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Figure 4.25. Adult male of Hydropsyche phalerata. Scale bars, 0.5 mm. A) Dorsal view
of head, B) left lateral view of terminalia, C) ventral view of phallobase apex, D.1-D.2)
ventral view of left inferior appendage, E) dorsal view of terga IX and X, F) dorsal view

of abdominal sternum V left gland.
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Figure 4.26. Adult male of Hydropsyche philo. Scale bars, 0.5 mm. A) Dorsal view of
head, B) left lateral view of terminalia, C.1-C.2) ventral view of phallobase apex , D)
ventral view of left inferior appendage, E) ) dorsal view of terga IX and X, F) dorsal view

of abdominal sternum V left gland.
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Figure 4.27. Adult male of Hydropsyche placoda. Scale bars, 0.5 mm. A) Dorsal view
of head, B) left lateral view of terminalia, C.1-C.2) ventral view of phallobase apex , D)

dorsal view of terga IX and X, E) ventral view of left inferior appendage.
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Figure 4.28. Adult male of Hydropsyche simulans. Scale bar, 0.5 mm. A.1) left lateral
view of terminalia, A.2) ventral view of terminalia, B.1-B.2) ventral view of phallobase

apex , D) ventral view of left inferior appendage, E) dorsal view of terga IX and X.
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Figure 4.29. Adult male of Hydropsyche scalaris. Scale bar, 0.5 mm. A.) Dorsal view
of head, B) left lateral view of terminalia, C.1-C.6) ventral view of phallobase apex D)

ventral view of left inferior appendage, E) dorsal view of terga IX and X.
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Figure 4.30. Adult male of Hydropsyche simulans. Scale bars, 0.5 mm. A) Dorsal view
of head B.1-2) left lateral view of terminalia, C.1-C.3) ventral view of phallobase apex,

D.1-D.4) ventral view of left inferior appendage, E) dorsal view of terga IX and X.
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Figure 4.31. Adult male of Hydropsyche valanis. Scale bars, 0.5 mm. A) Dorsal view of
head, B) left lateral view of terminalia, C) ventral view of left inferior appendage, D)

dorsal view of terga IX and X, E.1-E.2) ventral view of phallobase apex.
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Figure 4.32. Adult male of Hydropsyche venularis. Scale bars, 0.5 mm. A) left lateral
view of terminalia, B) ventral view of phallobase apex, C.1-C.2) ventral view of left
inferior appendage, D.1) dorsal view of terga IX and X, D.2) dorsal view of tergum X, E)

dorsal view of abdominal sternum V left gland.
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Figure 4.33. Adult male of Hydropsyche winema. Scale bars, 0.5 mm. A) Dorsal view
of head, B) dorsal view of terga IX and X, C) left lateral view of terminalia, D) ventral

view of phallobase apex, E) ventral view of left inferior appendage.
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Appendix C
Key to the adult males of the North American

Hydropsyche scalaris Group



2(1).

2.

3(2).

4(3).

4
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KEY TO THE ADULT MALES OF THE NORTH AMERICAN

Hydropsyche scalaris GROUP

Interocular width broad, greater than eye width. Occipital setal warts
transverse, greater than half eye width, often equal to or greater than width of
eye (fig. 4.22A; fig. 4.29A; £ig. 4.30A ) ceiiiiiiiien 2
Interocular width narrow, less than or equal to eye width. Occipital setal warts
variable, usually ovaliform or subglobose; width less than half diameter of the
eye (fig. 4.1A; fig. 4.3A;5 f18. A.27A) ceoioiieeeeee e 22
Tergum X with posteromesal lobes that project posterodorsad (fig. 4.2B; fig.
4.6B; f1g8. 4.21B) .. 3
Tergum X with distal margin truncate or rounded, without posteromesal lobes
that project posterodorsad (fig. 4.26B; fig. 4.12B) ....coceeviiriiniiiiniieiccieee 7
Harpagones with apex acute, tip pointed or ogival in ventral view;

Dorsoanterior margin excised in dorsolateral view (fig. 4.2D,B; fig. 4.25D, B)

Harpagones with apex obtuse, tip rounded or truncate in ventral view; rounded
in lateral view (fig. 4.6D,B; fig. 4.21D,B) ...cooiiiiiiiiiieeeee 6
Eye width 0.38-0.48 mm, 0.44 mm. Interocular width:cephalic width 0.37-
0.44, 0.41. Occipital wart:eye width 0.69-0.9, 0.76...........cccccuene..e. H. phalerata
Eye width 0.25-0.33mm, 0.32 mm. Interocular width:cephalic width 0.53-

0.58, 0.54. Occipital wart:eye width 1.0-1.2, 1.1 ....ccceoveriinininnnene H. alabama



21(19%).

21°.

22(1).

22°.

23(22)).

23°.

186

Subapicomesal cavity opening of cleft phallobase oblong, 2 to 4.5 times as
long as wide. Subapicomesal cavity orbicular. Apicolateral lobes extending
posterad beyond subapicomesal cavity 0.5 to 1 times length of subapicomesal
CAVILY (f12. 4.29) it H. scalaris
Subapicomesal cavity opening of cleft phallobase obovate to obpyriform.
Subapicomesal cavity ovaliform. Apicolateral lobes extending posterad
beyond subapicomesal cavity approximately 0.25 times length of
subapicomesal cavity (fig. 4.20) ......ccoovvevrervienieriieiereeieeenns H. mississippiensis
Tergum X with posteromesal lobes that project posterodorsad (Fig. 4.1, B).
Subapicomesal cavity opening of cleft phallobase obpyriform (Fig. 4.1, C)........
............................................................................................................... H. aerata
Tergum X with distal margin rounded or truncate, not projecting posterodorsad
(Fig. 4.14, B; Fig. 4.15, B; Fig. 4.27, B). Subapicomesal cavity opening
VATTIADIC ...ttt ettt ettt eeas 23
Apicolateral lobes of phallobase elongate, extending posterad beyond
subapicomesal cavity 1 to 2 times length of subapicomesal cavity;

dorsoventrally depressed. Phallobase with apicodorsal roof with carina absent .

Apicolateral lobes of phallobase not elongate, extending posterad beyond
subapicomesal cavity less than 1 times the length of the subapicomesal cavity;
if dorsoventrally depressed then distal margin of apicolateral lobes

subtriangular (fig. 4.17C) .ouiiiriiiiiieeeeee e 25



24(23).

24°.

25(22°).

25°.

26(25).

26°.

27(25)).

27.

28(27).

187

Harpagones with apex bifurcate in lateral view (fig. 4.16B), subtriangular with
lateral margin convex in ventral view (fig. 4.16D). Tergum X subrectangular
........................................................................................................... H. hoffmani
Harpagones saber-shaped in lateral view, apex not bifurcate (fig. 4.15B),
falcate with mesal margin convex in ventral view (fig. 4.15C). Tergum X
SUDLIIANGUIAT ... ccuviiiieiieieeieeie ettt ettt e e saeenaeas H. hageni
Phallobase with subapicomesal cavity opening pandurate or U-shaped (fig.
4.10C; fig. 4.31E). Phallobase with apicodorsal roof declivous, carina absent
(fig. 4.10B; fig. 4.31B) et 26
Phallobase with subapicomesal cavity opening obpyriform, orbicular, oblong,
or oblanceolate. Phallobase with apicodorsal roof dorsoventrally depressed,
declivous, or convex; carina present or abSent............ccceevveevueeriieniieenienieeneans 27
Phallobase with subapicomesal cavity opening pandurate (fig. 4.10C). Tergum
X with dorsal margin convex, distal margin irregular in dorsal view (fig.
AIOBLE) oottt H. demora
Phallobase with subapicomesal cavity opening U-shaped (fig. 4.31E). Tergum

X with dorsal margin straight or convex, distal margin entire; notch v-shaped

to u-shaped (fig. 4.31B,D).c..ccuiceiciiciieicieieeee s H. valanis
Phallobase swollen proximally (fig.4.3C; fig. 4.24C) ...ccooevirviniiniiiinicnene 28
Phallobase of uniform width. ..........ccccooiiiiniiiiniieee e 29

Phallobase with subapicomesal cavity opening obpyriform, apicolateral
margin sinuate in ventral view; Apicodorsal roof carinate, with diamond-

shaped notch (fig. 4.3)...cviviiiiieieeeeeeeeee e H. arinale



28’.

29(27°).

29°.

30(29).

30°.

31(30).

31°.

32(30").

188

Phallobase with subapicomesal cavity opening oblong, 2 to 3 times as long as
wide, apicolateral margin smoothly rounded or angled proximally; Apicodorsal
roof without diamond-shaped notch (fig. 4.24).......cccceeviiviiiiieniennnns H. patera
Phallobase with subapicomesal cavity opening oblong, oblanceolate, or linear;
if obpyriform then subapicomesal cavity ovaliform (fig. 4.5C; fig. 4.14C; fig.
4.27C;5 18 4.32B) i 30
Phallobase with subapicomesal cavity opening obpyriform or orbicular.
Subapicomesal cavity orbicular (fig. 4.13C; fig. 4.17C; fig. 4.23C) ................ 33
Carina present on apicodorsal roof of cleft phallobase (fig. 4.14C; fig. 4.32A),
usually projecting above plane of proximal phallobase.............cccccecvieriennnnnne. 31
Carina absent on apicodorsal roof of cleft phallobase (fig. 4.5C; fig. 4.27B),
apicodorsal roof not projecting above plane of proximal phallobase ............... 32
Harpagones subrectangular in ventral view, with tip obliquely truncate.
Phallobase with subapicomesal cavity opening oblanceolate; subapicomesal
cavity orbicular (fig. 4.14)....ccuovevieiee et H. frisoni
Harpagones subtriangular in ventral view, with tip forming an acute point.
Phallobase with subapicomesal cavity opening oblong, 3 to 4 times as long as
wide, occasionally appearing obpyriform; subapicomesal cavity ovaliform
(FAE. 4.32) oottt sb et eneeneas H. venularis
Tergum X subrectangular with distal margin truncate in lateral view.
Harpagones subtriangular in ventral view, with distal tip forming an acute

POINE (FIg. 4.27) vttt H. placoda



32°.

33(29).

33°.

34(32).

34°.
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Tergum X subrectangular with distal margin rounded in lateral view.
Harpagones subrectangular with distal tip truncate ............cccccceverennenne. H. bassi
Phallobase with apicodorsal roof declivous or flattened, with diamond-shaped
notch along mesal margin (Fig. 4.17 B,C; Fig. 4.23B,C) .ccccocevviviiniiienenn. 34
Phallobase with apicodorsal roof convex, not projecting above plane of
proximal phallobase, without diamond-shaped notch along mesal margin;
ventrodistal opening obpyriform...........ccoceeveevierienienieninenieees H. franclemonti
Phallobase with apicolateral lobes dorsoventrally depressed with apex
subtriangular in ventral view. Harpagones with mesal protuberance (Fig. 4.17)
............................................................................................................... H. impula
Phallobase with apicolateral lobes projecting posterodorsad with apex rounded
in ventral view. Harpagones without mesal protuberance. Tergum X

subtriangular (Fig.4.23) .....cccooiieiiieieeeieeeeseee et H. opthalmica
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Appendix D
Principal Component Analysis Graphs
Table V-XVI

Figures 4.34-4.39



191

© | Species
< ° I
A o .2
o o A3
fay
ol <
Z ]
o = o
< " [ ] o o
n P
o < <
<
- n
<
00
Axis 1
. Species
[ o]
s 2
L | | . <o A3
A | | & o
] ™ ° 2 o
2 m B
"
< ° ¢
o <
<& <
<
fay
Axis 1

Multi-Response Permutation Procedures (MRRP) for groups
Chance corrected within-group agreement, A = 0.10056811
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Fig. 4.34 Plot of individual scores obtained from the principal components analysis
for H. auricolor (1), H. californica (2), and H. winema (3).



Table V. Variance extracted, first 3 axes of principal components analysis of
H. auricolor, H. californica, and H. winema.

% of Cum.% Broken-stick
AXIS FEigenvalue Variance of Var. Eigenvalue

1 3.533 44.166 44.166 2.718
2 2.511 31.392 75.558 1.718
3 1.262 15.776 91.334 1.218

Table VI. First 6 eigenvectors of principal components analysis of H. auricolor,
H. californica, and H. winema.

Eigenvector
Traits 1 2 3

FOR 0.3463  0.4105 -0.0994
HIN 0.2819 0.4704 -0.0683
IOW 0.1604  0.5239 -0.2588
CEW 0.4879 -0.0211  0.1648
ICR -0.3670  0.3321 -0.3593
EYE 0.4472 -0.1870  0.0056
WAR -0.0774 03483  0.8649
PER -0.4429  0.2620  0.1189
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Fig. 4.35 Plot of individual scores obtained from the principal components analysis for H.

bassi (1), H. patera (2), H. placoda (3), and H. scalaris (4).



194

Table VII. Variance extracted, first 2 axes of principal components analysis of H. bassi

(1), H. patera (2), H. placoda (3), and H. scalaris (4).

% of Cum.% Broken-stick
AXIS FEigenvalue Variance of Var. Eigenvalue

1 5.488 68.600 68.600 2.718
2 1.795 22.437 91.037 1.718

Table VIII. First 6 eigenvectors of principal components analysis of H. bassi (1), H.

patera (2), H. placoda (3), and H. scalaris (4).

Eigenvector
Trait 1 2

FOR -0.3484  -0.3879
HIN -0.3146  -0.3762
IOW -0.4164  0.0631
CEW -0.2452  -0.5629
ICR -0.3792  0.2961
EYE 0.2984  -0.4836
WAR  -0.4000  0.0216
PER -0.3915 0.2553
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Fig. 4.36 Plot of individual scores obtained from the principal components analysis for H.

scalaris forms 1-6.
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Table IX. Variance extracted, first 2 axes of principal components analysis of H. scalaris
forms 1-6.

% of Cum.%  Broken-stick
AXIS Eigenvalue  Variance of Var. Eigenvalue
1 4.235 52.934 52.934 2.718
2 1.911 23.891 76.825 1.718

Table X. First 2 eigenvectors of principal components analysis of H. scalaris forms 1-6.

Eigenvector
Traits 1 2

FOR -0.4509  0.0343
HIN -0.4127  -0.0675
IOW -0.3660  0.3061
CEW -0.4583  -0.0685
ICR 0.1895 0.4663
EYE -0.3744  -0.2945
WAR  -0.3261 0.4042
PER 0.0021 0.6545
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Fig. 4.37 Plot of individual scores obtained from the principal components analysis for H.

alvata (1), H. bidens (2), H. incommoda (3), H. orris (4), and H. delrio (5).
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Table XI. Variance extracted, first 2 axes of principal components analysis of H. alvata

(1), H. bidens (2), H. incommoda (3), H. orris (4), and H. delrio (5).

% of Cum.%  Broken-stick
AXIS Eigenvalue Variance of Var. Eigenvalue

1 5.624 70.302 70.302 2.718
2 1.220 15.246 85.548 1.718

Table XII. First 2 eigenvectors of principal components analysis of H. alvata (1), H.

bidens (2), H. incommoda (3), H. orris (4), and H. delrio (5).

Eigenvector
Traits 1 2

FOR -0.4018  -0.1676
HIN -0.3986  -0.1309
IOW -0.3790  -0.3429
CEW -0.4093  -0.0806
ICR 0.1861  -0.6255
EYE -0.3815 0.2375
WAR -0.3655  -0.1734
PER 0.2337  -0.5942
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Fig. 4.38 Plot of individual scores obtained from the principal component analysis for H.
franclemonti (1), H. mississippiensis (2), H. rossi (3), and H. simulans (4).
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Table XIII. Variance extracted, first 2 axes of principal components analysis of H.
franclemonti (1), H. mississippiensis (2), H. rossi (3), and H. simulans (4).

% of Cum.% Broken-stick

AXIS  Eigenvalue Variance of Var. Eigenvalue
1 5.823 52.933 52.933 3.020
2 3.485 31.682 84.615 2.020

Table XIV. First 2 eigenvectors of principal components analysis of H. franclemonti (1),
H. mississippiensis (2), H. rossi (3), and H. simulans (4).

Eigenvector

Traits 1 2
FOR -0.3951 0.0653
HIN -0.3769  0.0599

IOW -0.2920  -0.3533
CEW -0.3964  -0.0132

ICR 0.0269 -0.5014
EYE -0.2394  0.4092
WAR -0.2834  -0.3255
PER -0.0472  -0.5012

COX -0.2924  0.2630
HAR -0.3802  0.0699
HCR -0.2981  -0.1309
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Fig. 4.39 Plot of individual scores from the principal component analysis for H. aerata

(1), H. alabama (2), H. brunneipennis (3), H. phalerata (4).
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Table XV. Variance extracted, first 3 axes of principal components analysis of H. aerata
(1), H. alabama (2), H. brunneipennis (3), H. phalerata (4).

% of Cum.%  Broken-stick
AXIS Eigenvalue Variance of Var.  Eigenvalue
1 5.704 71.295 71.295 2.718
2 1.653 20.667 91.962 1.718
3 0.491 6.139 98.101 1.218

Table XVI. First 3 eigenvectors of principal components analysis of H. aerata (1), H.
alabama (2), H. brunneipennis (3), H. phalerata (4).

Eigenvector
Traits 1 3
FOR -0.2604 -0.5725  0.2876
HIN -0.1987  -0.6695  0.0637
IOW -0.4081  -0.0902 -0.2068
CEW 0.3362  -0.3754 -0.4541
ICR -0.4109  0.0989  0.1469
EYE 0.3969 -0.2131 -0.1399
WAR  -0.3481 0.0344  -0.7893
PER -0.4070  0.1364  0.0075
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