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BIOLOGICAL EXAMINATION (10000)

10900 A. Procedure in ldentification

Critical identification of a specimen often is time-consuming,
even for an experienced biologist. Before using any key or other
aid to identification, carefully study the specimen for one to
several minutes. If necessary, find other examples and compare
them with the unknown.

It is important to know where or under what conditions the
organism lived before attempting to identify it. For example, did
it come from fresh water—a lake or a stream? Is it marine—from
the open ocean, shoreline, or estuary? Was it a free swimmer or
floater in the water? Was it a bottom organism, attached, crawl-
ing, or burrowing? Finally, turn to the following key to major
groups.

Only the more common types of aguatic organisms are illus-

trated here, with special attention to those most frequently used
in water quality evaluation. When specimens do not fit obviously
into one of the types listed, consult a professional biologist, a
microbiologist for the bacteria and fungi, or some of the refer-
ences provided. Descriptions of color and movement refer to
freshly collected or living specimens, or, in the case of micro-
scopic forms, to those preserved as described in Section 10200,

Sizes of the organisms illustrated in Plates 1 through 27 are
shown in parentheses in the legend. These are intended to rep-
resent common sizes, not absolute maxima or minima, Excep-
tional individuals and even whole localized populations may be
encountered that are considerably larger or smaller than the sizes
cited.

10900 B. Key to Major Groups of Aquatic Organisms
(Plates 1-35)

Beginning with couplet 1a and b of the Keys, choose one of the contrasting statements. Proceed to the couplet number indicated at
the end of the chosen statement and repeat the process. Continue until the name of an organism or a plate number is cited instead of
another couplet number. Additional information is provided in many of the plate legends.

Refer to
couplet No.
la. Macroscopic: The organism, mass, or colony is visible to the naked eye ..........covvviiiviiiiniiinin s 13
1b. Microscopic: Not readily visible to the naked eye ......vivemse i siivuistias Ty ot s 5648 f syl il 2
1. Key to Microscopic Organisms

2a. Specimen a single cell or a mass or colony of relatively independent cells (shapeless, rounded, or threadlike) ................. 3
2b. Specimen a many-celled, highly organized plant or amimal ........coccoiiiiiimime i s e s s s s 7

3a. Cells contain one or more pigments, including chlorophyll a (overall color may range through various shades of green, blue,
red, brown, or yellow)., ALGAE (for details, see Section 10900D following, “Key for Identification of Freshwater Algae™)...... 4
3b. - Cells:typically: colorless; lacking chlorophyllid: . ii. . Jodvi iiinns serssvmshsainiare vivavasbines svsssaeesnsasvsnsssssesars ssav s smas e 12
4a. Nuclei present; pigment confined to chloroplasts .. ... iiieviviiiaeiiiensiiunioen rarlbon b nsvioros s doness fineasbiven s snsinesnss paddos duns 5

4b. Nuclei, plastids, or vacuoles absent (pseudovacuoles may be present in certain filamentous forms). Pigment generally

diffused throughout cytoplasm. CYANOBACTERIA, Plate 1A.

5a. Cell wall permanently rigid, composed of SiO,, geometrical in appearance, and with regular patterns of fine markings;
composed of two essentially similar halves, one placed over the other as a cover. Golden brown to greenish in color.

DIATOMS, Plate 1B.

Sb. Cell wall, if present, capable of sagging or bending, rigidity depending on internal pressure of cell contents. Cell walls usually
of one PIege: vivissisiimn T ST e el t e e B0, R LA Lt i eliviinn i nhiddissnassis 6
6a, Cells or colonies nonmotile. Usually some shade of green. NONMOTILE GREEN ALGAE, Plates 1A, 1B, 28-35 (in part).
6b, Cells or colonies move by means of relatively long whiplike flagella. IGMENTED FLAGELLATES, Plates 4A, 4B, 28—

35 (in part).
7a. ' Body withcilia (hairlike structures used'for ToEOMOON) .. . foiuiiuisieiiiimis e sivaisis ssrsaiasrineabsosrasssrsasasssiosibinnsaveoreds 8
b BodySwtHOur-GaR UL S22 S ) SR 1200 SR o v 00 fosam e L8 IR0, QAN i e llg 9

8a. Body generally covered with cilia, usually somewhat elongate or wormlike, bilaterally symmetrical. Minute
FLATWORMS (Platyhelminthes), relatives of Planaria, Plate 9.
8b. Cilia confined to one or two crowns at anterior end, which often present the illusion of rotating wheels. Internal jaws
present. ROTIFERS (Rotifera), Plate 8.
9a. Long, slender, unsegmented worms that move by sinuous crawling or thrashing motion. ROUNDWORMS (Nematoda), Plate 9.
9b.  Possess-external skeleton and jointed apPENAAZES ... ... couoscsiessiosonsibiomsnsisiiaianios o asnsons veswisase o iavws s Beth st e e 10
10a. Crawl about or swim by means of jointed appendages thrust out from between two clamlike shells. All appendages can be
withdrawn entirely within shells when disturbed. OSTRACODS (Ostracoda), Plate 11.
10b. Swim rapidly by means of a pair of enlarged jointed appendages (antennae) that cannot be withdrawn inside carapace or
BUBILL . .o oom oot e e e R S e S5 e R H S R 0 S0 A S Y S S T e M A 11
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1la. Locomotor appendages (antennae) branched. Microcrustacea, CLADOCERA (Cladocera), Plate 11.
11b. Locomotor appendages (antennae) unbranched; body tapers toward rear. Microcrustacea, COPEPODS (Copepoda), Plate 11.
12a. Ingest and digest food internally (ingested food of various colors may be visible through body wall). Single-celled or
colonial, attached or free-living. PROTOZOANS (Protozoa), Plates 4B, 5A, 5B, and 6.
12b. Digest food externally and absorb products through cell wall. Often secrete masses of slime. BACTERIA and FUNGI,
Plates 26 and 27.

2. Key to Macroscopic Organisms

13a. Specimen a mass of filaments or a glob of gelatinous or semisolid material containing many tiny units, requiring microscopic
examination 1o determine details eb SEUCMINE ... . ssviarsesmmpie i sariis s b L st dppdmrayinnas e (L S LR sl oymv i py
13b. | Specimen; g well-organtzed ORI OB COIOBY .0 cns s dinnipomes < i AU T BOTY oneils Tan b utrmsdivaen ol sl binpiby bt i
14a. Organism plantlike; flowerlike structures, if present, do not respond when touched, generally are colored some shade of
PO, O T e el L £ o e S B v s i b A e b R e A F s D i [ a0 oK
14b. Organism animal-like; usually responds rapidly when touched, whether attached or free-living ...
158, iInternalibackbone PreEeRt (VEITEDIRIOR) ..« ci soaescoscssminronns soosiibasemidins bbbsny Srnvassiari nasesvhae sy ur s nndin s ss o s HNOEER
15b: Noiinterhal backbone present (MACTOIMVEFIEBIBIESYY .. couuwvamnnaiainanonswsises v s s s sam s s/ 6 il s Vs sas s s s sa 0
16a. Plant structure relatively simple. Attachment structures may be present, but no true roots or fibrous tissue. Larger
ALGAE, Plates 2A, 2B, 28 (Nitella), 33 (Chara and Batrachospermum), 35 (numerous).
16b. Plant structure usually includes true roots, stems, and leaves. Fibers or vascular tissue usually present; flowers or seeds
may be observed. (One atypical group, “watermeal,” consists only of tiny roundish masses, 0.5 to 1 mm in diameter,
often misidentified as algae.) HIGHER PLANTS, Plates 3A, 3B, and 3C,
17a. Side appendages, if present, are flat fins. FISHES, Plate 24,
17b. Side appendages, if present, are footlike, with separate digits. AMPHIBIANS, Plate 25.

3. Key to Macroinvertebrates

18a. Body bilaterally symmetrical (with right and left sides, but may be superficially coiled into a spiral); animal usually not
attached but may live inside an attached cocoon or case, or crawl about; usually solitary............cociiiiiiiiiiiiiiniinn
D Lt L L e A PPy Gy R P S e My e o
19a.. Body typically radially symmietiical ... .4 doswtfonmuantande ftl UG vt lgaaamend anth haien o athas st A
19b. Body or colony NONEVMIMEECAL . . «..uwwevminrns banasis i snacs SAMENES S ALH A TTTE 01400 2 G T4 e ST S PR e AR SRR
20a. Body mass generally porous; not a colony, sometimes finger- or antler-like. Freshwater representatives generally are
fragile, colored green or brown; marine forms tougher, various colors. SPONGES (Porifera), Plate 7.
20b:; Body massiDiberwases . fum eabakemngse et ol sdiiam 2l s o, sl il St St s nh B st o i Shatp Semrmriain s dnmala e+
2la. Animals with soft smooth bodies and tentacles around a mouth; no anus. Solitary or colonial. Larger colonies usually have
rigid limy skeleton of massive, branched, or fan-shaped form, HYDRAS, SEA ANEMONES, JELLYFISHES, CORALS, etc.
(Cnidaria), Plate 7.
21b. Body covering usually spiny, soft or rigid, flattened or elongate, typically having five radii, with or without spines or arms;
anus present. Solitary. Marine only. STARFISHES and relatives (Echinodermata), Plate 23.
22a. Colony a jellylike mass. a network of branching tubes, a plant-like tuft, or a lacy, limy crust or mass. MOSS ANIMALS
(Ectoprocta), Plate 22.
22b. Exclusively marine. Surface of body or colony relatively smooth but tough. Solitary forms, sac-like, with two external
openings. Exhibit all degrees of colonialism. Compound forms range from thin slimy masses, with organisms arranged in
tiny radial patterns, to huge, shapeless masses resembling tough frozen gelatin. SEA SQUIRTS, SEA PORK (Ascidiacea,
Urochorda, Chordata), not illustrated.
23a. Animal living within a hard, limy shell, soft body (Mollusca or Brachiopoda) ...........coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiie i
23b. Antmal without a1y 8hell. . oo nvuvasmmpnasmeran s s ts oo vl e vos 14 s I PETEL BT SRR SR
24a. Jointed legs present (may not be functional). Body may be hard or SOft..........ocoiiiiiiiiiiii e
24b. Jointed legs absent, body covering mostly soft, animal pliable (a hardened head capsule may be present).....................
25a. Body girded by annulations or creases at regular intervals, dividing it into many small segments much wider than long..........
25b. Segments present or absent; if present, not much wider than they are 10ng .........cciviiiiiiiiiiniiiiiin i san e s ians
26a. Body with suction disk at one or both ends, in length usually less than 10 times its width. LEECHES (Annelida,
Hirudinea), Plate 9.
26b. Body without suction disks, in length usually more than 10 times its width; hairs or bristles often evident. SEGMENTED
WORMS (Annelida), Plates 9 and 10.
275, Body-unsepmented.........icimnmssasssitisrvinieriibiiinieasssars s s s i s i bt b L B L R sl
27b. Body segmented, slender. TWO-WINGED FLIES (Diptera), Plate 16.
28a. Body long and slender, appearing smooth, evenly tapered to a fine point at one end. ROUNDWORMS (Nematoda), Plate 9.

* Invertebrates retained on a U.S. Standard No. 35 sieve (0.5 mm).
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Refer to
couplet No.

16
15
17
18

23

21
20

22

29
24
30
25
26
27

28
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28b. Body flat, elongate, or oblong; pigmented spots on head; head often spade-shaped. FLATWORMS (Platyhelminthes,
Turbellaria), Plate 9.
28¢, Body long and slender with a circle of tentacles at one end; lives in a sandy tube, marine (Phoronidea), Plate 22
20a. Shell consisting of two hinged halves. BIVALVES (Pelecypoda) or LAMP SHELLS (Brachiopoda), Plate 21.
20b. Shell entire, usually spiral but may be “coolie hat” -shaped. SNAILS (Gastropoda), Plate 20.
30a. BOdy With FUNCHONAL IEZS. . ..vuvuetirins it teii e e e e e s s st
30b. Body without functional legs, mummy- or capsule-like, living in a cocaon. PUPAE (Insecta), Plates 15, 16, and 17.
3la. Body with three pairs of legs. Larvae, nymphs, and some adults (InSecta) ........ooiiiiiiniinnnin
31b. Body with more than three PAILS OF LEES. .. vuuvrnerunsrsmasesuiensii e shi et s e st s e e ab s e b e s s e masa s
32a. Body compact, spider-like, with four conspicuous pairs of legs (two other pairs of appendages present). WATER MITES
(Acari) or SEA SPIDERS (Pycnogonidea), Plates 12 and 22.
32b. Body with at least five conspicuous pairs of legs. CRUSTACEANS (Crustacea)............ooooiiirniiniiieriini e
32¢c. Body covering hard; divided into broad head, truncate body, and sharp tail section (marine). HORSESHOE CRAB
(Arachnoidea), Plate 22.

4. Key to Crustacea

33a. Paired compound eYes 0N SEAIKS ...... . iiieiiiiunrebieintusrie s e s ee e e e s s e e e e

33b. Paired compound eyes, if Present, SESSIIe. .. ooiuuiimuimmiirin i b
34a. Carapace, if present, does not fuse with more than four thoracic SEgments.............ooioiiiiii
34b. Carapace fused with all thoracic segments; pincers present. Decapoda, Plate 12.

35a. Carapace covers most of the thoracic segments. Mysidacea, Plate 11.

35b. Carapace extends over the anterior segments of abdominal region. Leptostraca, Plate 12.
36a. Body flattened hOHZOMEAILY . ...uueuetrerunrrniuneunss i e sraeh s b e b b et bbb e e s s e e e
36b. Body flattened laterally. SCUDS (Amphipoda), Plate 12.

37a. First pair thoracic legs with pincers. Tanaidacea, Plate 12.

37b. First pair of thoracic legs pointed and similar to all thoracic legs. Isopoda, Plate 12.

5. Key to Insect Pupae

38a. Back of pupa with small, paired, hook-bearing plates. CADDISFLIES (Trichoptera), Plate 15.
38b. Back without paired hook-bearing plates but may have knobs or bristles...... B L 1 L L s y a2
39a. Developing wings (pads) held free from body. BEETLES (Coleoptera), Plate 17.
39b. Wing pads closely appressed to body, mummy-like, or appendages not evident..............ocooiiii i
40a. With one closely appressed pair of wing pads, but not fused to body; or capsule-like, appendages not evident. TWO-
WINGED FLIES (Diptera), Plate 16.
40b. TwoO Pairs OF WITE PAAS ... ouvuiuuvevnsiusionsvransbnssueesbs s oh b aaa e st s a e s bnead e e b e e hb b e Lo
41a. First two or three abdominal segments with spiracles (holes for breathing) on each side; body without numerous projections.
AQUATIC MOTHS (Lepidoptera), not illustrated.
41b. Body differing from above, may have numerous knobs or other projections on back. HELLGRAMMITES (Neuroptera and
Megaloptera), Plate 15.

6. Key to Insect Larvae, Nymphs, and Some Adults

42a. Animal flea-like, with a bifid projecting appendage on the underside. SPRINGTAILS (Collembola), Plate 22.
42D, ANTIMAL OFREIWISE . ovniviiiiisiienanenansssssunssssassnsstessssssessasmessnsansonssonresssnssssssbossilidedansaiasaninssasesdissshesiiinie
43a. Body ending in long segmented fiAMENTS .......ovniinie i e s St
43b. Long filaments absent or, if present, NOt SEEMENTEA. . ... ... iuuiuiniunsitnr et s e st et s e st s bbb
44a. Two tail filaments, all legs ending in two claws. STONEFLIES (Plecoptera), Plate 13.
44b. Middle and hind legs ending with one claw, three tail filaments (usually). MAYFLIES (Ephemeroptera), Plate 13.
45a. Back of body covered with two hard wing covers, a pair of membranous wings underneath the covers. ADULT BEETLES
(Coleoptera), Plate 17.
45b. Back without hard WiNZ COVES......oiiuieuiuuiinuiiumimiausinsinrnnesssssssbassbsnsesban e beasanbsnssaasnsnnis b siesbe e et
46a. Body with exposed membranous wings or wing pads on back ..........coooiiin
46b. Body without membranous wings or wing pads (Jarvag). ........cvvvureeeriiiniiestir b
47a. Membranous wings present; held flat and in a V-shape on back. Mouth parts formed into a long, sharply pointed beak folded
underneath body. TRUE BUGS (Hemiptera), Plate 18.
47b. Membranous wings absent, wing pads present. Mouth parts formed into an extendable, scoop-like mask that covers face.
(OONETAY . .. 8 st e oo o L2 SN L LU 3000, Sl otuien 3 A 5 b 6 b SRR 0l i o a0 800 e s e G IR i
48a. Body ending in three oblong, fan-like plates. DAMSELFLIES (Zygoptera), Plate 14.
48b. Fan-like plates absent. DRAGONFLIES (Anisoptera), Plate 14.
49a. Mouth parts formed into slender curved rods nearly half as long as body (less than 10 mm). SPONGILLA FLIES
(Neuroptera), not illustrated.

Refer to
coupler No,
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Refer to

couplet No.

49b,. Month parts:adapted-Tor BIINE of CHEWINE . vuvvibusivisin s svsnsovaiiasven v fiee sisd iy s s sene s s wadvs saisad sssrrta e i 50
50a. Body with five paired knobs on underside of abdominal segments, legs on first three segments short and stubby. Often

found on lily pads. AQUATIC MOTHS (Lepidoptera), not illustrated.

50b. Body without paired knobs on underside of abdOmen..........covuiuiriiiuiiaimienins s 51

51a;-Sidesiof each abdomindl segmenit with a slender, TAPETIE PIOCESS .« ivx v viuvins sihrtsons sonsensivn sedaibssontssss s dEien i Stnnginass 52

51b. Sides of each abdominal segment without a tapering process, but may have hair-like or tubular processes..............ccoeeeninee. 53

52a. Body ending in a pair of hook-bearing fleshy legs or in a single tapering filament. HELLGRAMMITES and relatives
(Megaloptera), Plate 15.

52b. Body otherwise. BEETLES (Coleoptera), Plate 17.

Body covering mostly hard; knobs, hairlike processes, or other special ornamentation may be present on back, or else body is
entirely soft except for a hardened head capsule. BEETLES (Coleoptera), Plate 17.

Most of body soft except for a hardened head capsule and with one to three hard plates on the back of first body segments;
tubular processes may be present on sides of the body in various arrangements. Body may end in a pair of hook-bearing legs.

Most larvae living in portable cases made of bits of sticks, leaves, or sand or in attached fibrous cases. CADDISFLIES
(Trichoptera), Plate 15.

53a.

53b.
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Plates 1 through 27, which follow on succeeding pages, present over 300 marine and freshwater organisms commonly found in
natural, polluted, and treated waters. These plates were drawn for this work by Lhisa J. Reish of Olympia, Washington. Figures were
redrawn by Lhisa J. Reish from original illustrations by Dr. Harold Walker (Figure 15C, 16 A, K, L, and O) and Dr. W. Bridge Cooke
(Plates 26 and 27). In a number of instances, it would have been impossible to illustrate a certain organism for the purposes of this
manual were it not for the courtesy of other publishers, who permitted illustrations from their publications to be redrawn to be
incorporated herein. The following organisms were so reproduced:

Plate
IB  S—Achnanthes, courtesy of Veb Gustav Fischer Verlag, Jena. Source: Die Susswasser—Flora Mitteleuropas, Heft 10, by F. Hustedt, 1930.
U—Coscinodiscus, courtesy of E. Schweizerbart’'sche Verlagsbuchhandlung, Stuttgart. Source: Das Phytoplankton des Susswassers, Die
Binnengewasser, Band X VI, Teil 11, Halfte 11, by G. Huber-Pestalozzi and F. Hustedt. 1942, Plates CVII-CXVI and CXXIIL
W—Skeletonema, courtesy of Academische Verlagsgesellschaft, Leipzig. Source: Die Kieselalgen, by F. Hustedt. In: L. Rabenhorst,
Kryptogamen-Flora von Deutschland, Osterreich und der Schweiz, Band VII, 1930,
8 I—Notholca Robert W. Pennak, Fresh-Water Invertebrates of the United States, Copyright© 1953, The Ronald Press Company, New
York. Figure 116N, page 190, adapted for Figure 8, courtesy of The Ronald Press.
11 H—Diaptomus (copepod)
12 H—Cambarus (crayfish, crawdad) courtesy of Holden-Day, Inc., San Francisco, California. Source: Needham & Needham’s Guide to the
Study of Freshwater Biology, 1951, Figures 1 and 10, Plate 14, page 37; Figures 16, 18, and 20, Plate 24, page 61; and Figure 9,
Plate 14, page 37.
19 E—Tarebia,
H—Lymnaea (pond snail),
[—Orb snail, and
J—Ferrissia (limpet), courtesy of R.M. Sinclair, Advisor for Biological Sampling and Analysis (American Public Health Association),
13th ed.
K—Lanx (limpet) courtesy of John Wiley & Sons, Inc., New York. Source: Ward & Whipple, Fresh Water Biology (2nd ed.), W.T.
Edmondson, Editor, 1959. Figures 43.62B(E), 43.13(H), 43.20(I) and 43.14(K).
22 C—Limulus (horseshoe crab) courtesy of Western Publishing Company, Inc., Golden Press Division, Racine, Wisconsin. Source:
Seashores, a Golden Nature Guide, 1955. Page 79.
23 A—Asterias, and
C—Thyrone, courtesy of Connecticut State Geological and Natural History Survey: Echinoderms of Connecticut, by Wesley Roswell Coe,
1912.
25 C—Ambystoma (terrestrial adult), courtesy of Dover Publications, Inc., New York. Source: Biology of the Amphibia, by G.K. Noble,
1931. Figure 147C, page 471.
D—Ambystoma (aquatic larva), courtesy of the New York State Museumn and Science Service, Albany, New York. Source: The
Salamanders of New York, by Sherman C. Bishop, 1941. Figure 33b, page 166. [Bulletin 324, New York State Museum, Albany.]
E—Necturus, courtesy of Dover Publications, Inc., New York. Source: Biology of the Amphibia, by G.K. Noble, 1931. Figure 35B, page
99.
G—Siren intermedia (siren), reprinted from Sherman Bishop: Handbook of Salamanders. Copyright 1943 by Comstock Publishing
Company, Inc. Used by permission of Cornell University Press.
26 A—Micrococceus,
B—Streptococcus,
C—Sarcina,
D—Bacillus,
E—Vibrio and
F—Spirillum, courtesy of John Wiley & Sons, Inc., New York. Source: Ward & Whipple, Fresh Water Biology (2nd ed.), W.T.
Edmondson, Editor, 1959. Figure 3.1.
K—Actinomycete growth form, Selman A. Waksman, The Actinomycetes. Copyright(c) 1957, The Ronald Press Company, New York.
Figure 2-6, page 18, adapted for Figure 26K, courtesy The Ronald Press.
O—Tetracladium, and
P, Q—Achlya, courtesy of John Wiley & Sons, Inc., New York. Source: Ward & Whipple, Fresh Water Biology (2nd ed.), W.T.
Edmondson, Editor, 1959. Figure 4.119 and 4.79.
28-35 Courtesy of U.S. Environmental Protection Agency. Source: Algae and Water Pollution by C.M. Palmer (R.L. Lewis, ed.), 1977. U.S.
Environmental Protection Agency, Off. Research and Development, Cincinnati, Ohio.
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Plate 1A. Cyanobacteria and green algae. Dimensions refer to individual cells or filaments. All organisms inhabit fresh water.

Cyanobacteria (Phylum Cyanophyta):
A—Aphanizomenon, aggregate of filaments
B—Aphanizomenon, detail
C—Gloeotrichia, portion of colony
D—Gloeotrichia, detail

Green algae (Phylum Chlorophyta):
E—Dictyosp’mﬂrl’um

(3-6 pm)

(cells 7-9 pum
diameter)

(8-14 pm)

F—Westella
G—Selenastrum
H—Tetrastrum
I—Crucigenia
J—Ankistrodesmus
K—Schizomeris

(5-7 pm)
(6-7 pm)
(59 pm)
(5-8 pum)
(2-3 pm)
(12-18 pm)
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Plate 1B. Yellow-green, green, and golden-brown algae. Dimensions refer to individual cells or filaments. All organisms inhabit fresh water.

Yellow-green algae (Phylum Xanthophyta): Golden-brown algae (Phylum Chrysophyta) (diatoms):
L—Botrydium (1-2 pm) R—Cocconeis (10 pm)

Green algae (Phylum Chlorophyta): S—Achnanthes (10 pm)
M—Stichococcus (3 pm) T—Cyclotella (10 pum)
N—Hyalotheca (12-30 pm) U—Coscinodiscus (120 pm)
O—Pithopora (50-100 pm) V—Rhizosolenia (5-15 pm)
P—Microthamnion (24 pm) W—Skeletonema (5-15 pm)
Q—Dichotomosiphon (50-100 pm) X—Biddulphia (100 pm)
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Plate 2A. Types of large marine algae.

Green algae (Phylum Chlorophyta): Brown algae (Phylum Phaeophyta):
A—Sponge weed, Codium (30—40 cm) D—Rockweed, Fucus (75 cm)
B—S8ea lettuce, Ulva (20 ¢m) E—Giant kelp, Macrocystis (30 m)
C—Sargassum (20-100 cm) F—Enteromorpha (40 cm)

G—Bull whip, Nereocystis (20 m)
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Red algae (Phylum Rhodophyta):
H—Corallina
I—Gracilaria
J—Gigartina
K—Plocamium

Plate 2B. Types of large marine algae and marine grasses:

(4 cm)

(50 cm)
(30-40 cm)
(30 cm)

L—Champia

Marine grasses (Phylum Spermatophyta):

M—Eelgrass, Vallisneria
N—Eelgrass, Zostera

BIOLOGICAL EXAMINATION (10000)

(1-6 cm)

(50 cm)
(45 cm)
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Plate 3A. Higher plants. All floating, freshwater inhabitants.

Phylum Spermatophyta: D—Watermeal, Wolffia (1-1.5 mm)
A—~Great duckweed, Spirodela (8 mm) Phylum Pteridophyta:
B Water hyacinth, Eichhornia (22 cm) E—Water velvet, Azolla (1 cm)
C—Lesser duckweed, Lemna (5 cm) F—Water fern, Salvinia (4 em)
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Submerged:
G—Pondweed, Potamogeton
H—Coontail, Ceratophyllum
I—Waterweed, Elodea

BIOLOGICAL EXAMINATION (10000)
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Plate 3B. Higher plants. All freshwater inhabitants (Phylum Spermatophyta).
J—Water milfoil, Myriophyllum (30 cm)
(30-60 em) K—Naiad, Najas (60 cm)

(30 cm) Emersed:
(15 cm) L—Pickerelweed, Pontederia (60 cm)
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Plate 3C. Higher plants. All freshwater inhabitants (Phylum Spermatophyta), emersed.

M—>Sweel flag, Acoruy (30 cm) O—=Cattail, Typha (1-2 m)

N—Spike rush, Eleocharis (30 cm)
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Plate 4A. Flagellates. Pigmented flagellates, various phyla. Freshwater inhabitants,

A—Pteromonas (5-18 pm) E—Cryptomonas (6-12 pm)
B—Lobomonas (5-14 pm) F—Ochromonas (7-14 pm)
C—Haematococcus (4045 pm) G—Chloramoeba (10-15 pm)
D—Chromulina (4-10 pm) H—Plarydorina (66-70 pm,

colony)
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Plate 4B. Flagellates. Freshwater inhabitants except as noted.

Pigmented (various phyla): N—Dinomonas (15-16 pm)
[—Pleodorina (B-10 pm) O—Oikomonas (5-20 pm)
J—Gonyaulax (marine) (10 pum) P—Anisonema (14-60 wm)
K—Gymmnodiniwm (marinc) (10 pm) Q—Cercomonas (10-36 pum)

Nonpigmented (Phylum Protozoa): R—Tetramitus (11-30 pum)
L—Astasia (40-50 pm) S—~Dendromonas (8 wm)
M—bodo (11-22 pm)
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BIOLOGICAL EXAMINATION (10000)

Plate 5A. Amoebas (Phylum Protozoa).

A—Nuegleria, (a) amoeboid stage, (b) flagellated D—Amoeba radiosa
stage, (c) cyst stage (10-36 pm) E—Pelomyxa

B—Amoeba, (a) amoeboid state, (c) cyst stage (30-600 pm) F—Difflugia

C—Acanthamoeba (Hartmannella), (left) amoeboid G—Actinophrys

stage, (right) cyst stage (15-25 pm)

(30-120 wm)
(0.25-3 mm)
(40 pm)
(25-50 pm)
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Amoebas:
H—Arcella (side view)
I—Arcella (top view)

Plate 5B. Amoebas and nonpigmented flagellates (Phylum Protozoa).

Nonpigmented flagellates:

(30260 pm) J—Peranema

(30-260 pm) K—Mastigamoeba
L—Anthophysa
M—Monas

10-129

(40-70 pum)
(28-200 pm)
(50 pm)
(5-16 pum)
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BIOLOGICAL EXAMINATION (10000)

A—Lionotus
B—Pleuronema
C—Paramecium
D—Colpoda
E—Stvlonychia

Plate 6. Ciliates (Phylum Protozoa).

(100 pm) F—Euplotes
(38-120 pm) G—Aspidisca
(50-330 pm) H—Voriicella
(12-110 pm) I—Tintinnidium

(100-300 12m)

(70-195 um)
(30-50 pm)

(40-175 pm)
(40-200 pm)
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Plate 7. Sponges and coelenterates.

Sponges (Phylum Parifera): Coelenterates (Phylum Cnidaria):
A—YVYase sponge, marine (1 cm) E—Hvdra extended with bud, freshwater (2 em)
B—Sponge spicule types (0.2-0.5 cm) F—Obelia extended (a) and contracted (b)
C—Trochospongilla, 3 gemmules, freshwater (1 mm) hydranth and gonotheca (c¢), marine (2-10 cm)
D—Purple sponge, Haliclong, marine (1-10 cm) G—Ilellyfish (medusoid stage), Craspedascusta,
freshwater (1015 mm)
H—Sea anemone, Anthopleura. marine (5-15 cm)
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Plate 8. Rotifers (Phylum Rotifera). All freshwater inhabitants. Dimensions include spines.

A—Epiphanes (0.6 mm) H—Keratella (0.2 mm)
B—Philodina (0.4 mm) I—Nothelea (0.2 mm)
C—Euchlanis (0.25 mm) J—Trichocerca (0.6 mm)
D—Proales (0,45 mm) K—Synchaeta (0.26 mm)
E—RBrachionus (0.2 mm) L—Filinia (0.15 mm)
F—Monostyla (0.15 mm) M—Polyarthra (0.175 mm)
G—Kellicottia (1 mm)
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Plate 9. Roundworms, flatworms, and segmented worms. (a) anterior end, (b) posterior end, (c) tubes, (d) mud surface, (¢) setae, (f) anterior sucker, (g)
posterior sucker. All freshwater inhabitants.

Roundworms (Phylum Nematoda): Segmental worms (Phylum Annelida, Class Polychacta):
A—Plectus (1.0 mm) F—Manayaunkia, lives in tube (5 mm)
B—Triplya (1.0 mm)
Segmental worms (Phylum Annelida, Class Hirudinea):
Flatworms (Phylum Platyhelminthes): G—Leech (3—6 mm)
C—~Planaria (5-13 mm)
H—Leech (3-6 mm)
Segmented worms (Phylum Annelida, Class
Oligochaeta):
D—Tubifex, sludgeworm (2.5-5 mm)

E—Dero (3—7 mm)
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BIOLOGICAL EXAMINATION (10000)

Plate 10. Segmented marine worms (Phylum Annelida, Class Polychaeta).

A—Scale worm, Halosydna

B—Syllids, Typosyllis

C—Nereid, Nereis

D—Nephtyid, Nephtys

E—Onuphid, Diopatra. in tube covered with shells
F—Spionid, Polydora

(5 ¢cm)
(2-5 cm)
(4-15 cm)
(5-25 cm)
(5-25 cm)
(2—4 cm)

G—Capitellid, Capitella

H—Ice cream cone worm, Peclinaria

[—Feather duster worm, Sabella

J—Chaetopterid, Chaetopterus. lives in U-shaped tube
K—Terebellid. Pista

(24 cm)
(1-3 cm)
(10-15 cm)
(10-20 cm)
(10-15 cm)
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Plate 11. Crustaceans (Phylum Arthropoda). All freshwater inhabitants, except as noted.

Order Cladocera:
Order Copepoda:
H—Diaptomus (2 mm)
A—Leptodora (9 mm) I—Tigriopus, marine (2—4 mm)
B—Moina (1.5 mm) Order Ostracoda:
C—Daphnia (2 mm) J—Ostracod, marine (2-3 mm)
D—Alona (0.4 mm) Order Mysidacea:
E—Bosmina (0.4 mm) K—Holmesimysis, marine (10-20 mm)
F—Diaphanosoma (1.5 mm) Order Cirripedia:
G—Polyphemus (1.5 mm) L—Barnacle, Balanus, marine, a. top view,
b. side view (10 mm)
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Plate 12. Crustaceans and Pycnogonid (Phylum Arthropoda).

Crustaceans; G—Jassa, marine (1.5 cm)

Order Leptostraca: Order Decapoda:
A—Epinebalia, marine (10-20 mm) H—Crayfish or crawdad, Cambarus, freshwater (150 cm)

Order Cumacea: I—Shrimp, Spirontocaris, marine (3-6 cm)
B—Oxyurostylis, marine (8-12 mm) J—Mud crab, Hemigrapsus, marine (3-6 cm)

Order Tanaidacea: K—Fiddler crab, Uca, marine (3-6 cm)
C—Anatanis, marine (8-10 mm) L—Ghost shrimp, Callianassa, marine (5-10 cm)

Order Isopoda: M—Cancer crab, Cancer, marine (3-18 cm)
D—/dotea, marine (1-3 cm) N—BIlue crab, Callinectes, marine (10-20 cm)
E—Sowbug, Asellus, freshwater (2 cm) Pycnogonid, Class Pycnogonidea:

Order Amphipoda: O—Sea spider, pycnogonid, marine (10-20 mm)
F—Scud, Gammarus, freshwater (1.5 cm)
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Plate 13. Stoneflies and mayflies. All freshwater inhabitants.

Stoneflies (Order Plecoptera):

A—Adult, [soperla, Family Perlodidae
B—Nymph, Isoperla, Family Perlodidae
C—Nymph, Preronarcys. Family Preronarcidae
D—Nymph, Acroneuria, Family Perlidae

(14-23 mm)
(10-14 mm)
(1040 mm)
(20-30 mm)

Mayfiles (Order Ephemeroptera):
E—Adult, mayfly, Family Heptageniidae
F—Nymph, Stenonema, Family Heptageniidae
G—Nymph, Baetis, Family Baetidae
H—Nymph, Hexagenia, Family Ephemeridae
I—Nymph, Ephemerella, Family Ephemerellidae

(12-18 mm)
(10—-14 mm)
(7-14 mm)
(20-30 mm)
(8—15 mm)
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Plate 14. Damselflies, dragonflies (Order Odonata), All freshwater inhabitants,

A—Adult, damselfly (35-55 mm) D—Nymph, dragonfly, Macromia, Family Macromiidae,
B—Nymph, damselfly, Lestes, Family Lestidae (20-30 mm) showing “mask” both extended and contracted (1545 mm)
C—Adult, dragonfly, Macromia, Family E—Nymph, dragonfly, Helocordulia, Family Libellulidae (1545 mm)

Macromiidae (50-70 mm) F—Nymph, dragonfly, Hagenius, Family Gomphidae (15-20 mm)
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Plate 15. Hellgrammite and relatives, and caddisflies. All freshwater inhabitants.

Hellgrammite and relatives:

A—Adult, alderfly, Sialis, Family Sialidae

B—Larva, alderfly, Sialis. Family Sialidae

C—Adult, fishfly, Chauliodes, Family Corydalidae

D—~Larva, fishfly, Chauliodes, Family Corydalidae

E—Pupa. hellgrammite, Corydalus, Family
Corydalidae

F—Adult, dobsonfly, Corydalus, Family
Corydalidae

(9-15 mm)

(15-30 mm)
(15-30 mm)
{2040 mm)

(25-70 mm)

G—Larva, dobsonfly, Corydalus, Family Corydalidae

Caddisflies:
H—Larva and case, Triaenodes, Family Leptoceridae
[—Adult, Hydropsyche, Family Hydropsychidae
J—Larva and case, Ochrofricha, Family Hydroptilidac
K—Larva and case, Leptocella, Family Leptoceridae

10-139

(25-90 mm)

(10-14 mm)
(20-30 mm)
(4—06 mm)

(14=18 mm)
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Plate 16. Two-winged flies (Order Diptera). All freshwater inhabitants.

A—Pupa, midge, Chironomus, Family Chironomidae J—Adult, drone fly, Family Syrphidae (10-15 mm)
B—Larva, midge, Chironomus, Family Chironomidae (5-30 mm) K—Rat-tailed maggot, Eristalis, Family Syrphidae (15-30 mm)
C—Larva, midge. Ablabesmyia, Family Chironomidae (5-10 mm) L—Larva, Tabanus, Family Tabanidae (30-40 mm)
D—Adult, midge, Chironomidae (4-12 mm) M—Blowfly, Tabanus, Family Tabanidae

E—Larva, phantom midge, Chaoborus, Family Culicidae (8-12 mm) N—Larva, cranefly, Tipula, Family Tipulidae (3040 mm)
F—Larva, housefly, Musca, Family Muscidae (3-8 mm) O—Pupa, cranefly, Antocha, Family Tipulidae

G—Adult, sewage fly, Psychoda, Family Psychodidae (2-5 mm) P—Larva, mosquito, Aedes, Family Culicidae (10-15 mm)
H—Larva, sewage fly, Psychoda, Family Psychodidae (4-6 mm) Q—Pupa, mosquito, Culex, Family Culicidae

I—Adult, blackfly, Simulium, Family Simuliidae (2—6 mm)
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Plate 17. Beetles (Order Coleoptera). All freshwater inhabitants.

A—Adulr, riffle beetle, Stenelmis, Family Elmidae

B—Larva. Narpus, Family Elmidae

C—Adult, whirligig beetle, Dineutus, Family Gyrinidae

D—Larva, Dineutus. Family Gyrinidae

E—Adult, water scavenger beetle, Hydrophilus, Family
Hydrophilidae

F—Larva, Berosus, Family Hydrophilidae

(4—10 mm)
(7-15 mm)
(10-30 mm)
(2—40 mm)

(5-20 mm)
(2-5 mm)

G—Larva, Enochrus, Family Hydrophilidae

H—Adult, predaceous diving beetle, Dyriscus, Family
Dytiscidae

I—Pupa, Cybister, Family Dytiscidae

J—Larva, Cybister, Family Dytiscidae

K—Larva, water penny, Psephenus, Family Psephenidae

(1025 mm)
(2-40 mm)

(10-25 mm)
(3—-10 mm)
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Plate 18. True bugs (Order Hemiptera, all adults). All freshwater inhabitants.

A—Electric light bug, Lethocerus, Family Belostomidae  (20-70 mm) | D—Marsh treader, Hydrometra, Family Hydrometridae  (8—11 mm)
B—Backswimmer, Notonecta, Family Notonectidae (5-17 mm) E—Water strider, Gerris, Family Gerridae (2—15 mm)
C—Water boatman, Sigara, Family Corixidae (3-12 mm)
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Plate 19. Snails (Phylum Mollusea, Class Gastropoda). All freshwater inhabitants.

A—Apple snail. Pomacea, Family Pilidae (5 e¢m) ’ G—Vahvaa, side. wop and bottom views, Family Valvatidae (1 cm)
B—Marisa, side and top views, Family Pilidac (15 mm) H—Pond snail. Lyvmnaea. Family Lymnaeidae (15 mm)
C—Campeloma, Family Viviparidac (4 cm) I—Orb snail, top and side views, Helisoma, Family Planorbidac (1 cmy)
D—Faucet snail. Bithynia, Family Ammicolidae (2 em) | T—Limpet, Ferrissia, Family Ancylidae (2 mm)
E—Tarefia, Family Thiacidae (15 mm) | K—Limpet, Lanx, Family Lancidae (10 1)
F—River snail. Pleurocera, Family Pleuroceridae (3 cm) ‘ L—Pouch snail. Physa, Family Physidae (3=3 mm)
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Plate 20. Some marine mollusks.

Snails (Class Gastropoda): H—Sea slug, Chromodoris
A—DBasket snail, Nassarius, Family Nassidae (2-5 cm) Chitons (Class Polyplacophora):
B—Moon snail, Polinices, Family Naticidae (5-8 cm) I—Conspicious chiton, Stenoplax (3-6 cm)
C—Horn snail, Cerithidea, Family Cerithiidae (1-3 ¢m) Tusk shell (Class Scaphopoda):
D—Bubble snail, Bulla, Family Bullidae (3-5 c¢m) J—Dentalium (2—4 cm)
E—Olive snail, Olivella, Family Olividae (2-3 cm) Octopus (Class Cephalopoda):
F—Busycon, Family Melongenidae (5-8 cm) K—Octopus (3—10 cm up to
G—Periwinkle, Littorina, Family Littorinidae (1 cm) I m or more)
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Plate 21. Bivalves (Phylum Mollusca, Class Pelecypoda).

Freshwater species:
A—Spectacle case, Margaritifera, Family Margaritiferidae
B—Pearly mussel, Pleurobema, Family Unionidae
C—Pearly mussel, Gonidea. Family Unionidae
D Winged lampshell, Proptera, Family Lampsilinae
E—Papershell, Anodonta, Family Anodontidae
F—7ebra mussel (examples of color patterns). Dreissena
G— Asiatic clam, Corbicula, Family Corbiculidae
H—Fingemail clam, Sphaerium, Family Sphaeriidae

(10 cm)
(10 ¢m)
(10 cm)
(13 cm)
(14 cm)
(5 em)
(4 ¢cm)
(1 cm)

Marine species:
I—Jackknife clam, Tagelus, Family Psammobiidae
J—Quahog clam, Mercenaria, Family Veneridae
K—Soft-shelled clam, Mya, Family Myidae
L—Blue musssel, Myrilus, Family Mytilidae
M-—Rangia clam, Rangia, Family Matricidae
N—Oyster, Crassostrea, Family Ostreidae
O—Marsh clam, Polymesoda. Family Corbiculidae

(610 cm)
(610 cm)
(5-10 cm)
(6 cm)
(5 cm)
(9 ¢cm)
(4 cm)
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BIOLOGICAL EXAMINATION (10000)

Arthropods (Phylum Arthropoda):

Plate 22. Miscellaneous invertebrates.

A—Water mite, Limnochares, Class Arachnoidea, freshwater (3 mm)

B—Springtail, Orchesella, Class Insecta, Order
Collembola, freshwater

C—Horschoe crab, Limulus, Class Arachnoidea, marine

D-—Phoronis, Phylum Phoronidea, marine

E—Glottidia, Phylum Brachiopoda, marine

(2 mm)
(10-30 cm)
(2—4 cm)
(3-5 cm)

Phylum Ectoprocta (Bryozoa):
F—Bugula, a. colony, b. enlarged view, marine
G—Crisulipora, calcareous colony, marine
H—Zoobotryon, gelatinous colony, marine
I—Jellyball, Pectinatella, young colony, freshwater
J—Pectinatella, statoblast, freshwater

(1-3 cm)
(1-3 cm)
(20-100 cm)
(11 em)

(1 mm)
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Plate 23. Echinoderm types (Phylum Echinodermata). All marine.

A Starfich, Asterias, Class Asternidea

B—Sand starfish, Astropecten, Class Asteroidea

C—>3ea cucumber, Thyrone, Class Holothuroidea

D—Sea cucumber, Leptosynpta, Class
Holothuroidea

(15 cm) E—Sea urchin, Strongylocentrotus, Class Echinoidea
(10-20 cm) F—Sand dollar, Echinarachnius, Class Echinoidea
(10 cm) G—Brittle star, Amphiodia, Class Ophiuroidea

H—Brittle star, Ophiophelis, Class Ophiuroidea
(5-8 cm)

(6 ¢cm)
(7 cm)
(disl\' 15 mm)
(disk 15 mm)
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Plate 24. Some types of fishes (Phylum Chordata).

A—Jawless fish, lamprey, Petromyzon, Class D—Cartilage fish, stingray, Dasyatis, Class

Agnatha, freshwater (3045 cm) Chondrichthys, marine (2 m)
B—Ganoid fish, long-nosed gar, Lepisosteus, Class E—Spiny-rayed fish, perch, Perca, Class

Osteichthys, freshwater (2.4 m) Osteichthys, freshwater (30 cm)
C—Flatfish, flounder, Paralichthys, Class F—Soft-rayed fish, rainbow trout, Salmo, Class

Osteichthys, marine (30-60 cm) Osteichthys, freshwater (30 cm)



AQUATIC ORGANISMS (10900) 10-149

E
Plate 25. Types of amphibians (Phylum Chordata, Class Amphibia). All freshwater.

Frogs and toads (Order Salientia): D—Ambystoma, larva, inhabits water (5-15 cm)

A—Tadpole larva with hind legs beginning to E—Water dog or mud puppy, Necturus, gills

develop from the body of the tadpole present in adult (to 30 cm)

B Frog. Rana (30 cm) F—Salamander with flat tail, Notophthalmus (9 cm)
Salamanders (Order Caudata): G—Salamander, Siren, with gills and front pair

C—Ambystoma, adult, typically terrestrial (20 cm) of legs present (1 m)
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Plate 26. Bacteria and fungi. Diameter of most bacterial cells is less than 2 pm, although Beggiatoa (J) may range up to 16 pm in diameter and be of indefinite
length. All freshwater inhabitants.

Bacterial cellular forms and arrangements: I—Zoogloea growth form
A—Micrococcus J—Beggiatoa (sulfur bacterium)
B—Streptococcus K—An actinomycete growth form from compost
C—Sarcina
D—Bacillus Fungi:
E—Vibrio L—Leptomitus, showing zoospores and cellulin plugs
F—Spirillum M—Zoophagus with rotifer on mycelial peg (diam 3 pm)
N—Zoophagus, showing mycelial pegs
Sewage organisms: O—Tetracladium (diam 2.5-3.5 um)
G—Sphaerotilus cells P—Achlya, with oospores
H—Sphaerotilus growth form Q—Achlya, with encysted oospores
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Plate 27. Fungi. All freshwater inhabitants.
A—Geotrichum candidum colonies white F—Alternaria alternata colonies gray
B—Trichoderma viride colonies green G—Trichosporon cutaneum colonies white
C—Exophiala jeanselmei colonies black H—Pseudodallescheria bovdii colonies white
D—Cladosporium cladosporioides colonies black 1—Klasterskaya splendens
E—Fusarium colonies orange

Color plates of algae (Plates 28 through 35) follow page 10-167.
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10900 C. Key for Identification of Freshwater Algae Common in
Water Supplies and Polluted Waters*
(Plates 1A, 1B, 28-35)

Beginning with la and 1b, choose one of the two contrasting statements and follow this procedure with the “a” and “b” statements
of the number given at the end of the chosen statement. Continue until the name of the alga is given instead of another key number.

Refer o
couplet No.
la. Plastid (separate color body) absent: complete protoplast pigmented; generally blue-green: iodine starch testf negative

(Eranabactersa, e Eraen ALENEY w .o o i 5 ot o s S h s S0 5 8 S25 0 A0 0 g 0 S B s 4
Ib. Plastid or plastids present; parts of protoplast free of some or all pigments: generally green, brown, red. etc., but not blue-green:
1ot Stansh st PORITIVE DN TEBRBIMEL (o uscsi oo st swits i a5 s 5 A S s S S e A v S 4 e 2

2a. Cell wall permanently rigid (never showing evidence of collapse). and with regular pattern of fine markings (striations,

etc.); plastids brown to green: iodine starch testinegative: flagella absent: wall of two essentially similar halves, one placed

aver the other 48 @ COVET (AIBIOMIS) . ..o ou ittt et s e et e meaee et e sena e et s et se s e een e s e 29
2b. Cell wall, if present. capable of sagging. wrinkling. bulging. or rigidity. depending on existing turgor pressure of cell

protoplast: regular pattern of fine markings on wall generally absent: plastids green. red. brown, etc.: iodine starch testf

positive or negative: flagella present or absent; cell wall continuous and generally not of two Parts ........ocovivviiiiaieiin 3
3a. Cell or colony motile: flagella present (often not readily visible): anterior and posterior ends of cell different from one another

in contents and often in: shape (HRBCIIATE AMEREN:qouwsmss ommans sems e oo b v o a6 5 ss s s b5 oo oW s o WE 54 S5 55 SaE sy o 51
3b. Nonmotile; true flagella absent: ends of cells often not differentiated (green algae and associated forms).......ooovvviiicniieniiinn. 77

1. Cyanobacteria (Blue-Green Algae)

4a. Cells in filaments (or much elongated to form a thread). . ... e e b 5
Ak Coll ek 10 Or aSY BIATREI o oo s o R e S e S e S B e T T A S AR TS 23
38 HEIETOEVRES PIESEIE i e ows s s o ey o s s et 7L S H e Tt S S Pl s S S S T S PR e R S 6
St RIS BB v oot 2 i i i B T AR R T A S A B B A s oS T SO s VR s 14
6a. Heterocyst located at one end of fIIAMENL ... .o e e e 7
G Bty sts At varioas, ToCAEIONS, JI DRBITOI sy omions s om0 088845 B b AL 555 9
Ta. Filaments radially arranged in a gelatinous bead . . Rivularia
7bi Filamerits isoldted ‘or irregmlarly SrOMPEH . .o imes commims i i dim s s s S e 05 o 5555 55 SR SR e R SR 8
8a. Filament gradually narrowed t0 ONe end .. ..o et e e s nane s e Calothrix
8b. Filament not:gradually namewed t0/0HE: SN cous cosmmsnammmmmsmisem s i st 55 i oo o o0 s s soss Cylindrospermm
Oa. Bilament MABFPARCHEL .. ...t comee womsic me o sbbisms o v o Sy AR 500 5w S oo S e S e R S e S S R 10
9b, Filament with ocoasional (FRlSe) BEIERESE wo vz simmen sy s s s s s e 5 S F e S A 5 SR s e s ST 13
10a. Crosswalls in filament much closer together than width of filament..........ooooiiiiii s Nodularia
10b; Crosswalls in filament at least as far apart a5 WHdth OF RIMHEHT. .. coumvivsvawannss somonmengasmmins g sas s se s spas e s sags 11
11a. Filaments normally in tight parallel clusters: heterocysts and spores cylindric to long oval in shape. ............. Aphanizomenon
11b. Filaments not in tight parallel clusters; heterocysts and spores often round (0 OVal......oiiii et aes 12
12a. Filaments in'a common Selafinos mHASS q s memine s s o v s is s s s i ess asva A aies a5 Nostoc
12b.. Bilaments not 104 COMMBION SelatiNOS DIASS . oowrsassvmsnssmstntbes S sn s s e s msbio bt ot sas s s s ey s e saes Anabaena
135 FAIE BEanCTes T0 oS i uson s i i s i e o s 4 e s e bk 6 e s S B i B i A e L S i S Sevtonema
13b. False branches. single ... Tolypothrix
I4a. Filament or elongated cell attached at one end. \\Ilh one or more round cells (spores) at the other Chamaesiphon
14b. Filament generally not attached at one end: no terminal SPOTES PreSENL........vivuieieiriie i e e e ibeeianases 15
1§a:. Filamient with segalar spital form: thromgoit. i o s o s it ea s i dios i i s e S e s s i it 16
15b, Filament not spiral, or with spiral form limited to a portion of flament...........cooooiiiiiiiii e 17
168: FHATHERE SEPEATE o onn ait w5 A S S SR S S e 3 b e M S s T Arthrospira
o S T T e B L oo T T es e O et Spirulina
174, Fildment very - nairow, only 068 1oy D0 BRIN WIS .« oo smammn simminssnm s s v s it s s 5, 25 i ¥ o sk 4 Aok Schizothrix
175, Eilament 3 t6:95 gt WAS .. . i s muns s ol sossssibsnbulie s st o s ba ik atsmd ais o s earnts WSk st st ook s s g s s e et 18
18a. Filaments loosely aggregated or not in clusters ..o, 19
18b. Filaments tightly aggregated and surrounded by a common gelatinous secretion lhd! may be invisible 22
19a. Filament surrounded by wall-like sheath that frequently extends bevond the ends of the filament of cells; filament generally
T OV IR o s T B e S e S S e B S e S s e S A R S e S e s AR E e e n e i e s e s 20
19b. Filament not surrounded by a wall-like sheath; filament may Show MOVEMENT. . ..oviiiiiiiiiiiiiie e raie e 21

20a. Cells separated from one another by @ SPACE . ... oot et e Johannesbaptistia

* Source: Parsvier, C.M. 1977, Algae and Water Pollution. Publ. No. 600/9-77-036. 1.S. Environmental Protection Ageney. Cincinnati, Ohio.
TAdd 1 drop of Lugol's (iedine) solution, diluted 1:1 with distilled water. In about 1 min. if positive, starch is stained blue and later black. Other structures (such as nucleus,
plastids. cell wall) also may stain, but turn brown o yellow.
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21a.

21b.

23a.
23b.

25a,
25b.

27a.

27b.

20b. CallsibycontactwithadiRoentiCeIIR..o. o v uahiisiisnvuunsiioresaseussvsns i ssnisais s s s snas oo AT A Avo b i Lyngbya
All filaments short, with less than 20 cells; one or both ends of filament sharply pointed ..........ccocovvienniinnin. Raphidiopsis
Filaments long, with more than 20 cells; filaments commonly without sharp-pointed ends ...............oooiiiinen. Oscillatoria
22a. Filaments arranged in a tight, essentially parallel bundle........c.coeveiiieiiineieaenninmininnenae. e PR Microcoleus
22b. Filaments arranged in irregular fashion, often forming a mat...........ccooiiiiiiiiiiiiiiiiiii i .. Phormidium
Cells in a regular pattern of parallel rows, forming a plate ..........oiviiniiiieniiiinmiieneiiiieieii s vainaaas Merismopedia
Cells notxepilarlic arranged to form:a PIAtE G .y s civinpawsmspssesii sape it dhss i s T 00000 ST o8 s SIS

24a. Cells regularly arranged near surface of a spherical gelatinous bead...........cccvvveiiinnnen. e Tn .. il S

24b. ‘Gelatinonsibead, if present; ot SpRERICEL. s oo iemmanrpivnni s sabons suigst o4 s s s Ve R g S Ee e § s AT AT

Cells ovate to heart-shaped, connected to center of bead by colorless stalks...........coooiiiiiiiiiiiiiiiiinann. Gomphosphaeria
€els TonAdywithiont: pelatinons Stalks: wasssona s vorprrimnrea SII0R SUREITRNG, G 210, GIUEORE S0y Coelosphaerium type
260 'Cellsicvlindricovalic i simmamns satsdisnbbeSinsss s nabbait shais st e, Sl s UL L RS AR e Aphanothece
26b: Gellespheticnl - soasgimaspdmtniam st entiivacissnss srsmn s iss v e svws 4 SRR RS S e e s 15 R R 2R T AR Ry TS Oe

Two or more distinct layers of gelatinous sheath around each cell or cell cluster ... Gloeocapsa
Gelatinousisheath around cells not distinetly- layered ..c:occeusainssaisiiiansinsaiamsriasdaube sas 58 e e b I 208 il

282y Cellsiisolated or:inicolonios of: 2 60 32:0l18 s ssiansiymisnmssio i o508 i oaasaasis iaavssiis saaieset saHssTes s samine Chroococcus
28b. Cellsin' colonies composed of many cells. [il .. Lol el i i Ll Anacystis (Microcystis, Polycystis)

2. Diatoms

29a.

29b.

3la.

31b.

33a.
33h.

35a.
35b.

37a.

37b.

39a.

39b.

4la,
41b.

43a.
43b.

45a.
43b.

47a.

Front (valve) view circular in outline; markings radial in arrangement; cells may form a filament (centric diatoms)..............
Front (valve) view elongate, not circular; transverse markings in one or two longitudinal rows; cells, if grouped, not forming a
flament (Dennate, dIatomS).. . i vuus s mirm s n e s st TR A s Dtk AL Sniaas e
30a. Cells in persistent filaments with valve faces in contact; therefore, cells commonly seen in side (girdle) view..... Melosira
30b. Cells isolated or in fragile filaments, often seen in front (valve) VIEW .......coiuiuiviiiniiiiinniiiiiicci i v

Radial markings (striations), in valve view, extending from center to margin; short spines often present around margin (valve

VIBW - e BB bt i e sm il s s e v e e s s DR i B s 2k et Frel e Stephanodiscus
Area of prominent radial markings, in valve view, limited to approximately outer half of circle, marginal spines generally

I e e e e s v e il e RS s e b e e S e e B s A s dbOSTEEosE e sl Cyclotella
32a. Cell longitudinally symmetrical N VAIVE VIBW .. ...cvurieieniirinneininneinenraniersnsesesnsansensrninnssensrasesssssnn AR R v s
32b. Cell longitudinally unsymmetrical (two sides unequal in shape), at least in valve VIEW ..........oooviinininniiiiiniiniiniiinn
Raphe: at ot peacthe eage O ooV ilVe o ai it cass s s fon i ssiss sl VEaviRa v s s saavvs as v s AR R b iy SR
Raphe. or;pseéndoraphe median of/SUBEHAN. .ov.we i vosnizssinas cossusssansvasisss ey s S0 B bttt b
34a. Marginal, keeled raphe areas lie opposite one another on the two VaIVES......cociviiiiiiiiiiiiiiiiiiiiiii e Hantzschia
34b. Marginal, keeled raphe areas lie diagonal to one another on the two valves..........cooovvviiiiiiiiiiiiiinn, Nitzschia
Cell transyersely: symmetrical in VAIVE VIBW . cicacoisinmasinsasmnsirinsnsmess sorasssns e Sibi ik aiRin dorbids s W svalavasvae 4 atn e dles
Cell transversely unsymmetrical (two ends unequal in shape or size), at least in valve VIEW..........ococviiiimnnsimisniiininasne,
36a. Cell round-oval in valve view, not more than twice as long as it is wide ..........cooooviiniiiiiiiiiiiini, Cocconeis
36b. Cell.slongate, more than twice a5 1oNG A8 118 WIAB......cccomemmmsmmsesmmmssssnsmms s omsinassnnnoms sanasmnsses s s bie s ait MAD s bl
Cell flat (girdle face wide, VAIVE fACE MATTOW). . uvvrrsunssssreassnnnsnssenussnsssssesiosnsussanssasssnsainssssnssos vbsssh diaiias Tabellaria
Girdle and yalye Taces about éqnal n sadthil, s v coss cnlebuaadl svas A, Db rmaeuhRoist. s and sl 1 st co Mviasan Jos
38a. Cell with several markings (septa) extending without interruption across the valve face; no marginal line of pores

EETI L s ot T S b SRS SRS R e Y . LY S Diatoma
38b. Cross-markings (striations or costae) on valve surface, interrupted by either longitudinal space (pseudoraphe), or line
(apheluorline of pores (CAtDALAOIE) , ..o o s airs e ssmnnssesonasnsessie sy snmsnns oo dine s vos oo vomsies vasosovamiss S

Cells attached side by side to form a ribbon of several to many cells.............ooooiiiiiiiii i Fragilaria
B e 2 A L S S  SS—— <. " (]
40a. Cell narrow, linear, often narrowed to both ends; true raphe absent ...........cocovviiiiiiiiiiiiniiiiin s Synedra
40b. Cell commonly “boat-shape” in valve view; true raphe PIeSENL. ... . oitiueiisruesiireisineesousneioussiessssenssontncsmnsronios
Cell longitudinally unsymmetrical in girdle view; sometimes with attachment stalk..........cccociiiiiiiiiniinnn: Achnanthes
Cell symmetrical in girdle as well as valve view; generally not attached ..........c.cooiiiiiiiiiiiiiiiii i
42a. Area without striations extending as a transverse belt around middle of cell...............ccoiiiiiiiiiiiiiiin, Stauroneis
42b; No contndous/clear belt aronnd middie of Cell.....cosimienssssnerermnsosesins spmmmms swasmsnnsnnssone SEIRI0N SREALGR Jlnp 20
Cell with coarse transverse markings (costae), which appear as solid lines even under high magnification............. Pinnularia
Cell with fine transverse markings (striae), which appear as lines of dots under high magnification ...................... Navicula
44a. Cells attached together at one end only to form radiating COlONY.....c.vuiviiiiiiiiaiiiiiiiiii i, Asterionella
Adh Cellinot forming ‘8 loose. AdiaHOE COIONY. . vevssuviamssasisimes sarnssasnsissemmeres s e sy dossvesns SRR s RUE Gl 0 TaBERE R0
Cellsin Fn-CHapBd OISR, ...connmsnsmmsmsamesensanenis sosasssnssivssssavass sonsavsmsasssnsesma ol S TSI, su S8 Meridion
G SO MR RIS <o s iih s e LR S o TR S e R e e e AT e S e S SR SR R e e S e L T
46a. Prominent wall markings in addition to striations present just below lateral margins on valve surface of cell...... Surirella
46b, Wall markings along sides of valve limited t0 SIIBHONS. ...vvevnrsrcisnrinmsrverrnenesansrrasessrondiavanionsssdebad v dvialiasatis
Cell elongate, sides almost parallel except for terminal Knobs .......ovvveuiemiiiiiiicic et ea e Asterionella

10-153

Refer to
couplet No.

24
25
26

27

28

30
32

31

33
34
35

36

37

38

39

41
42

43

45
46

47
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Refer to

couplet Neo.

47b. Sides of cell converging toward one end......covvviiiniiiiiiiiiiiin i e e el s 48
488, Colls: bentin Bdle VIBW oo s swensns s S-S HE A e e il St A s i mtisin s S B b e L L Rhoicasphenia
48h. Cells:ptraight-in gitdle VieW ... .. ..o chibn Jtammismdatsstb v el ibaadiadmin Gomphonema
490, Valves withtransveise SCPIE OF COSAT  wouss sarmssacorsiimnssiisonms ssssmsisnsssmb bbb LN A MRS L R i s Epithemia

49h. 'Valves With' noransverse Sepia OF COBAS: . v iviavimivistovanpissn s an it s rasalin hnile i seaaia e asasy e 50
505 -Raphellccatedialiviost throngh cantet: of NalVE: .. cnvsnssitataionams soibecibihis b s S SURNIEIR SRR AV B Cymbella
50b: Raphe excentric, near concave edge of Valve: . siammimaisinssssinasss e voss s iz s B sk e Amphora

3. Flagellate Algae

Sla. Cell in a loose, rigid conical sac (lorica); isolated or in a branching colony...........o.ooviiiiiiniiiiii i Dinobryon
51b. Case or sac; if present, not conical; colony, if present, not branching ............cooiiiiiii e 52
28 Cels olatedi O HIEPAIS 2. coots s s nnsaps desaipa b pint b e Gyt s dan b sl ons bremaade S st i redibn T kel it 0 S nm Rl 53
52b. Cellsiin, acolony of four'or MOTE Cellsh. ..uw il ssusmbrmugbledanesme iue s fow i ves i s doen s pame bt S S Ea mems 71
§3a; Prominent transverse grooye encireles el . ..ot ititneosnreodflnseabobhsnalsbanssti s bosdpaslisibaslisuayinys SRS SR T A ER Y S AR 54
53b; (eIl Wthout HANSREISE PIOOVE .. fovay i sinasesvmmsn s susa s daws s s sggom s msneass prssss vossalbimuit oo ion smbmsmars sas wme SaaNEns 56
54a. Cell with prominent rigid projections, one forward and two or three on posterior end..........ccoovvvieniiiisiians Ceratium
54h; (Cell rwithout severdl eIl Polar PIOFECHOTS ..oussnss bbb asmassamsonassoms s e ishiae s soe susams s soiw s obweasiins s oo s anss 55
55a. Portions ‘above:and below transverse  groove about equal. ... .. wiivaiisiisimmarivniiviesimaie st savsssvisisiasss Peridinium
55b. Front:portion' distinetly’ larges: than POSETIOE POTHDIL.». . suimsmisenbss s ramiilonss sesanns sus ves i s amiosnsssamns s s ebive v o Massartia
56a. Cell with long bristlesiextending from surface plates ;i cuesiini o ave s i Vi sesiivsvss s sae oabivan ool sviosth Mallomonas
56b;. Cell withioutsbristies’and surfacerplates v o Ju i s A IG Ll B vndte il i s M e s e Ve e i L o 57
574, Cell protoplast enclosed inloose; rigid covering (J0HCa): - saimsnnvsvamrmins i it b e i wisg 58
57b. Cell with tight membrane or wall but no loose, rigid COVENNE.......cciciiiiiiiiiiiiiiiiiii s s e 60
58a. Lorca flatiened; cell with.two Bagelld .....ocouinsiviimnan@lisadeiiinmiitleatima e ialids sifimed s s ria inie e Phacotus
§8b. Lorica notsHuteneds) dell withone Hagellums i S s s 5 ey DA TR A e bl te b e b o AR R A 59
59a. Lorica often opaque, generally dark brown to red; plastid green...........coiviiiiiiiiiiinii Trachelomonas
59b. Lorica often transparent, colorless to light brown; plastid Hght brown ..o Chrysococcus
60z ‘Plastids brown o red 10 OLive OF DINE-EIBEI i su it et e S s s N s TS e A S S R Ao A 61
600 PISRASIEEaE EIERIL . 5 e e dwan stk ek nsie S et A e e s s s s IS RN, e s s el Bl 64
614 Plastids'bluesgrsen: o BlUe. o RinSdinraldamnli asgiloaslolpiidatids s alvinilivndas Chroomonas
&Ih, Bipstdyibicwil 1o, ted tODINE BIEEE. . . vk umse irsms s s mrnr e e FA A e e e b R et R Dl O e e, T S 62
622 Plastid bréwhiione or tWo flagella . .. .o mninnssinsmssmisssannvisvssandibsiiitsave s Elen 63
62b. ‘Plastids red, red-brown, or olive green; two flagella ..o il it meen s et heih d v s et Man S i Rhodomonas
63a. -Antenorendof¢ell ioblique; two Hagelli. ... .. coivimeionmad RS SL AL BG Salintt S bord A b bl el ati Cryptomonas
63b. Anterior end of cell rounded or pointed; one flagellum.... ... ... Chromulina
644, Cell with: colorless: recCtangular WinZ. ..o & dvi 4 dom 206 SRl M L 2000 o B0 a0 Al i 2 BT MR Y Pteromonas
64b: No wingrextending from. cell....... . oeenereoncompone so oo SEILL S BN Zreat sov. s e 0L S 00T i S SR A TR RS S 65
694, ‘Cells Hattenod; MATENTIEIN oviwoinismemsmming coriors vuswarismms s s e s s f b e SO AT BELSL S, 00, ) Phacus
65b. Cell not: Hattenedirmargin dgid orRexdble . .. . . ... codire s iibo b ot S b i et bis psiann s S A Sobie S LA TAR AR Va w T TR S 66
66a. Pyrenoid present in the single plastid; no paramylon; margin not flexible; two or more flagella per cell.............oo.ovins 67
66b. Pyrenoid absent; paramylon present; several plastids per cell; margin flexible or rigid; one flagellum per cell ............... 70
674, Cells o fotin HEDeinE At CAChIBIHY -« ivenmipmimimesissmieur e i S s e S e s iesrais s DE T i Chlorogonium
676, Cells:not Tasiform; generallyalmost sphemcalie. v i b SR deie o Il S vais dicviiness st 0l s Gl Te ol 68
OB PlARTIOS ORI s osioosinm i oo 43 e s 00 S P A IS S5 S a8 i i TN S B A Vacuolaria
68b: Plastidsufew; /commonly R i s dianbi v s et St nbaSalinir Bt s wsisssnt el st 69
G935, TS PAaprTIATIRE T vieonts s iiss e i S 40 5 45Tt e 50 50 D16 84368 5500 5 e 8 B b ek i e Chlamydomonas
69b: Four Hagella per Cell v civmnipisnuniscmrmasimsinsn st atbm st dinmdlt st ima it il Carteria
70a. Cell flexible in form; paramylon a capsule or disk; cell elongate .........ccoiiviiiiiiiniiiniiniieinni v naes Euglena
70b. Cell rigid in form; paramylon ring-shaped; cell almost spherical..........coociviiiiiiiiiiiiii s Lepocinclis
Tha. Plastids DIOWI...covetes vessamismansnessmnesaversssmnasonmpmnessyssov o oiiamd et stivns eaier sl A S i st Al et L 72
716} PlagGds greene il cnnabonntnnenssamsndtaie s beta s e savidiibeadba il maiiain vz 73
T2 CENE i contabt With 0N AROTHET, . con wvesssmnes srusnn danssnsoni e s seeateanssiissenseina iAo, Lo des Gaalban Synura
72b. Cells separated from one anotherby Spacelsi. (oln asnavali i dalinsad sl faen das Uroglenopsis
T3a. Colony fiatyoneidell thick. ... . oo ottt biesn e sl meu, sadt B el oo st ani ot e ot it desny, waon Gonium
73b; Colony roanided,i1tore than'one Cell thICK .. iivssviivesmamnsinis i sis s SbetasBiiibvs # sbamid it ba et i d il SRiuiewsissins sod sbawanib il 46 74
243 Celly nbeonthet with: one anotEr . . oo senis sessansesmriinse st ssarsnsnimss anvsas sesmsevs AL devindhny sreoed. vooadomnd ay 75
74b: ‘Cellsisepatated Troin one ANOther DY SPAGE ... otu . nwsmwmmiisisns o wiisnsisa e s sbiv s s i s saahmammm e i a b 76
758, Cells 1atiRllY ATARTED. .. . . cooenemsssnsnnrrs stnratn s soriee s s mses s m s s ras e 2ot b an s st s b e be S b e B = s SIS Pandorina
75b. Cellg'all fatingrone dirsctionk:. s .olliliie  fo b bR L AL vl cod R L L W AR i i Pyrobotrys (Chlamydobotrys)
7685 Cells more than Q00 PET COLOBYL . 1 vocnsess sanssssrmnmsmbinsmmnboss vanssaser eI et ubiimd Se e Jon oo 3, e i Volvox

768, CellsIessithas. 75, PERCOIOMY s ismemssssieniimiomnuismistnse s sonmsianstbi Mt o s nsbediiadia sl Eudorina



AQUATIC ORGANISMS (10900)/Key to Freshwater Algae

4. Green Algae and Associated Forms

T7a.
77b.

79a.
79b.

8la.
81b.

83a.
83b.

85a.
85b.

87a.
87b.

89a.
89b.

9la.
91h.

93a.
93b.

95a.
95h.

97a.
97b.

99a.
99h.

101a.
1010,

1034,
103h.

105a.
103b.

GellsjointEd topether (o FOmm NS s onsis i e s g A N S R A A S S B A Hydrodictyon
CENS B EOHRINER DB oo e e o e I T e B A e e e T P A T et
78a. Cells attached side by side to form a plate or ribbon one cell wide and thick; number of cells commonly two, four, or
R e o T T T T T T D e e o T e S ST T T T S S e R T T Scenedesmus
T8b: 'Celleniat attachied Sidle BYSIOR o s e e B0 D i £ S O i R Ve A S S T A
Cells isolated or in nonfilamentous or nontubular thalll.. ... i e v e
Cells'in filafméntsor othier tubular or thisadliKe thallis..covimamm i namuammii st simiia i i a5t simiisiims s
80a. Cells isolated and narrowest at the center because of incomplete fissure (desmids).. ...,
80b. Cells isolated or in clustérs bt withort central FASHre. .occonsi v oo v s s s s b S s s i s St i
Each half of cell with three spinelike or pointed knobular eXtensions.........o.oooviiiiiiiiiiiiiiii s Staurastrum
Eell imarpi Wit 15 §Uoh: ERIBASIONS. uue s wono v i S o sy o 5 S350 S SRS s o T P e B R T
828, Semicells with a:median INCISION OFAEPIESSION: 1ua vunswnss o ssnvesnssinns snsns o s ee s eronss sowdonss o s am saesmess e oyssenaess
82b: ‘Semicells with no median incision of DEPresSION .. i iriai sanim i i, S Ty e e e Cosmarium
Margin with 7ounded 16DEE. ..o e sessnmsnssrosnnen e et s s Ve s e e e bR e e s S e e 55 Euastrum
Margini with Sharm-PoInted eath oo sum s s srinia s o enmsss i s 60E0 0 & o e s M3 e v Micrasterias
34a. CellS BIORBALE. . . oo b o bbb s s S e o T T A A A S AR R A AT AR S T R R AN A
84b; Cells round 10/ 0VaAl OF AREIRE: 1 vmwaswmsun i o e e e o s TS s s e e s ST ST
Cell radiating: rom A CENtB] POINL .. ooy ety St ons r A SRRy B8 ST 6 TSRO TR SR e S VA Actinastrum
Cellsiigolated or in TtreEUlAT CIMSIEIR o swamn i m o s s im hs Tom as Brs b M6 A s W 0 Sy i s o
£62., Coalls with feTHinal SPINBE. (s didomssimmms s ai s SR s s s e dh B S s e s R s Schroederia
86b: Cells:without Terminal SIS vecomisime o mesi s e e v os s dn e S Co e S S0 s e AR b ca (s e sl A i e (R
Cellz with colorless atfdchment drea at ORE BN . uavs sisnsisesin i S CEt s s s s sy s Ehe S e Characium
No attachment ares at o8 BNT0E BEll i sumssrum s s aie s sio s osimsis s sssimis )8 s, s s el eisassinis s e uis o e sisis s wa kagnd il
88a. Plastids two per cell; unpigmented area across center of cell .......oiviiiiiiiiiininii i Closterium
88b: Cell with plastid that conlinnes ACrOESENE CERLET . vvuvirvamivwms s innmans s sisssnms ve s simss sae svsan sbiaie £ e e e sEaeanes o 4 or
Cell Hita 10D Eires A O848 TUTS BEQEM coo s i o Ui s e s A A S A e STl S
Cell 2 to 4 times a8 JODE AR IUASTEIOB cu o sumwismmmimie voswss sssimessio s o s am i s s s Favie s am oD s As sl St s fre
90z Pyrenoid absent; orone Per Cell oz sumuysyass iy i osms s o e S R A Ankistrodesmus
G0k Pytenolds severall Pon GBIL... cmsmmmiss ey syl b o s s vk s S S A o i Claosteriopsis
Cells semicircular; cell ends pointed but with no terminal SPINes..... ...t Selenastrum
Cells arcuate but less than semicircular; cell ends pointed and each with a short spine................... Closteridium
024. Cellsiregnlarly arranged na tight, Aateelonyi.. s mmnutinnammisriues S s 18 T g Pediastrum
S28. Cellsmat tnaitiehit - Hat reenlar COOT. v s e S D T T e e A R RS NS
T o TS e P
OB OB XOUONMAL 1 xiveommimminmsminsmn iosssisisisiymn msiomsmins s ais's o a8 wsmossh s s st e o o R B b B sk B e
9, TWeok more EpitiesGteach Snele . covmmmimasmrmmmanimims grmsss e i s RS TR AR e s S e Polyedriopsis
O4b. Spines none or less than two at each angle ... Tetraedron
CENS WAth T g, ERETTY BPTIEE e sacien s s i S b0 ot S 5 i 6 5 8 A 8 1 B R S B 0 £ e S s
LLORD: SHATD:SDINES ADEENY o srenmr s oo ars e e s s h e AR O SR S TN A e o P SRR e
068:. CEllS TOUD < covnirimmens ammsnies s mos o bsmmvie 5 5 08 o § 35 55 5 sE S E o 76 8L A5 8 S N G S B B S o
B88: CEISOVALL. . crrermess s S r s S S b E SR S A R B s B T P A R B o e A s F A e T as
o1 . Golenkinia
Ly 1 oL R L T T T T T e - — Micractinium
B8, Bach Coll Gt BaBiONE SITNE & s ssnsiem s oo aasss i 5 s sai s s i o ss s S s s s s Diacanthos
98b.. Each cell end has miore than:ong SPINE s sisissiisosiis s asosmis s o oo s i s i savilnmmi i vimmm Chodarella
Colony of definite regular form; COMMA 60 OMA s s ummun s swmsmins st b s s i i s 5651 55 o o s 3 5 w8 S s w3
Colony, if present, not a definite oval or sphere; or cells may be isolated.........cooviiiiiiiiiiiiiiii i
1008, Colony a BEht SPHERE OF BEIIS. « v rurnom omsrmsmimgaimen s s o s s 6o s s s oo as 8 s ivsymm b o A8 4535 8 Bt
100b. Colony a loose sphere of cells enclosed by 4 cOmMMON MEMBIANE. ... u.vuuuiviie i e e iees
Sphere solid, slightly irregular, no connecting processes between cells.........ooivieviiniiiniiiivinicen Plankiosphaeria
Sphere hollow, regular; short connecting processes between cells........oviiiiiiiiiini Coelastrum
10201 RIS PN ammammmmess s s s o n s S A S S TS 3o M TR T T S S R A AR i e A
R L L Oacystis
Cells connected to center of colony by branching stalk..........ooooiiiiiiiiiii e Dictyosphaerium
No stalleeninee BRI, oo oomismnme s i s s s o s A e S e S S W S R S T S Sphaerocystis
104a. Oval cells, enclosed in a somewhat spherical, often orange-colored Matrix ......ocovvieiivinieiineen, Botryococcus
[04b; | Cells round, solated br 10 ColoHIEES TRIIIR . cocxusimimmnmma wonas s s 5w T s s S R A5 M S SR SV s
Adjoining cells with straight, flat walls between their protoplasts ..ottt e
Adjoining ¢ellswith rounded walls BEtween thelt PrOTOPIASIS .o e vwissss s amma s s emass s 05 5558 v oo 53051555050 s A £ 515 ot

106a. Cells embedded in a common gelatinous MAatTixX. ...t aeaeaes Palmella
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10-156 BIOLOGICAL EXAMINATION (10000)

Reﬁ-r to
couplet No.
106b. No matrix or sheath outside of cell walls .....oooiiiiiiiiiiiiiiinnns S N A R R NS e Phyvtoconis {Protococcus)
1072, Cells loosely arranged in a large gelattnons HIALIIX ... voeuonssssmessenss o sossesnsssmeesnmesanosnsmsessnsnsnemsnenssosne Tetraspora
107b. Calls jsolated:or REhtly Srotped i SMEL QTG : v o sonmarmais st st biaro s S b 30 0 b 4 s 6B ST A s 108
108a. Cells located inside of ProlOZOa . .......ovvieveriiiieeiinaiaannn. Zoochlorella

[ORE: Celléinot Trdrde Of ProtBEIR . « comwnmmm ame i o e o e Sais 55856 S ST LS5, e B St S MG A 109
LOKE,. Elasticl RHinE 30 01 TessON BRI .o e suvnesumoss s Phise S s s B D U T A e e 110
109bh. Plastid filling ¥4 or more of cell Chlorococeum
110a. Cell diameter 2 pm or less: reproduction by cell division Nannochloris
110b. Cell diameter 2.5 wm or more: reproduction by internal SPOTeS. ... . ..ouiiiiiiie i iaaeaaaee Chlorella
1T la. Cells sttachad énd to and in an anbranched FIATIERL .. . .o oo cons o nsibive o Fael s R s S e G T 112
1116, Thallus bisnched, o Thitiie- tHan ONECOTL IR coirmim imiunymssims s oo i mbion s s asm sl msiss e oo ssimes s s 119
[12a. Plastids in form of one or more marginal spiral FBDONS. ... ....o.oviiine i i i i s e e sas e aas Spirogyra
119 Plshids it tn Foris Of SRl EVBBONSE wusmesmmrm s e s st i s Vi 605 S5 S 55 5 S A SRS G G A i b a1 113
113a. Filaments, when breaking. separating through middle of cells ..o 114
113h. Filaments, when breaking, separating iregpulatly or Al SHds 0T SEIISL o wwsnrin s umsn s vms e ssusin s s s oo wnmes 558 mmsms wemss 115
| 14a. Starch test positive: cell margin straight; one plastid, granular ... Microspora
114b. Starch test negative; cell margin slightly bulging; several plastids ... Tribonema
1154 Niarsmal indentafions DEIWEED BEIIS . v asvis s s pes o s s ors R s oA e 4 T s G Desmidium
1156, Novmarpinal indensmons DelmEom Bellf. e wwsseimnso s s bnmm s s e St s ne s ST b oA ke n on S s o 116
1168, PSS, WO DT EE o e e s s s g A S i M KA T s N A T T Zygnema
[ 16b. Plastid, one per-cell (Somelimes APPEATing MWIIETOURY . ov.« s rems s ossbremimet s saas nsss s s samssas S50 Saamse aos s ysss s voness 117
117a. Some cells with walls having transverse wrinkles near one end: plastid an irregular net............on. Qedogonium
11776, Woapical wrinkles in-wall: plIastil DOF DOTOUS .cussvsmssmsess sommme sy asmsassse s st s s st o g eds s st mesie fos sxme sy s wom asntes 118
[184.; Plastida Nator toulstel Brinl EUBDOM s s s i i o s s A A £ & i e S A S SIS 3 G S e Mougeotia
L1:8E; Plastid-ancarcoate margiil Bt oo v iommmminimsimminemsi e sty o i i s s siass masmitio desgsass Ulothrix
119%: ThHalloga At plAteOF BETTR o e i i s s o s S 0 5 5 L i A RaTR T S S S w0 Hildenbrandia
P18 Thais OHETWIRE: = e e i e o s s B S e sy o e RS S b s S A S e okt s e et S e e o s S 120
1204 Thalllis & long tahe Withoit erietWalls o oo ims oomme s svan s sa s s s s e s s S S s T Vaucheria
180k TEREI SRR SR e e beomre e, me e i e, e et S it T S e T et 121
121a. Thallus a leathery strand with regularly spaced swellings and a continuous surface membrane of cells ................. Lemanea
LR T e B TN B e T R e s N S e Y PO e P e e B e st A e s e T A 122
1%, Filarneit tibrANEHEd. ooome s s v s s s 655 55 a9 B 4 AR R N 5 W RS A3 Schizomeris
LR T A e G TRy o S Y R D T e e e e A T e e R SO e b i 123
1238, Branthes 3 WHOTES CCIUSTETR ) oo mmisios s s oo i si600a 5 5006508 550 T8 5 A 50 505 AR 0 wlbon 56 £ e 8 SR S I i 124
123b. Branches SINgIe Orim PAIS -coooisee s oomnesmasaiissmnsms s fobinn s mieos fmmssnnd S Rind soi e meid WIRaT oS AoV MR v s st Fa e s o e sy oo 126
124a; Thalliigenibeddad TaBelatinobi: MBI . svan mwis s o oo-nms 55 s o s s e me s s s Batrachospermum
124b; Thallus not embedded in gelalinOUS MATIR . ..« oo e e o iiues s i he st T b s e Vs oa sde v § e s a e s 43 oie s e dins 125
1255 Mg flament ORE EEITAIMCK x couomms ooz oimme s mmss s s s s e s i e o S e s 555 s o AR e 5001 o 5 oL S SHEE 958 Nitella
125h. Main filament three cells thiek: o oo i st e e o i e b s oy s i R e A B SRR S R R e Chara
26a. Most of filament surfounded by a layer of CBlS . c..vocusiomimammsammsnnsas s summs ssmsessumine v o sensssa s sse Compsopogon
1266 Filament not surreunded By a layer of CellS. i i st s 13 s aiuiio v s i $ s faiu & b s e s s st 127
127a. End cell of branches with a rounded or blunt-pointed tip 128
7b. End cell of branches with a sharp-pointed tip..........o.oooiiinnen 130
128a. Plastids green: starch test positive ......co.ociviiiiiiaiiniann 129
128h: Plastids ted; starch tesi Negative wsinsssssinsmsiiiaivvais dsiim s sueaais <o Audouinella
129a. Some cells dense. swollen, dark green (spores): other cells light green. cylindric ......ooovvvviiiviciiiiinininn, Pithaphora
129b. All cells essentially alike, light to medium’ green, cYIIMATIC .o it i e ve s s v s sava S Cladophora
130a. Filanwnts eribedted i oollinomsiMIEIK. o sossshmanmssinsimismmes f s e s s Sasasicimm st Svy et s g s s b e 131
130b. Filaments not embedded in gelatinous matrix ... A S A A SR 132
131a. Cells of main filament much wider than even the basal cells of branches.............. Draparnaldia
131b. No abrupt change in width of cells from main filament to branches ... Chaetophora
1322, Branehes very sHort with 10 S roBsWallh) .- scosmim i s o i o s s mainn b s s s s e s Rhizoclonium
132b: Biranches 1atiE, With GrOSWATTS :osumme o s mmsos s o s 50w i 5 e s s s S8 o it S s v e 133

133a. Branches ending in an abrupt spine having a bulbous base Bulbochaete
133b. Branches gradually reduced in width, ending i a long pointed cell. with or without color.........oooiiiiin, Stigeoclonitwm



AQUATIC ORGANISMS (10900)/Index to lllustrations

Organism Plate
) 16
Acanthamoeb@................... 5A
ARG s s s 26
AChRanthes . covvveivivvsia 1B, 31
BLOTUE . connsinosmmsstas vt birns 3C
ACroneuria. .......voviivvrensnins 13
ACHHESTINN . cosvissaininsunsiiis 32
Actinomycetes................... 26
ACHNOPALYS ivoiiivvvaivivivaniin 3A
ABACT. cvus cvumniminvainuisvasi 16
v T g i R 35
Apnatha. sovsnenmainaiss i 24
ALdEries ...ovovvosssmen vrsaaie 15
Algae, brown.................... 2A
Algae, green........... 1A, 1B, 2A
Algae, marine .............. 2A, 2B
Algae, red .....ovviimiiniiinninn 2B
ATONE: oo s aamsmampast s 11
ANErRATIE: vosas snumsvonssanarmas 27
AMBYSIOMA ..ovvviviiniiniiannn. 25
Ammicolidae ...........coceeuue. 19
Amoebas (Protozoa),........ 5A.B
Amoeba Sp........ocoeeunn.. 5AB
Amphibians:. ... .o 25
Amphidinium .................... 35
AMPRIOHI s oo ivasmsmsnyss wws 23
Amphipoda . ... e 12
Anabaend . .....ccooouvne. 28, 29, 30
Anacystis........cocooeeeeianann. 28
Andtantscoinm iy 12
ANCYHAAR i s s peiae 19
Anisonema ....................... 4B
Ankistrodesmus. ........ 1A, 31, 34
Annelids ......coooiiiiiennnn. 9,10
ARodonic ........oovovnenniaaan. 21
ARTRODRVSE v v vanive i 5B
APTROPIERRG. <o vvwanmmewsnsns 7
Antocha .......................... 16
Aphanizomenon ............ 1A, 28
ADRGnothess. .. veovvovisnnamnns 31
Apple snail ..........ooeeinien, 19
Arachnoidea ........coooeiiiiiai 22
e I e 5B
Arthropods, . iiimssnmes 11-18, 22
RRRCOSPING. o5 0055 0w sanzizmae 30
AT o em T RTTAS 12
Asiatic elam.........ooovvvennen, 21
ASPIdises vasssuwnwinssngamna st 6
ASHISIE < oo v wnmmnnassnzs i 4B
ASIEriQs ..o 23
Asterionella......c...u.. 28, 29, 35
ASIropecten ............veeevnee. 23
Audouinella.....oveviniiiveivinns 33
ABOUE .o ocisiavmnmmmmmnias 3A
Bacillus ...ovvveeiiineinninnnnenn 26
Backswimmer ................... 18
BaGterR oo cinas ocamenmiss sy 26
BHEliy . cassmsa Tt es e 13
Bﬂfanus .......................... l ]

10900 D. Index to lllustrations

Organism Plate
Barnacle: ...ooseressavians 11
Basket snail .....ooonvviiiiinnnns 20
Batrachospermum............... 33
Begtles v vivenseisias 17
Beggiatoa...........ccccvvevnen.. 26
Belostomidae..............vuien 18
BEROSI v cunassssvomimmeis s 17
Biddulphia..........c..cccoovn... 1B
Bithyhia . .ocisvssvmiaicss 19
BivalVesi: orsusmsmimes s 21
B i ansn 16
BloWlY-cavsamsisimismag 16
Blue €rab . uuwviessvisusssnnmane 12
Blue mussel ..........oovvinnnn, 21
BOAD vy s s 4B
BOSHIURA. . voisismomasnvsssmimiis 11
Botrvdium.......c..oooveviiinn. 1B
BOIrYOCOCCUS ivovsssiiissapiny 32
BracHIORUES. .ooviness s s svvavisons 8
Brachiopoda..........coocevvnnn. 22
BritHe S . oy inasaiiws 23
BIFOZOR . cpcucamisnissimismaninins 22
Bubble snail ...................0. 20
Bugs; ey o s 18
BUugula vovivssaom s ssmmnsonsnn 22
Bulbochaete ..................... 33
Bille s nisusssssmaomiesini i 20
Bull Whip v ivwesisamvsnmmsanns 2A
BUSYCON ...ovviiniiiiiinniinainns 20
Caddisflies...cuccciimissjunesan 15
Callianassa.. .. ovsvomvvvszeininn 12
Callinectes........cuveveeeen.... 12
CAIDTRVIR sn i ovnn bt s 31
CaMBarus: oo o vowsvnwsasommssmamn 12
Campeloma...........c.......... 19
CaReRr i mspmesssvsiumm s 12
CaPENG . vivesmimsnmemovmisanss 10
Capitellids ...........cceenennene. 10
Careria. . s sswwnmamipsiaias 30
Cartilage fish.........c.oooeenen. 24
6711 | e U Nty 3C
CHURRI, v acssiasommsininvaisgs 25
Cephdlopoda:....cossissmssisssas 20
Ceratitin.« o.ox s vwviai suwsxybmssa 28
Ceratophyllum...................3B
CEYCOMORES v omsmmivirmmmss 4B
Cerithide ... vuvsiioviasyivamas 20
CRaetoceros ......cocciceiaiviaas 35
Chaetomorpha.............oc.o.. 35
Chaetophora...........c......... 33
ChRSOPIE. oo s 10
Chaetopterus ............oeeen... 10
Charmnaesiphon...........cevvee 31
CROMDIR: - comswnansssmmmsiessasis 2B
Chaoborus .........cccocovvvvnn 16
CRBFL . s st bbb S mssintiim a3
Chitliodis s oiivsvissaoisaivsne 15
Chironomidae ................... 16
CHIrOnOmES < vivoa s viiimesvavvss 16

Organism Plate
04171 /07 R P 20
Chiamydomonas ............ 30, 34
Chioramoebi...;..ovivvviiiivin 4A
Chilorellt:....cconmsvnan 29, 30
Chlorococcum..........cc....... 30
Chlorogonium ................... 30
Chlorophyta ........... 1A, 1B, 2A
Chodatella..............cc....... 34
Chondrichthys................... 24
ChordatR .. vinsass s 24, 25
Chromodoris .................... 20
Chromulina............. 4A, 31, 34
ChPOOEDEEUS o sasinamas i 29
Chroomonas..........c..co...... 34
CRrYSae00EUS L voavsinissvisiivi 31
ChrysOpRYTa.ovawssmuvms savuaaoms 1B
Ciliates (Protozoa)................ 6
Ciriipedif s 11
ClAdOEEIADE: .o ivvmisamnssaivsanes 11
Cladophora..................31, 33
Cladosporiunt. .......ccvvivisnss 27
CIANS v snueivi dnesmsinsinmssn 21
Closteriopsis........cccovueennn. 34
EOSTE I i cyancnsng v 29, 34
[ 3372 1 5 IR PSR 7
Cocconeis......cooevveennn. IB, 31
Bodilinewoisasanursess 2A, 35
COBRBIIRIR covspnssevsnssmmigess 32
Coelenterates .........oouvvvunnnnn. i
Coelosphaerium................. 28
Coleoptera oo ssrerms snsymmme 17
Collembola .........ooooevnninn. 22
Golpoda.vivvvsvivevissivissimvsmsi 6
CampsopoRoN v o vess s 33
Coontail.....cooevveencerecnnnenns 3B
COpepod oo i 11
Coralling: v cumenvevevinessmone 2B
CorBieiT s cisop nisrasssinsniane 21
[ 825) 45 10 21+ L T R 18
Corydalus. ....ovvenvivrvennorone 15
Coscinodiscus ..........c.oooou.. 1B
COSPEPIUI ooy avasai 34
BT e SR 12
[615:11( 1 1T S 16
Craspedacusta. .i....i s siciivisia 7
CFASSBSIFER o cvamsmvwwesamiemass 21
CraWastl e arimrnas s 12
Crayhih o mmnsnos s 12
CHSH TR vsssvwisssmimnsitmtes 22
CYUCIBORIT,. . < ey nissivsdasisnss 1A
Crustaceans.......oueenernnns 11, 12
Cryplomonds ............... 4A, 34
T T T 16
CRHEHAE o nrsasssans 16
CUIDBEBE:. «.oooisiomimntiimmome swmigs 12
Cyanobacteria:....ccoovvveinnnes 1A
Cyanophyta. .. cissasisiisvines 1A
CYBESIRY ... <o vvansivsenmonse s smms 17

Cyclotella......ovvivinny 1B, 29, 31

Cylindrospermum

Diaphanosoma
BHADLORIS «svoimsinsmsvassyavone 11
.......................... 29

Dichotomosiphon
Dictyosphaerium

Electric light bug

Enteromorpha

Ephemeroptera

Feather duster worm
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........................... 16
PobEonies sy 15



10-158
Organism Plate
Filing......ounvensmsansssnnmmrsons 8
Fingernail clam ......cccoonne. 21
FIBHOI8S . ..o ioviinon ssodomtimeh 15
BN e ke e e Dy o' 24
Flagellates, nonpigmented .... 4B,
5B
Flagellates, pigmented....... 4A B
5317 05] 2 VIEURRNOR RURL J Laa h 24
BItWOMNE: i s s atsns 9
Flies, two-winged.............00 16
Blotiader. 1 il i 24
Fraghlarta. i vt 29, 32
Brogs. L el simaniiiaves s 25
Fucig: L b e R e sl 2A
111105 e RLAUNER DR A ) 26, 27
FUSAITUIN. ) ovi cosvnnsbvaaavssias T
GRS . i 1 2 s wsioe i ispiaions 12
Ganoid fish..........covvenvinns 24
Gar, long-nosed................. 24
Gastropoda ........covevnennnnnns 19
Geotrichum ...........cccc.o..... 27
OIS o vt smn ek sin e S At & 18
GhOst ShMD..: o: s ens 12
GHant Kelp: oo vuvnassinniisg o 2A
GBAITING b i orvhinsnoicnalt s 2B
FOCOOAPSE. s o vvsviucsaupimysmain 30
(105737 1o 1o, 1) LR 1A
BTN v en s AR A o 22
Golenfantal, ... L.l iy o 34
Gomphidae ............oeeeinns 14
Gomphonema................ 30, 33
Gomphosphaeria............ 28, 32
Gonlded:.. i mavinasatain 21
(255717717 R 32
Goryaulax . .covenevsesssnamunss 4B
Gracilaria .. cic...coiioosivinee 2B
Grasses, Marine ..............ps 2B
Great duckweed.......ooocvnenns 3A
Gymnodinium ...........coeeun.. 4B
GYFNIAae v vy sn s vwsmm 17
Haematococcus ................. 4A
Hagenis: i ..ovviecoravisnesipass 14
Haliclong oo ciiiaviisaaissisasi 7
BRGlOSYAna - ; ovc s wvsiagatinigng 10
Hartrianrielle. .o oo ommommasies 5A
Hellgrammite............coceunes 15
Helocordulia ... e 14
HEMIBIapsis «..covenovszsmmmann 12
)5 (=111 111} (- AR SCe) 18
Heptageniidae .................e. 13
Hexagenits ... ooooniviosnvinanini 13
Hildenbrandia................... 31
)5 Erqiii g (- IR B pe T 9
Holmestmysis . .coviissivcosninda 11
Holothuroidea ..........ccoivinns 23
Horn snail ..........covvvvennnns 20
Horseshoe crab.....ivee i 22
HODSERY, . vaiiv oo omisa MR T8 16
Hyalotheca ..cio. st it 1B
HVRG s v ivrsiaivisisno e ogvaimss 7

Hydrodictyon ...........c........ 28

Organism Plate
Hydrometra...................... 18
Hydrophilus c...oooovvinnivinins 17
Bydropsyche. ... ...sceeesicdans 15
Hydroptilidae. ..., c..cvers s nenmns 15
Ice cream cone worm .......... 10
B 215 ] L o P TRR ARUAILL e ey 12
INSBEES: . oo ianimnsiinnts 13-18, 22
ISoperla ..viciiipsises savesenna 13
£:00 570 ) (PSRRI SR A L 12
Jackknife elam ... cuves vaim s 21
Y i R TR RN N o S 12
Javrdessifsh .o iienivses 24
JEIBAN L e St s e 22
b1 1573 111 L I 3 7
Kellicattla.. . o . viivivinininsnzy 8
Kelpin i minminmnminasies 2A
KBTI .. vcnvs vvin i sumennsnitens 8
Klasterskaya..................... 27
LAMPIEY o owsvsuptonienvaysiaains 24
LAmpRIlAAE ..osmssemssivinganss 21
R e b o S ST 19
Leeth: - cvoisimiis s aiienis s 9
LEIIeG ... coainaoiiamsaiangions 31
TN S s G vt ot e m s B 3A
Lepisosteus ..........ocoveveneens 24
Lepoginelis. i vucvavivssugpativny 30
Leptocella . ..o ovininessisggass 15
Leptocetidat., vvve v resvaspsranes 15
LEPIOAOYA v vvvsvsmviiniisiishe 11
EBPLOTRIIUS vs.vriviscatissisngpp e 26
LDLOSIFHCE - oo wvisnisnnsasinni 12
Leplosynpla. ... .- iopssssssasisis 23
Lesser duckweed. ... coaiipese 3A
LBBTER o scsriccanmmpassienpialeantsos 14
Lethocerus.......coveeveenenne.. 18
Libellulidan ..oz vnssnsmas 14
Limnochares. ... c.vcuieansiniasa 22
Lipelse: .. cuw. drat emtoidesr g 19
BEmulles ... ... oo sz snmvaiizmica 22
FAOROIIS s o i sninmosgbasnsss 6
LEROTIOE kot biviviisy BT 20
LoDOMOTGS e s rss s nghickics 4A
1T L P Y T 19
Lynghya. ..o ineeiisovinimagy 30, 33
MacTOCYSES: o v w s e i e uil 2A
Macromit. ... «: ovivesvanisedgang 14
MABEOL. . coivin v saivapanaiisnie 16
Mallomonas ...........ccccooeinn 28
Manayunkia ...............covivis 9
Margaritifera...............c.... 21
Marine WOImS. ......voesisuiasss 10
. £ £ R S 1y 19
Marsheelam, ;. coaeananiags 21
Marshitteader ... ..ot 18
MUSSATIIA - o0 v vonronsnssmnannsss 34
Mastigamoeba................... 5B
MIAEEICIARE i iR 21
MAYEHIES. ccassnamamanmidssdeidin 13
Melongenidae ................... 20
MELOSITA vocosisavananvinniat 29, 35
METrEERaTIa iy s s omoacni b B 21

Organism Plate
Meridion c:iiviswisvevimsesivsins 31
Micractinium ...........cc.ocoen. 32
Micrasterias .......cc.occoouvvuns 31
MiCrocoCCuS . ...venvrenennnns.s 26
Microcoleus .....coviiiiiiviian, 31
MICTOSPOTE . vvvvev s sbuinmnsns 33
Microthamnion .................. 1B
WIADES s s 16
MOIa . odiaedinmaimmim s 11
Mollusks, bivalves.............. 21
Mollusks, snails............. 19, 20
MO s s s 5B
MOHOSIYIE o sowsnssonpvesmennnsss 8
Moon snail .........coeeenveennnt 20
MOBGIHO. cuwinwsssvamivirgsivis 16
Mougeotiat ..........ccocoivneann 32
Mud crab .....voveviiiiinninnnnes 12
Mud PUPDY . . svesinviiivsnssiines 25
MUEFEa . v cnnrivveniavimmissasis 16
MIBECIAAR: 1o corscarmmmiersmnsmmnss 16
MUsSelS ..onvereneineinnnniasnins 21
G e 21
MYFOBRYINHE . v v vracamiaisas 3B
Mysidacea .........ceveveirnnnnn. 11
MBS v imaimavnssagcins 21
Naepleria .....civinswisinsasinms 5A
A oo o e S 3B
by 57 1SS 3B
Nannochloris .........c.c........ 35
INETBUS: , ocinvmssmwioiablybasspgissa 17
Nassarius .......oooveeeeivinnnnns 20
NAtCIdRE  ocismassmnsmi 20
NEGICRIG « ovevnssivinmmmasiiomina 29, 31
Nectures .....cooovveenviveannnns 25
Nematoda.......oicovvessimiiasi 9
Nephtyid ... cmmiasmnipsniig 10
NEDEIIE . o osmmrasizeninpagmn o 10
Nereid. . ..coooerecnernssoressannns 10
NEFRIS ivivsims s insw s s otindi 10
NEereocystis .....cuvissssinvssine 2A
Nitella......cccovvviveiineinnnas 28
e 1 e 30, 35
Nodilarle s c..cooannvmmmviv b 32
NOROIAE.. .o vonriiividottornsmeg 8
Notonecta...........ccoveveininn, 18
Notophthalmus .................. 25
OBElG «.covsosvsvinimmipasigpess 7
Ochromonas.............oavvees 4A
Ochrotricha ..........co.ovnviiia 15
OFLOPUS 3 o viviivs pvssnvudpeniniiva 20
(07 (o) i1 DR 1 - P 14
Qedogonium ...........coviviiias 33
OTRORIONAS s cirivmakivertinsds 4B
Oligochaeta .. ..oimssassvavnting 9
Olive snail.......coeneeiviiensnsiis 20
OIIPHId. o vicsmommnemmsmmg 10
Ophiopholis .....ovommenvasuiila 23
Ophiuroidea ..........c.ccouiuins 23
O snail o corsiasmaorsianig 19
Orchesella..............c.cocuun 22
Oscillatoria........ccco.ee... 29, 30

BIOLOGICAL EXAMINATION (10000)

Organism Plate
Oiteiehithys. ..ocnmimmisansias 24
OSIACOR v vivasnimmsnasmenns {1
OUPTCOCEUE. - v wiitios ot R 34
OStEeilde: - inmnit aram v 21
OxpaisOSIIS o o corsioy ond Vowwssinns 12
B o e SRR S PR 21
Palmella s 20
PARAOTING, .ovis cusnsvivivavizass 28
Paperihiell. .. .ocooensmessimmnmnsios 21
Parglichifiys ...evsssesessnwssnas 24
Paramecium ............cccoen.... 6
Pearlyintisie] ..o conusan 21
B O AT I A5 s e eeeinis 10
Pectinarellat. ....covaiivviinivins 22
Pediasiram «..vooeviviianniinanns 32
Pelecypbdal =i s e 21
Pelopiiza ... .0 Ll s risiean SA
PN ciosonsviserinivisnsevsss 35
PEranema. .covsveivnmmiisasmsssne 5B
PETER v vmesvousassismandasnsnan i 24
| o e 24
Peridinium . anwmessirvpos 28,35
Periwinkle ........cccooiiiiiiinns 20
Perlodidae ..........ccocvvvnnnnn. 13
PEIrOmMyzon ..ivsisinanvuvimsias 24
PRUCOIRS: S vlivsvibmansigasspiss 31
Phacus .......ceeenvinanesenns 30, 32
Bhaeophyta v cvieiises 2A, 31
PHHOAMG oivaisnsesisgismssminas 8
Phormidiumy. ..o\ vvve s suens 30, 33
Phoronidea.............ccoeeennn 22
PROFOAES oviisvinqassmerssisning 22
PO, - ooz s oo T s 19
PRYtOCONES ... 32
Pickerelweed ,.....ocoomuimsasmss 3B
Pilidae. ..oy onvvniasssnn sasbamis 19
RIRRUHATIA . ... 5o mnsss s sns smnaiais 31
i L IR 10
PHRDBOT R s g vsmssalienih 1B
BLIRGIIR <orciivisoaivs spmmnsvessssimaens 9
Planktosphaeria................. 34
Planorbidag . ...coovamsmmrsgyamsy 19
Plants, higher.............. 3AB,C
Platydoring, vl a0 dbasba snrsli 4A
Platyhelminthes ............cooe.0 9
Plecoptera. ... ssvousasreisusind 13
BLOBIES : co0s s 5t mm s ST AR 9
Bleodoring....iviviiiaaiasimay 4B
Plestrobemt. . ..o viievivissnages 21
Pletrnerii. ey es s s ssss i 19
Pleuronema. ....................... 6
PlOCEIEEM v s g wvvina e 2B
PAIRICES, v cavspiagsmevislnbisks 20
POIAR L v nn ner sontenbinsmesss 8
Polychagta... ... ..ol 9, 10
Palydorasaivivicasivissnsstv 10
Polyedriopsis....cccvsinsveiiiven 34
Polymesoda....................... 21
Polyphemus.......coovvaiiniins 11
Polyplacophora. ................. 20
Pomacea.....coooconeiveniiinnnen 19
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PondSRaill e e 19
PondWeed.: someimiissanninmemacs 3B
Pontederia:, 2l i, 3B
POTieTa e s e T piaTea  rataiare 7
Porphyta.. e s i 35
Potamogeton .................... 3B
FOUCHISTAIG e sty s 19
Y Lt O e 35
T POOIET i ooyt 1 o s Moy oy e 8
Proplera.- oo i 21
ProTOCERITHL v s vvvmai i swosis 35
Protozoa .............. 4A.B, 5AB
Psammobiidae.............cone 21
PSEDRENUS, <o b iiihssnisiadatn 17
Pseudodallescheria ............. 27
Rsyehodiesdeneeismmaigs 16
Preridlophytadaee i ik 3A
Bleromonas .. e saaaisw 4A, 34
Preronarcys-.vssi e dancssan 13
PArple SpoRge. . v st i
Pycnogonid. . ..o i 12
PYrODOIIYS': << vvavssuneres duanm i 30
Quahog clam...........cvveens 21
Rainbow trout................... 24
Ramal, ficdivceiiwpedivesdoganoans 25
Rangia . .. o2 Y a3t ety dase 21
Rat-tailed maggot.....cc..cuuien 16
Bay o cdstteasuiad vl slisa steneis 24
Rhizoclonium .................... 31
REIZOSOIENIA oo vin oonibidiasivans 1B
Rhodoelossum.. .42l 35
Rhodomonas..................... 31
Rhodophyta . . iiaus; s o 2B
Riffle beetle .......c.oooviennnin. 17
REVerSnailic ot st iy 19
ROV e s e e e diaia e 29
Rockweedl o o s b 2A
Rotifess e e e siamis 8
ROURDWOIHIS . .o visiiinnsni aen 9
Sabellal ot b Jisvandy 10
Salamanders .. . v o 25
Salientiac e 25
Setlmte Rl e 24
Sl s e 3A
Sand’doHlar .\l Dt 23
Sand starfish.............oo0eenns 23
Sarcina....... A A s S 26
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Sargassuml iR Svasin s 2A
Scale WO «- vvovansasansinash 10
Scaphopoda:. .. ..o iamronne 20
Scenedesmus..........iuuins 32. 34
S RITOMIETIS e e e slems we 1A
Vet EELe) {1 S e e e 34
SCATOCACTIO vvvs v me i s ebins 34
Y R s T s e 12
SCYIOSTIRON ss5cs v s s iassismees 35
Sea cutnmbers ;- <oy swiie s s 23
e IBHUCE . o oo s et 2 2A
DB BINR ot sl Mo e 20
Seaspidetia e szt 12
Seaurehin, = om0 23
Segmented worms ........... 9, 10
Selenastrum ..........cocvvvvnine 1A
Sewa ok Ay i ol mtdisnds .. 16
SHO . < s s 12
Stal R s 15
LT s e T R B 18
Y1 1T B e A 16
Simuliidae ... diii 16
R e e R e o o 25
Skeletonema .........c...... IB, 35
SIOdZEWORM it vicim wsinios 9
SRaTlS i, ol e 19, 20
Soft-rayed fish..........covieeinis 24
Soft-shelled clam ............... 21
ROWDNTAR I st s omme, fond 12
Spectacle ease . .ioiawiamiine . 21
Spermatophytes ....... 2B, 3A.B.C
SPRAETIUNY. .o s e s eeie Aty 21
Sphaerocystis. .c.....ocqiiiveias 32
YT G40 K et po o e e e 26
Spicte types . i oo v i 7
Spikeirushy 3C
T e b8 e e e 10
Spinliaane o e 26
SOrOdeld o s ncvaintanss 3A
o 1E o g 2 Dl s M LR LI 29, 30
Spirontocaris..............ovoeven 12
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SO T e e e M e 34, 35
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Sponge weed i 2A
Yo T T s e B S 22
O T S ot et 23
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Statoblast, Pectinatella......... 22
StAurastrim . oo noees s 28, 31
ST ARTONCTIE ot e e e Ikt 32
SEEREIMIS: ..o oo e e e 17
STOTOREME o iite v lsmvio i saamins 13
S EROD Iy N e T Uneh s ate e 20
Stephanodiscus.................. 32
Stephanopterd................... 35
Stichococcls ... .ol .anize. 1B, 35
Stigeoclonium ............... 29,33
BENPTAY oo st 24
(01 1K e A e R oA e B 13
Streplococes. v ook caiyistenla 26
Strongylocentrotus .............. 23
SIonYEhIn iz vt vans enissnivns 6
Surirella) s st 31
Sweetflag.,. .l ok icC
o T e e 10
SYRCRAEIA o~ i s vanntm s nenpais 8
SV EOTR e dars 28, 29
SV G 5 et S R e e 28
Syrphidae..ocermsctinnas: 16
T e s 16
Fabellaria: oo vins.aiedoms 28, 29
Tadpolen. il camnavaisemiss 25
TR lUT . e e e e b e 21
Tanaidaces. Jumess s e misias 12
Tarebia. o aiveans mvsiacassms 19
G e T W R s S I e 10
Tetracladium .. cosuvsiriaszinimn 26
Tetratdron ) = e s em s 30
Tetromitis Ein el e e 4B
Tenaspora v = s s eoesssnss 32
T aSIEIO -~ S rcs sy 1A
Thizeidagisns s e s F o 19
TRYORE: wsiivanss v sseabasanic 23
O R e 11
Cintinmidivms. <o st iminne 6
FIPUIRL o s a7 e eyt 16
g bo =T Lial RN e e L 25
TOIPOTRTEC i sesstrearesess 32
Trachelomonas.................. 29
Triaenodes.............c.co.o.... 15
Tribonema ..o oo adsanmsiynsne 29
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Trichodesmium .................. 35
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THCHOSPOTONS: et easnmesss 27
B ) o ST R S R 9
Trochospongilla gemmules ...... 7
{8 31| AT L S L s 24
FUBIPER S e sek et se e slpaes 9
‘Tuskishells. . vsn N S s 20
TPl R 3C
5 Ty £ T B PR 10
L Pt B b R 12
UIOLAYIX o oo idimsimanissit 31,33
B o e e A S 2A, 35
TIoIONIGae - . das o s 21
Uroglenopsis .........c...... 21, 28
VACHOIATIA cuis ot s e 34
Vallisneria..........cccocoauv.... 2B
e A e e A e 19
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Vivipanidag): ..o pecvwivisnasns 19
7L e e Y 28
Voricela 5 it s e 6
Water boatman ........eciuinne 18
WALEE'dOg, <o vvwe i swsas sy 25
WAtBETRm. - e nom 3A
Water hyacinth.................. 3A
Watermeal sv o ahs s 3A
Water milfoil.....covvoumavnases 3B
WVALETITIIE . s v i s i 22
WAleE PENNY i vi oo vnnissiniion 17
Water scavenger beetle......... 17
Water strider . ... occensmenns 18
WatEr VelVe, oot ot st s 3A
Waterweed. s v s 3B
Westella . oivivsin NviSsmas 1A
Whitligig beatle.... .. ioevibonns 17
Winged lampshell............... 21
POt e s s st 3A
WOINE 5 e e e 9, 10
Zebra mussel ......covevuninens 21
ZOODOITNON i 1 s wabes 22
Zoogloed. - vricos iy mitancanis 26
ZOODRABUS v vvnissvasinvons ions 26
AL T b IR o N e U 2B
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10900 E. Selected Taxonomic References

The most useful references for the nonspecialist are listed
below. These references are primarily regional and will aid the
biologist in the identification of both freshwater and marine
plants and animals. Each reference is listed once under the
broadest classification, i.e., a general reference to the identifica-
tion of invertebrates is listed under “Invertebrates, General” and
is not repeated under each individual phylum. As a rule, more
academic and specialized reports on a single genus or family are
not listed; however, these often are listed in the bibliography of
a cited reference.

1. General, Introductory

Miner, R.W. 1950. Field Book of Seashore Life. G.P. Putnam’s Sons,
New York, N.Y.

Davis, C.C. 1955. The Marine and Fresh-Water Plankton. Michigan
State Univ. Press. East Lansing.

Eomonpson, W.T., ed. 1959. Ward and Whipple's Fresh Water Biology,
2nd ed. John Wiley & Sons, New York, N.Y.
Neepuam, 1.G. & P.R. Neepram. 1962, A Guide to the Study of Fresh-
Water Biology, 5th ed. Holden-Day Inc., San Francisco, Calif.
Newerr, G.E. & R.C. Newerr. 1963. Marine Plankton, A Practical
Guide. Hutchinson Educational Ltd., London, England.

Rem, G.K. 1967. Pond Life. A Guide to Common Plants and Animals of
North American Ponds and Lakes. Golden Press, New York, N.Y.

Voss, G.L. 1976. Seashore Life of Florida and the Caribbean. E.A.
Seemann Publ. Inc., Miami, Fla.

STERRER, W., ¢d. 1986. Marine Fauna and Flora of Bermuda. John Wiley
& Sons, New York, N.Y.

Rickerts, EF., et al. 1988. Between Pacific Tides, Sth ed. Revised by
D.W. Phillips. Stanford Univ. Press, Stanford, Calif.
Daney, M.D., D.J. Resa & I'W. Anperson, eds. 1994. Ecology of the
Southern California Bight, Univ. California Press, Berkeley.
ReisH, D.J. 1995. Marine Life of Southern California, 2nd ed. Kendall/
Hunt Publ. Co., Dubuque, Towa.

Porrock. L.W. 1998. A Practical Guide to the Marine Animals of
Northeastern North America. Rutgers Univ, Press.. New Bruns-
wick, N.J.

2. Algae

General

TayLor, W.R. 1957. Marine Algae of the Northeastern Coast of North
America, 2nd ed. Univ, Michigan Press, Ann Arbor.

PaLMer, C.M. 1959. Algae in Water Supplies. U.S. Pub. Health Serv.
Publ. No. 657, Washington, D.C.

Asport, LA, & G.J. HoLLENBERG. 1976. Marine Algae of California.
Stanford Univ. Press, Stanford, Calif.

Epwarbs, P. 1976. lllustrated Guide to the Seaweeds and Sea Grasses in
the Vicinity of Port Arkansas, Texas. Univ. Texas Press, Austin,

AsporT, LA. & E.Y. Dawson. 1978, How to Know the Seaweeds, 2nd
ed. Wm. C. Brown Co., Dubuque, Iowa.

Prescort, G.W. 1978. How to Know the Fresh Water Algae, 3rd ed.
Wm. C. Brown Co., Dubuque, lowa,

Humm, H.J. 1979. The Marine Algae of Virginia. Univ. Virginia Press,
Charlottesville.

Rounp, F.E. 1981. The Ecology of Algae. Cambridge Univ. Press, New
York, N.Y.

Esser, K. 1982. Cryptograms: Cyanobacteria, Algae, Fungi, Lichens.
Cambridge University Press. New York, N.Y.

Bowp, H.C. & M.J. Wynne. 1985, Introduction to the Algae: Structure
and Reproduction, 2nd ed. Prentice-Hall. Inc.. Englewood Cliffs.
N.J.

Assorr, LA, ed. 1985-1995. Taxonomy of Economic Seaweeds, Vols.
1-5. California Sea Grant College System, Univ. California, La
Jolla.

Scunemer, C.W. & R.B. Searies. 1991, Seaweeds of the Southeastern
United States: Cape Hatteras to Cape Canaveral. Duke Univ. Press,
Durham, N.C.

StEWART, J.G. 1991, Marine Algae and Seagrasses of San Diego County,
California. California Sea Grant College System, Univ. California,
La Jolla.

Canter-Lunp, H. & J.W.G. Lunp. 1995, Freshwater Algae: Their Mi-
croscopic World Explored. Biopress Limited, Bristol, U.K.

van pen Hoeg, C., D.G. Mann & H.M. Janns. 1995, Algae: An Intro-
duction to Phycology. Cambridge University Press, Cambridge,
UK.

Tomas, C.R., ed. 1997. Identifying Marine Phytoplankton. Academic
Press, Orlando, Fla.

Blue-Green Algae

WereH, H. 1964. An introduction to the bluegreen algae, with a dichot-
omous key to all the genera. Limnol. Soc. S. Afr. News Letter 1:25.

Focg, G.E., W.D.P. Stewart, P. Fay & A.E. Wasusy. 1973. The
Blue-Green Algae. Academic Press, London, England.

Humm, HJ. & S.B. Wicks. 1980. Introduction and Guide to the Marine
Blue-Green Algae. Wiley-Interscience, Somerset, England.

VanLanpivciam, S.L. 1982, Guide to the Identification, Environmental
Requirements and Pollution Tolerance of Blue-Green Algae (Cya-
nophyta). EPA-600/3-82-073, U.S. Environmental Protection
Agency.

AnacnosTiois, K. & J. Komarek. 1985-1990. Modern Approach to the
Classification System of Cyanophytes. I. Introduction. Arch. Hy-
drobiol. Suppl, 71:291; 2. Chroococcales. Arch. Hydrobiol. Suppl.
73:157: 3. Oscillatoriales. Arch. Hydrobiol. Suppl. 80:327; 4. Nos-
tocales. Algol. Stud. 56:247; 5. Stigonematales. Algol. Stud. 59:1.

Green Algae

Pickerr-HEeaps, 1.D. 1975, Green Algae: Structure, Reproduction and
Evolution in Selected Genera. Sinauer Assoc., Inc., Sunderland,
Mass.

Prescort, G.W., H.T. Croaspaie, W.C. Vinvarp, C.E. Bicubo & M.
Bicuno. 1975-1983. A Synopsis of North American Desmids. Part
II. Desmidiaceae: Placodermae. Sections 1-6. Univ. Nebraska
Press. Lincoln.

DitLArD, G.E. 19891993, Freshwater Algae of the Southeastern United
States. Parts |—-6. Biblio. Phycol. Bands 81, 83, 85, 89, 90 & 93.

Red Algae

Wray, J.L. 1977. Calcareous Algae. Elsevier Science Publishing Co.,
Amsterdam, Netherlands.

Kaeraun, D.F. 1980. An [llustrated Guide to the Benthic Marine Algac
of Coastal North Carolina. 1. Rhodophyta. Uniy. North Carolina
Press, Chapel Hill.

Phytoplankton and Diatoms

Hustent, F. 1955. Marine littoral diatoms, Beaufort, North Carolina.
Duke Univ. Mar. Sta. Bull. 6:5.

Partrick, R. & C.W. Remver. 1966. The Diatoms of the United States.
Vol. 1. Philadelphia Acad. Natur. Sci. Monogr. No. 13, Philadel-
phia, Pa.
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Waeser, C.I. 1971. A Guide to the Common Diatoms at Water Pollution
Surveillance System Stations. U.S. Environmental Protection
Agency, National Environmental Research Center, Cincinnati,
Ohio.

Patrick, R. & C.W. Reimer. 1975. The Diatoms of the United States
Exclusive of Alaska and Hawaii. Vol. 2, Fragilariaceae, Eunoti-
aceae, Acanthaceae, Naviculaceae. Philadelphia Acad. Natur. Sci.
Monogr. No. 13, Philadelphia, Pa.

Sournia, A. 1978, Phytoplankton Manual. Monogr. on Oceanographic
Methodology No. 6, United Nations Educational, Scientific & Cul-
tural Org., Paris.

BeLcHer, H. & E. SwaLE. 1979. An Illustrated Guide to River Phyto-
plankton, Her Majesty’s Stationery Off., London, England.

Vinvarp, W.C. 1980. Diatoms of North America. Mad River Press,
Eureka, Calif.

Seector, D., ed. 1984. Dinoflagellates. Academic Press, Orlando, Fla.

MagrsHALL, H.G. 1986. Identification Manual for Phytoplankton of the
United States Atlantic Coast. EPA-600/4-86-003, U.S. Environ-
mental Protection Agency, Cincinnati, Ohio.

Harris, G.P. 1986. Phytoplankton Ecology, Structure, Function and
Fluctuation. Chapman and Hall, New York, N.Y.

Krammer, K. & H. LanGe-BerTaroT. 1986-1991. Bacillariophyceae.
Teil 1-4. Gustay Fischer Verlag, Stuttgart, Germany.

CHreTIENNOT-DINET, MLJ., A. Sournia, M. Ricarp & C. BiLLarp, 1993.
A Classification of the Marine Phytoplankton of the World from
Class to Genus. Phycologia 32:159.

Rounp, FE., RM. Crawrorp & D.G. Mann. 1990. The Diatoms:
Biology and Morphology of the Genera. Cambridge Univ. Press,
Cambridge, UK.

Sims, P.A ed. 1996. An Atlas of British Diatoms. Biopress Ltd., Bristol,
UK.

3. Fungi

General

Cooke, W.B. 1986. The Fungi of “Our Mouldy Earth.” Beiheft Nova
Hedwigia Berlin, Stuttgart 85:1.

Moss, S§.T., ed. 1986. The Biology of Marine Fungi. Cambridge Univ.
Press, New York, N.Y.

KoniMEYER, J. & B. VoLkMANN-KoOHLMEYER. 1991. Illustrated key to the
filamentous higher fungi. Botanica Marina 34:1.

CARLILE, M.J. & S. WaTkINSON. 1995. The Fungi. Academic Press,
Orlando, Fla.

Phycomycetes

Searrow, FK. 1960. Aquatic Phycomycetes, 2nd ed. Univ. Michigan
Press, Ann Arbor.

Dick, M.W. 1969. Morphology and taxonomy of the Oomycetes, with
special reference to Saprolegniaceae, Leptomytaceae and Pythia-
ceae. 1, Sexual reproduction. New Phytol. 68:751.

Dick, M.W. 1973. Saprolegniales. In G.C. Ainsworth, F.K. Sparrow &
A.S. Sussman, eds. The Fungi. Vol. IV B. Academic Press, New
York, N.Y.

Searrow, EK. 1973. Chytridiomycetes, Hyphochytridiomycetes. In
G.C. Ainsworth, F.K. Sparrow & A.S. Sussman, eds. The Fungi.
Vol. IV B. Academic Press, New York, N.Y.

Kariivg, 1.S. 1977. Chytridiomycetarum Iconographia. J. Cramer, Ger-
many.

Barr, D.J.S. 1978, Taxonomy and phylogeny of Chytrids. BioSystems
10:153.

KarLNG, J.S. 1980. The Simple Biflagellate Holocarpic Phycomycetes,
2nd ed. J. Cramer, Germany.

Ascomyceres
Incorn, CT. 1954, Aquatic Ascomycetes: Discomycetes from lakes.
Trans. Brit. Mycel. Soc. 37:1.
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Incorp, C.T. 1955. Aquatic Ascomycetes: Further species from the
English Lake District. Trans. Brit. Mycol. Soc. 38:157.

IngoLp, C.T. 1976. The morphology and biology of freshwater fungi
excluding the Phycomycetes. In E.B. Gareth Jones, ed. Recent
Advances in Aquatic Mycology. John Wiley & Sons, New York,
N.Y.

Fungi Imperfecti

Ranzoni, F.V. 1953. The aquatic Hyphomycetes of California. Farlowia
4:353.

Crang, J.L. 1968. Freshwater Hyphomycetes of the northemn Appala-
chian highlands including New England and three coastal plain
states. Amer. J. Bot. 55:996.

Kenprick, W.B., ed. 1971. Taxonomy of Fungi Imperfecti. Univ. To-
ronto Press, Toronto, Ont.

Kenprick, W.B. & J.W. Carmicuaer. 1973. Hyphomycetes. In G.C.
Ainsworth, FK. Sparrow & A.S. Sussman, eds. The Fungi, An
Advanced Treatise. Vol. IV A. Academic Press, New York, N.Y.

IncoLp, C.T. 1975, An lllustrated Guide to Aquatic and Waterborne
Hyphomycetes (Fungi Imperfecti) with Notes on their Biology.
Freshwater Biol. Assoc. Sci, Publ. 30.

IncoLp, C.T. 1976. The morphology and biology of freshwater fungi
excluding the Phycomycetes. /n E.B. Gareth Jones, ed. Recent
Advances in Aquatic Mycology. John Wiley & Sons, New York,
N.Y.

CarmicHAEL, J.W., W.B. Kenprick, LI Connors & L. SicLer. 1980.
Genera of Hyphomycetes. Univ. Alberta Press, Edmonton.

4. Higher Plants

FERNALD, M.L. 1950. Gray's Manual of Botany, 8th ed. D. Van Nostrand
Co., New York, N.Y.

Fasserr, N.C. 1960. A Manual of Aquatic Plants (with a revision
appendix by E.C. Ogden). Univ. Wisconsin Press, Madison.

StEwARD, A.N., L.R. DEnnis & H.M. GiLkey. 1963. Aquatic Plants of the
Pacific Northwest, with Vegetative Keys, 2nd ed. Oregon State
Univ. Press, Corvallis.

WINTERRINGER, G.S. & A. Lopvor. 1966. Aquatic Plants of Illinois. Vol.
VI. Popular Sci. Ser. Illinois State Mus., Springfield.

Mason, H.L. 1969. Flora of the Marshes of California. Univ. California
Press, Berkeley.

CorreLr, D.S. & H.B. CorreLL. 1972. Aquatic and Wetland Plants of
Southwestern United States. 16030 DNL, U.S. Environmental Pro-
tection Agency.

Voss, E.G. 1972. Michigan Flora. Part I, Gymnosperms and Monocots.
Cranbrook Inst. Science, Bloomfield Hills, Mich.

Mout, E.T. 1973. Higher Plants of the Marine Fringe. Marine Flora and
Fauna of the Northeastern U.S. Circ. 384, National Oceanic Atmo-
spheric Admin., National Marine Fisheries Serv., U.S. Government
Printing Off., Washington, D.C.

Bear, E.O. 1977. A Manual of Marsh and Aquatic Vascular Plants of
North Carolina. Tech. Bull. No. 247, North Carolina Agriculture
Exper. Sta., Raleigh.

Goprrey, R.K. & J.W. Wooten. 1979-1981. Dicotyledons. Aquatic and
Wetland Plants of Southeastern United States, Volume 1: Mono-
cotyledons. Volume 2: Dicotyledons. Univ. Georgia Press, Athens.

Hevrguist, C.B. & C.E. Crow. 1980-1984. Aquatic Vascular Plants of
New England. Part I, Zosteraceae, Potamogetonaceae, Zannichelli-
aceae, Najadaceae; Part 3, Alismataceae; Part 5, Araceae, Lem-
naceae, Xyridaceae, Eriocaulaceae, Pontederiaceae; Part 7, Cam-
bombaceae, Nymphaeaceae, Nelumbonaceae, Certophyllaceae.
Bull. No. 515, 518, 523, 527, New Hampshire Agricultural Exper-
iment Sta., Durham.

Crow, G.E. & C.B. Heuiguist, 1981-1985. Aquatic Vascular Plants of
New England. Part 2, Typhaceae and Sparganiaceae; Part 4, Jun-
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caginaceae, Scheuchzeriaceae, Butomaceae, Hydrocharitaceae; Part
6, Trapaceae, Haloragaceae, Hippuridaceae; Part 8, Lentibulari-
aceae. Bull. No. 517, 520, 524, 528, New Hampshire Agricultural
Experiment Sta., Durham.

Voss, E.G. 1985. Michigan Flora, Part II, Dicots (Saururaceae-Cor-
naceae). Cranbrook Inst. Science, Bloomfield Hills, Mich.

GLEASON, H.A. & A. Cronouist. 1991. Manual of Vascular Plants of
Northeastern United States and Adjacent Canada, 2nd ed. New
York Botanical Garden, New York, N.Y.

5. Invertebrates, General

Hyman, L.H. 1940-67. The Invertebrates. Vols. 1-6. McGraw-Hill,
New York, N.Y.

Gosner, K.L. 1971. Guide to Identification of Marine and Estuarine
Invertebrates; Cape Hatteras to the Bay of Fundy. Wiley-Inter-
science, New York, N.Y.

Huuings, N.C. & 1.S. Gray. 1971. A Manual for the Study of Meiofauna.
Smithsonian Contrib. Zool. No. 78.

WATLING, L. & D. Maurer. 1973. Guide to the Macroscopic Estuarine
and Marine Invertebrates of the Delaware Bay Region. Vol. 5.
College Marine Studies, Univ. Delaware, Newark.

Smith, RI. & J.T. Cariton, eds. 1975. Light’s Manual: Intertidal
Invertebrates of the Central California Coast, 3rd ed. Univ. Cali-
fornia Press, Berkeley.

Ming, L. & M. Mne. 1976. Invertebrates of North America. Double-
day & Co., New York, N.Y.
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ALGAE COLOR PLATES
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Plate 28. Taste and odor algae.
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Plate 29. Filter- and screen-clogging algae.
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Plate 30. Fresh-water pollution algae.
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Plate 31. Clean-water algae.
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Plate 32. Plankton and other surface-water algae.
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Plate 33. Algae growing on surfaces.
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Plate 34. Wastewater-treatment-pond algae.
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Plate 35. Estuarine pollution algae.



