
on the grovrth of Chara Zelandica \·Jilld. Outler University 
Botanical Studies, 13(2): 113-120. 

Annual Book of A.S.T.M. Standards. 1970. Standard method of test 
for evaluating inhibitory toxicity of industrial waste waters. 
(A.S.T.M. Designation D 2037-68) Part 23, Hater; Atmospheric 
Analysis: 

Ayres, A. H. 1916. The temperature coefficient of the duration of 
life of Ccranium tenuissimum. 80tan. Gaz., 65-69. 

Barker, H. A. 1935. Photosynthesis in diatoms. Arch. Mikrobiol., 
6: 141-156. 

[3 a rr, D. J. S., and Hi c kma n, C. J. 1 9 (} 7 . C hy t ri ds and a 1 9 a e I. H 0 s t-
substrate range and morphological variation of species of 
Rhizophydium. Canadian J. Bot., 45: 423-430. 

Deer, L. P., and Pipes, W. D. 19G8. A practical approach: environ-
mental effects of condensor \'Jater di scharge in southwest 
Lake Ni clli gan. Staff f!eport, CornrI101lt'!ea 1 til Ed; son Co., 1 06p. 

Berg, N. O. 1951. i\ histological study of masked lipids. Stain-
ability, distribution, and functional variations. I\cta Pathol. 
Microbial. Scand. Suppl 0,90: 1-192. 

Butcher, R. VI. 1947 . The algae of organ i cally enri clied \vaters. J. 
Ecol., 180-191. 

Cairns, J. Jr. 1956. Effects of increased temperatures on aquatic 
organisms. Industrial Wastes, 1(4): 150-152. 

1968. The effects of dieldrin on diatoms. Hosquito I\lews, 28(2): 
177-179. 

Cairns, J. and Lanza, G. R. 1971. Pollution controlled cnanqes 
in algal and protozoan communities. In i;itchell, R. T. 
t-licrobiology of Polluted \:Jaters. John"1'Jiley and Sons, Inc., 

Yorr.-- - ----- -

Cairns, J. Jr., Lanza, G. R., and Parker, 8. C. (submitted) Pol-
lution related structural functional changes in algal and 
protozoan commun it i es vii th cmphas is on fresrn-Ja ter ecosys tems . 

59 



GO 

Cairns, J. Jr., Kaesler, R. L. and Patrick, R. 1970. Occurrence 
and Di s tri but; on of Di a toms and Other {,1 gae in the Upper 
Potomac River. Not. Nat. Acad. Mat. Sci. Phi1a. No. 436: 1-12. 

Carpenter, E. J. 1971. Annual phyto!11ankton cycle of the Cape Fear 
Hiver estuary, North Carolina. Chesapeake Sci., 12(2): 95-104. 

Chu, S. P. 1943. The influence of the mineral composition of the 
rnedi urn on the gro\,/th of p 1 anktoni c a1 gae. I I • lnfl uence of 
the concentration of inorganic nitrogen and phosphate phosphorus. 
J. Ecol., 31: 109-138. 

Dal1inger, H. 1887. The president's address. J. Roy. i4icr. Soc. 
Ser., 2,7: 185 -199 .. 

Dryer, t'L and Benson, N. G. 1957. Observati ons on the i nfl uence of 
the New Johnsonville steam plant on fish and plankton populations. 
Proc. Ann. Conf. S.E. Assoc. Game and Fish Comm., 10: 85-91. 

Fjerdingstad, E. 1962. Som2 remarks on a nevI saprobian system. In 
Biol. Prob. in Hater Pollution (999-HP-25) Third Seminar, u3. 
De pt. He a 1 th, Ed u cat ion, and He 1 fare, Has h i n 9 to n, D. C .. : U • S .. 
Govt. Printing Office. 

Fogg, G. E. 1959. Nitrogen nutrition and metabolic patterns in algae. 
Symp. Soc. cxp. B i 01 ., 13: 106 -125. 

1966. Alqal Cultures and Phvtoolankton Ecoloay, The University 
of \'J; scansfn-Press-;-nadison'. 

Hoar, H. S. 1966. General and Comparative Physiology. Prentice-Hall, 
Inc., Engl eNood eli ffs ,-fJe-\,,-Je rs ey. 

Holton, H., Blecker, H. II., and Onore, r·1. 1964. Effects of grm-lth 
temperature on the fatty acid composition of a blue-green alga. 
Phyto -chemi s try, 3: 595 -602. 

Jensen, L. D. 1970. Cooling water studies for the Edison Electric 
Institute, interurn report, site 12, James River. The Johns 
Hapk; ns Un; vers i ty. 

Kevern, N. R., and Ball, R. C. 1965. Primary productivity and energy 
relationships in artificial streams. Limnol. Oceanogr., 10: 
74-87. 

Kleinschmidt, H. G. and r-icf1ahon, V. A. 1970. Effect of temperature 
on the lipid composition of Cyanidium caldariuP.l. I. Class 
separa ti on of 1 i pi as, I I . Gi yc011 pi d at1d-j1hospho 1 i pi d com-
ponents. Plant Physio., 46: 2(16-289,290-293. 



61 

Ko1flat, T. 196B. Thermal Dollution - 19G8. Hearings before the 
SubcoLimittce 011 air and \'Jater' pol1ut'ion of the committee on 
public vlOrks, U. S. nate, ilinetietil Congress, Second Session, 
February, 1968. t'lashi ngton, O. C,!): U. S. Pri nti ng Off; ce, 
pg. 63. 

KolkvIitz, R. and f'iarsson, i-i. 1908. Okologie der pflanzlichen sapro-
bien, Berichtc Deutsch. Dot. Gess., 26a: 509-519. 

Krezoski. J. R. 1969. Denton Harbor power plant 1imnological studies. 
Part III. Some effects of pm'ter plant \'Jaste heat discharge on 
the ecology of Lake flichigan. Special Report No. 44 of the 
Great Lakes Research Division, The University of r·1ichigan, Ann 
Arbor. 

Lanza, G. R., Cairns, J. Jr., and Dickson, K. L. 1970. The use of a 
simple staining technique on diatom oopulations as a possible 
indicator of thermal pollution. Assoc. of Southeastern Biol., 
17(2): p. 52 (abstract). 

Lorton, E. and Ca i rns, J. Jr. 1971. A pre 1; rni na ry report on the effect 
of simulated passage of potential colonizing protozoans through 
the condenser of steam electric pm'ler generatir.g plant upon 
dm'mstr'eam protozoan cOEl:nunity developm2nt. Revista De Ciologia, 
7(3-4): 215-227. 

nargalef, R. 19S4. r,1odification5 induced by ciffcrent temperatures 
on the cells of obli uus (Cliloropilyceae) Hydro-
biologia, 6(1-2): 

r',1organ, R. P. I I, and Stross, R. G. 19G9. 0(';5 tructi on of Dh.'ltoP 1 ank ton 
in the cooling water supply of a steam electric station. 
Chesapeake Sci., 10(3 4): 16S-171. 

Patrick, R. 1949. A proposed biological measure of stream conditions, 
based on a survey of tile Conestoga 8asin, Lancaster County, 
Pennsylvania. Proc. Aca. Sci. Phila., 101: 277-341. 

1968. In Hater Quality Cr'iteria. Report of the National Technical 
Conrnittee to the Secretary of the Interior. Section 

III. Fish, other aquatic life, 

1969. Some effects of temperature on fresh\'later In Krenkel, 
P. A. and Par k e r, F. L. e d s., [3 i 01 0 9 i c a 1 As pe c ts 0 f Tfie-r rna 1 
Po 11 uti on, Vanderu; 1 t Uni vers i ty Press, Nashvi 11 c. 

Partick, R., Crum, B., and Coles, J. 1969. Temperature and manganese 
as dct0rmining factors in the presence of diatoms or blue-green 
algal floras in streams. 



62 

Patrick, R., Hahn, 1',1. H., and Hallace, J. H. 1954. 
determininq the pattern of the diatom flora. 
fiat. Sci. Ph i 1 a. rJo. 259: 1-12. 

A new method for 
flat. Nat. Acad. 

Peary, J. A. and Castenh01z, R. H. 1964. The effect of temoerature 
on the morpho logy of a thermoph i 1 i cal ga. AlTIer. J. Bot., 
51(6): 680. 

Phinney, H. K. and f.klntire, C. D. 1965. Effect of temperature on 
metabolism of periphyton communities developed in laboratory 
streams. Limno1. Oceanogr., 10(3): 341-344. 

Rhodes, R. G. and Herndon, H. 19G7. Relationships of temperature to 
zoospore production in Tetraspora atinosa. J. Phycol. 3(1): 
1-3. 

Sorokin, C. 1959. Tabular comparative data for the low and high temp-
erature strains of Chlorel1a. nature, 184: 613-614. 

1967. A new high temperature Chlorella. Science, 158(3805): 
1204-1205. 

Trembly, F. J. 1960. Research project on effects of condenser dis-
charge water on aquatic life. Progress Report 1959-1960, 
Bethlehem, Pa.: Lehigh University Institute of Research. 

1965. Effects of cooling water from steam electric power olants 
on biota. In 13io1. Probe in Uater Pollution (999-t'JP-25) 
Third Seminar, U. s: Dept. Health, Education, and Helfare, 
Washington, D. C.: U. S. Printing Office. 

Ha 11 ace, N. H. 1955. The effect of temperature on the qrm·.Jth of some 
fresh-Hater diatoms. Uot. flat. Acad. Nat. Sci. Phila. Ho. 
280: 1-11. 

Harinner, J. E. and 8rehmer, f,1. L. 1966. The effects of thermal 
effluents on marine organisms. Air and Hater Pollution Int. 
J., 10: 277-289. 



PHYSIO-MORPHOLOGICAL EFFECTS OF ABRUPT 

THERf'tAL STRESS ON orATor"iS 

by 

Guy R .. Lanza 

(ABSTRACT) 

The physio-morphological effects of several categories of defined 

abrupt temperature increases on diatoms \'jere evaluated. Autecological 

and synecological studies involving various ambient temperatures and 

culture conditions were examined. Populations were maintained in 

1 aboratory cul ture at three ambi ent temperatures vii thi n the opt; mum 

growth range of the species; i.e. 18, 23, and 29°C, and subjected to 

various categories of therma'! stress.. Stresses VJere designed to gen-

erally simulate abrupt temperature shocks which could result from 

entrainment through cooling lines of electric pO\'Jcr generating facil-

ities and downstream additions of thermal effluents. Other popula-

tions gro\'Jing at 20°C were prestressed by maintenance in sub-optimal 

culture and exposed to added stress in the fonn of temperature in-

creases. Synecological studies on diatoms from field collections under 

various normal and sub-optimal culture maintenance were also carried 

out for comparison with single species populations. 

Established criteria such uS light microscopic surveys on cell 

condition and effects on population growth (autecological studies 

only) were carried out. In addition, a new criterion involving total 



cellular fluorescent patterns; i.e. the autofluorescence of 

porphyt"i ns and the induced fl uor-escence of 3, 4 Benzpyrene - Caffe; ne 

fluorochromed lipid, was developed and initially tested as a new 

technique in measuring physio-morphological cellular alterations fol-

lowing thermal stress. Changes in cellular fluorescent patterns prior 

to, and following severe internal cellular destruction of diatoms 

are discussed along vlith certain eco1ogical and physiological implications. 


