






gills of gravid females (Haag 2012, Zieritz and Aldridge 2011,

Hewitt et al. 2021).

Using Bayesian clustering, a four-cluster model (model ¼
VEI, BIC¼ 2,807.75, log-likelihood¼ 1,461.72) and a seven-

cluster model (model¼ EII, BIC¼ 2,785.30, log-likelihood¼
1,469.78) were created and assessed to determine how they

performed in assigning specimens to groups based on their

Procrustes valve shapes. The arbitrary groups created by

Bayesian clustering were agnostic to the four COI-confirmed

species groups and seven COI-confirmed speciesþ sex groups,

but performed similarly (79.0% for four groups, 77.8% for

seven groups) to the PCA-LDA assignments. The agnostic

Bayesian groupings performed similarly to the confirmed

groupings, suggesting that patterns of intra- and interspecific

variation in the four lampsilines are not necessarily as

diagnostic as previously thought and thus require additional

characters for species diagnosis (e.g., Mulcrone and Rathbun

2018 and other field identification guides).

The thin-plate splines show that the generalized mean

shape across sexes of L. fasciola and L. cardium is more

rounded, whereas the mean shape of L. siliquoidea and O.

ligamentina is more elongate (Fig. 3). Thin-plate splines also

show the truncated and rounded posterior end characteristic of

females of the three species with distinct sexual dimorphism

(Fig. 4A, C, and G). These shape characteristics match

descriptions of the species found in field guides (e.g.,

Mulcrone and Rathbun 2018).

In contrast to other studies that showed the utility of

landmark-based morphometric analysis for species identifica-

tion (Inoue et al. 2014; Beauchamp et al. 2020; Beyett et al.

2020; Willsie et al. 2020), our results show that this method is

of limited utility for these four lampsiline species. Landmark-

based morphometric analysis could help improve field

identifications of O. ligamentina and L. siliquoidea because

it was somewhat useful for differentiating these two species

from the other two species we studied. However, the high

degree of overlap in shell shape among other species,

particularly female L. siliquoidea and female L. cardium,

Figure 4. Deformation grids of two-dimensional shell shape showing difference between the combined mean shape of all specimens and the mean shape of: (A)

female and (B) male Lampsilis fasciola, (C) female and (D) male Lampsilis cardium, (E) Ortmanniana ligamentina, and (F) male and (G) female Lampsilis

siliquoidea.
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limits the utility of morphometric traits for identification.

Improvements to the model could be made by incorporating an

assessment of shell variation among different watersheds.

Local variation in water chemistry, hydrology, and other

factors can influence shell shape, and two distinct shell

morphologies of L. fasciola have been described (Watters et

al. 2009).

Using two-dimensional landmarks to assess variation in

valve shape to differentiate among four species of lampsiline

mussels examined in this study has limited utility. Differen-

tiating among more than two species and species with sexual

dimorphism was problematic and had error rates between 20%

and 30%. In addition to two-dimensional valve shape, we

recommend exploring methods for including three-dimension-

al landmarks that reflect shell inflation. A DNA barcoding–

calibrated morphometric key also could be used to examine

differences among the closely related species L. cardium,

Lampsilis ovata (Say 1817), Lampsilis cariosa (Say 1817),

and Lampsilis ornata (Conrad 1835), including potential

hybrids of L. cardium and L. ovata (Hewitt et al. 2019) and L.
siliquoidea and Lampsilis radiata (Rafinesque 1820) (suppos-

edly restricted to the Lake Ontario, St. Lawrence, and Atlantic

Coast drainages; Krebs et al. 2013, Porto-Hannes et al. 2021).

Improving the ability to correctly differentiate among species

using nongenetic techniques remains important for field

biologists. Misidentifications could result in inaccurate

population estimates and biases in field surveys, which could

in turn mislead conservation and management strategies (Shea

et al. 2011).
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Appendix 1. Length, height, width, and hinge-length measurements and field, cytochrome c oxidase subunit 1, and (jackknifed) morphometric identifications for

all specimens collected.

Sample

code

L

(mm)

H

(mm)

W

(mm)

HL

(mm)

Field

species ID

Field

sex ID COI ID

PCA-LDA

assignment:

species

PCA-LDA

assignment:

species þ sex

MLR-01 75.0 52.7 37.3 — Lampsilis

siliquoidea

Female Lampsilis

cardium

Lampsilis

fasciola

L. fasciola female

MLR-02 72.5 57.5 35.5 — L. cardium Female L. cardium Ortmanniana

ligamentina

L. cardium female

MLR-03 98.4 68.3 46.1 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-04 98.1 62.7 42.0 — unknown Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-05 90.0 61.1 41.1 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-06 91.0 62.5 42.8 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. cardium female

MLR-07 88.8 58.9 41.2 — L. siliquoidea Female L. cardium L. cardium L. fasciola female

MLR-08 90.2 61.0 38.7 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-09 82.2 51.3 32.2 — L. siliquoidea Female L. siliquoidea L. cardium L. siliquoidea female

MLR-10 80.4 56.0 34.0 — L. siliquoidea Female L. siliquoidea L. cardium L. siliquoidea female

MLR-11 87.6 60.8 37.7 — L. siliquoidea Female L. cardium L. siliquoidea L. siliquoidea female

MLR-12 85.0 52.0 31.4 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-13 86.0 55.3 31.5 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-14 78.7 50.1 31.3 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-15 82.3 53.3 32.2 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-16 83.0 54.7 33.6 — L. siliquoidea Female L. cardium L. siliquoidea L. siliquoidea female

MLR-17 89.2 59.4 38.4 — L. siliquoidea Female L. siliquoidea L. fasciola L. siliquoidea female

MLR-18 85.7 58.3 35.1 — L. siliquoidea Female L. cardium L. siliquoidea L. siliquoidea female

MLR-19 83.6 52.5 34.1 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-20 76.4 49.6 26.0 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-21 88.8 53.1 30.3 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-22 80.5 49.8 29.6 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-23 80.6 34.4 54.4 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-24 76.1 32.0 49.0 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-25 75.5 26.6 49.9 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-26 85.5 34.1 52.7 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-27 106.6 78.8 51.1 — L. cardium Female L. cardium O. ligamentina L. cardium female

MLR-28 82.5 57.6 35.5 — L. cardium Female L. cardium L. cardium L. cardium female

MLR-29 81.7 57.7 35.7 — L. cardium Female L. siliquoidea L. siliquoidea L. fasciola female

MLR-30 92.1 65.5 47.4 — L. cardium Female L. cardium O. ligamentina L. cardium female

MLR-31 75.6 55.5 39.3 — L. cardium Female L. cardium L. cardium L. cardium female

MLR-32 89.9 60.8 41.6 — L. cardium Female L. cardium L. siliquoidea L. cardium female

MLR-33 81.0 57.1 34.7 — L. cardium Female L. siliquoidea L. cardium L. cardium female

MLR-34 83.6 53.6 36.4 — L. cardium Female L. cardium L. siliquoidea L. siliquoidea female

MLR-35 90.1 57.8 44.9 — L. cardium Female L. siliquoidea L. cardium L. cardium female

MLR-36 76.1 45.8 33.6 — shape-FM,

lure-PB

Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-37 83.3 59.2 38.9 — L. cardium Female L. cardium O. ligamentina L. cardium female

MLR-38 98.1 66.0 46.9 — L. cardium Female L. cardium L. cardium L. cardium female

MLR-39 99.2 65.0 50.0 — L. cardium Female L. cardium O. ligamentina L. cardium female

MLR-40 98.0 61.4 48.1 — L. cardium Female L. siliquoidea L. cardium L. cardium female

MLR-41 89.4 56.3 43.4 — L. cardium Female L. siliquoidea L. siliquoidea L. cardium female

MLR-42 92.1 65.8 44.7 — L. cardium Female L. cardium L. cardium L. fasciola female

MLR-43 74.4 49.6 28.6 — L. cardium Female L. cardium L. cardium L. cardium female

MLR-44 79.0 53.3 31.2 — L. cardium Female L. cardium O. ligamentina L. cardium female

MLR-45 98.6 66.8 50.6 — L. cardium Female L. siliquoidea L. cardium L. cardium female

MLR-46 92.7 62.9 45.1 — L. cardium Female L. siliquoidea L. cardium L. cardium female
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Appendix 1, continued.

Sample

code

L

(mm)

H

(mm)

W

(mm)

HL

(mm)

Field

species ID

Field

sex ID COI ID

PCA-LDA

assignment:

species

PCA-LDA

assignment:

species þ sex

MLR-47 97.6 66.1 44.6 — L. cardium Female L. siliquoidea L. cardium L. cardium female

MLR-48 92.5 62.3 37.7 — L. cardium Female L. siliquoidea L. cardium L. cardium female

MLR-49 85.9 57.7 36.9 — L. cardium Female L. cardium L. cardium L. cardium female

MLR-50 77.9 53.9 36.0 — L. cardium Female L. cardium O. ligamentina L. cardium female

MLR-51 79.4 44.7 25.8 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-52 103.8 59.1 40.9 — L. siliquoidea Female L. siliquoidea L. cardium L. siliquoidea female

MLR-53 85.8 54.6 32.3 — L. siliquoidea Female L. siliquoidea L. fasciola L. cardium female

MLR-54 87.2 58.3 37.5 — L. siliquoidea Female L. cardium O. ligamentina L. fasciola female

MLR-55 77.3 47.7 32.3 — L. siliquoidea Female — L. siliquoidea L. siliquoidea female

MLR-56 84.9 52.6 37.2 — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MLR-57 82.3 51.3 33.5 — L. siliquoidea Female L. cardium O. ligamentina L. fasciola female

MLR-58 77.2 48.5 32.5 — L. siliquoidea Female — L. siliquoidea L. siliquoidea female

MLR-59 78.8 46.4 29.2 — L. siliquoidea Female L. siliquoidea L. fasciola L. siliquoidea female

BRFM-01 — — — — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

BRFM-02 — — — — L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

BRFM-03 — — — — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

BRFM-04 — — — — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea male

BRFM-05 — — — — L. siliquoidea Male L. siliquoidea L. fasciola O. ligamentina

BRFM-06 — — — — L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAPLE-01 — — — — L. siliquoidea Female L. siliquoidea L. cardium L. siliquoidea female

MAPLE-02 — — — — L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

EBWF-01 — — — — L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

EBWF-02 — — — — L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

EBWF-03 — — — — L. siliquoidea Male L. siliquoidea L. fasciola L. siliquoidea male

EBWF-04 — — — — L. siliquoidea Male L. siliquoidea L. cardium L. siliquoidea male

EBWF-05 — — — — L. siliquoidea Female L. siliquoidea L. siliquoidea O. ligamentina

EBWF-06 — — — — L. cardium Female — L. cardium L. cardium female

SALT-01 85 45 29 30 L. siliquoidea Male L. siliquoidea L. fasciola O. ligamentina

SALT-02 54 29 20 18 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

SALT-03 94 53 31 44 O. ligamentina — O. ligamentina L. siliquoidea O. ligamentina

SALT-04 93 59 41 40 L. cardium Female L. cardium O. ligamentina L. fasciola male

SALT-05 101 66 43 46 L. cardium Female L. cardium O. ligamentina O. ligamentina

SALT-06 114 66 48 56 L. cardium Male O. ligamentina L. siliquoidea O. ligamentina

SALT-07 103 72 51 49 L. cardium Female L. cardium O. ligamentina L. cardium female

RR-01 51 33 21 26 L. fasciola Female L. fasciola L. cardium L. fasciola female

RR-02 47 33 22 28 L. fasciola Female L. fasciola O. ligamentina L. fasciola female

RR-03 49 32 22 27 L. fasciola Female L. fasciola L. cardium L. fasciola female

RR-04 45 35 20 24 L. fasciola Female L. fasciola L. cardium L. fasciola female

RR-05 56 42 31 34 L. fasciola Female L. fasciola L. fasciola L. cardium female

RR-06 39 25 16 21 L. fasciola Female L. fasciola L. siliquoidea L. fasciola female

RR-07 48 33 23 26 L. fasciola Female L. fasciola L. fasciola L. fasciola female

RR-08 40 28 17 18 L. fasciola Female L. fasciola L. fasciola L. fasciola female

RR-09 83 59 39 50 L. fasciola Female L. fasciola L. cardium L. fasciola female

RR-10 45 29 19 24 L. fasciola Female L. fasciola L. cardium L. cardium female

RR-11 66 43 29 31 L. fasciola Female L. fasciola L. cardium L. fasciola female

RR-12 38 24 25 17 L. fasciola Female L. fasciola L. fasciola L. fasciola male

RR-13 46 31 21 22 L. fasciola Female L. fasciola L. cardium L. fasciola female

RR-14 54 39 27 30 L. fasciola Female L. fasciola L. cardium L. cardium female

RR-15 47 25 20 25 L. fasciola Female L. fasciola L. fasciola L. fasciola female

RR-16 40 26 16 19 L. fasciola Female L. fasciola L. fasciola L. fasciola female
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Appendix 1, continued.

Sample

code

L

(mm)

H

(mm)

W

(mm)

HL

(mm)

Field

species ID

Field

sex ID COI ID

PCA-LDA

assignment:

species

PCA-LDA

assignment:

species þ sex

RR-17 47 31 19 23 L. fasciola Female L. fasciola L. cardium L. cardium female

RR-18 52 33 21 28 L. fasciola Female L. fasciola L. fasciola L. fasciola male

RR-19 61 37 29 27 L. fasciola Male L. fasciola O. ligamentina L. fasciola male

RR-20 47 31 19 22 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-21 47 32 21 18 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-22 46 30 19 19 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-23 57 38 24 23 L. fasciola Male L. fasciola L. cardium L. fasciola male

RR-24 43 28 18 17 L. fasciola Female L. fasciola L. fasciola L. fasciola female

RR-25 73 47 34 33 L. fasciola Male L. fasciola L. cardium L. fasciola male

RR-26 66 45 27 31 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-27 51 35 23 22 L. fasciola Male L. fasciola O. ligamentina L. fasciola male

RR-28 47 32 20 23 L. fasciola Male L. fasciola O. ligamentina L. fasciola male

RR-29 52 33 19 21 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-30 59 41 26 22 L. fasciola Male L. fasciola O. ligamentina L. fasciola male

RR-31 50 30 21 19 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-32 39 27 14 14 L. fasciola Male L. fasciola L. siliquoidea L. fasciola female

RR-33 43 29 18 17 L. fasciola Male L. fasciola O. ligamentina L. fasciola male

RR-34 39 27 17 14 L. fasciola Male L. fasciola O. ligamentina L. fasciola female

RR-35 53 32 21 23 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-36 66 46 27 27 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-37 60 40 24 24 L. fasciola Male L. fasciola L. fasciola L. cardium male

RR-38 54 36 22 21 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-39 36 22 14 14 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-40 40 26 17 16 L. fasciola Male L. fasciola L. fasciola L. fasciola male

RR-41 39 25 16 14 L. fasciola Male L. fasciola O. ligamentina L. fasciola female

RR-42 109 81 51 40 L. cardium Female L. cardium L. cardium L. cardium female

RR-43 98 67 39 28 L. cardium Female L. cardium L. cardium L. cardium male

RR-44 76 52 34 27 L. cardium Female L. cardium L. fasciola L. cardium female

RR-45 86 60 38 28 L. cardium Female L. cardium L. fasciola L. fasciola female

RR-46 99 69 45 33 L. cardium Female L. cardium L. fasciola L. fasciola female

RR-47 94 70 41 43 L. cardium Female L. cardium O. ligamentina L. cardium female

RR-48 114 80 50 46 L. cardium Female L. cardium L. cardium L. cardium female

RR-49 94 66 38 35 L. cardium Female L. cardium O. ligamentina L. cardium female

RR-50 114 77 46 41 L. cardium Female L. cardium L. cardium L. cardium female

RR-51 94 59 42 32 L. cardium Female L. cardium L. cardium L. cardium male

RR-52 119 82 56 47 L. cardium Female L. cardium L. cardium L. cardium male

RR-53 92 62 39 29 L. cardium Female L. cardium L. cardium L. cardium male

RR-54 108 71 44 38 L. cardium Female L. cardium O. ligamentina L. cardium female

RR-55 97 77 47 43 L. cardium Female L. cardium L. cardium L. cardium female

RR-56 87 56 38 31 L. cardium Female L. cardium L. cardium L. cardium female

RR-57 97 70 37 30 L. cardium Female L. cardium L. cardium L. cardium female

RR-58 94 68 40 29 L. cardium Female L. cardium L. cardium L. cardium female

RR-59 97 63 41 32 L. cardium Female L. cardium L. cardium L. cardium female

RR-60 109 71 47 35 L. cardium Female L. cardium L. cardium L. cardium male

RR-61 108 68 51 38 L. cardium Female L. cardium L. cardium L. cardium female

RR-62 136 95 60 54 L. cardium Male — L. cardium L. cardium male

RR-63 112 82 53 42 L. cardium Female — L. cardium L. cardium female

RR-64 100 67 42 30 L. cardium Female — L. cardium L. cardium female

RR-65 106 78 56 40 L. cardium Female — L. fasciola L. cardium female

RR-66 108 84 50 40 L. cardium Female — L. cardium L. cardium female
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Sample

code

L

(mm)

H

(mm)

W

(mm)
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(mm)
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species ID

Field

sex ID COI ID

PCA-LDA
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species

PCA-LDA

assignment:

species þ sex

RR-67 127 86 52 47 L. cardium Male — L. cardium L. cardium male

RR-68 99 65 42 37 L. cardium Female — O. ligamentina L. cardium female

RR-69 121 76 50 44 L. cardium Male L. cardium L. siliquoidea L. cardium male

RR-70 116 72 52 39 L. cardium Male L. cardium L. cardium L. cardium male

RR-71 142 89 61 58 L. cardium Male L. cardium O. ligamentina L. cardium male

RR-72 112 72 44 33 L. cardium Male L. cardium L. fasciola L. cardium male

RR-73 145 90 55 57 L. cardium Male L. cardium L. cardium L. cardium male

RR-74 121 81 51 43 L. cardium Male L. cardium L. siliquoidea L. cardium male

RR-75 146 94 61 57 L. cardium Male L. cardium O. ligamentina L. cardium male

RR-76 89 59 34 28 L. cardium Male L. cardium L. cardium L. cardium male

RR-77 89 54 31 25 L. cardium Male L. cardium L. fasciola L. cardium male

RR-78 147 94 59 62 L. cardium Male L. cardium L. cardium L. cardium male

RR-79 123 75 50 44 L. cardium Male L. cardium L. cardium L. cardium male

RR-80 115 71 50 41 L. cardium Male L. cardium L. cardium L. cardium male

RR-81 135 82 58 49 L. cardium Male L. cardium L. cardium L. cardium male

RR-82 141 92 59 52 L. cardium Male L. cardium L. cardium L. cardium male

RR-83 114 77 48 39 L. cardium Male L. cardium L. fasciola L. cardium male

RR-84 112 69 43 34 L. cardium Male L. cardium L. cardium L. cardium male

RR-85 104 63 43 37 L. cardium Male L. cardium L. siliquoidea L. cardium male

RR-86 106 70 42 30 L. cardium Male L. cardium L. cardium L. cardium male

RR-87 118 76 52 39 L. cardium Male L. cardium O. ligamentina L. cardium male

RR-88 109 69 45 40 L. cardium Male L. cardium L. cardium L. cardium male

RR-89 128 82 53 46 L. cardium Male — L. cardium L. cardium male

RR-90 124 78 52 44 L. cardium Male — L. cardium L. cardium male

RR-91 135 83 53 52 L. cardium Male — L. cardium L. cardium male

RR-92 105 66 37 40 L. cardium Male — O. ligamentina L. cardium male

RR-93 135 84 59 53 L. cardium Male — L. cardium L. cardium male

RR-94 127 80 52 46 L. cardium Male — L. cardium L. cardium male

RR-95 112 72 44 36 L. cardium Male — L. fasciola L. cardium male

RR-96 132 91 51 49 L. cardium Male — L. cardium L. cardium male

RR-97 123 76 46 46 L. cardium Male — L. siliquoidea L. cardium male

RR-98 134 88 57 45 L. cardium Male — L. fasciola L. cardium male

RR-99 139 88 59 56 L. cardium Male — L. cardium L. cardium male

RR-100 124 74 48 49 L. cardium Male — L. cardium L. cardium male

RR-101 129 83 59 56 L. cardium Male — L. cardium L. cardium male

RR-102 139 90 47 47 L. cardium Male — L. fasciola L. cardium male

RR-103 129 83 57 48 L. cardium Male — L. cardium L. cardium male

RR-104 146 93 57 57 L. cardium Male — O. ligamentina L. cardium male

RR-105 137 85 49 54 L. cardium Male — L. siliquoidea L. cardium male

RR-106 130 80 54 52 L. cardium Male — L. cardium L. cardium male

RR-107 125 76 46 40 L. cardium Male — L. cardium L. cardium male

RR-108 133 82 50 50 L. cardium Male — L. cardium L. cardium male

RR-109 136 85 51 49 L. cardium Male — L. fasciola L. cardium male

RR-110 137 89 60 50 L. cardium Male — L. siliquoidea L. cardium male

RR-111 130 87 53 47 L. cardium Male — L. cardium L. cardium male

RR-112 127 82 52 51 L. cardium Male — L. fasciola L. cardium male

RR-113 135 86 59 48 L. cardium Male — L. cardium L. cardium male

RR-114 135 85 57 53 L. cardium Male — L. fasciola L. cardium male

RR-115 124 77 50 40 L. cardium Male — L. cardium L. cardium male

RR-116 119 74 50 37 L. cardium Male — L. cardium L. cardium male
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PCA-LDA

assignment:

species þ sex

RR-117 141 86 52 56 L. cardium Male — L. cardium L. cardium male

RR-118 76 49 32 20 L. cardium Male — L. fasciola L. cardium male

RR-119 133 82 56 53 L. cardium Male — O. ligamentina L. cardium male

RR-120 125 84 52 47 L. cardium Male — O. ligamentina L. cardium male

RR-121 101 64 38 31 L. cardium Male — O. ligamentina L. cardium male

RR-122 39 23 16 8 L. cardium Male — L. fasciola L. cardium male

RR-123 118 72 51 43 L. cardium Male — L. cardium L. cardium male

GR-01 67 43 27 19 L. cardium Male L. cardium L. fasciola L. fasciola male

GR-02 112 74 49 36 L. cardium Male L. cardium L. cardium L. fasciola female

GR-03 93 64 42 28 L. cardium Male L. cardium L. fasciola L. cardium male

GR-04 49 31 23 15 L. cardium Male L. cardium L. fasciola L. fasciola male

GR-05 104 68 43 42 L. cardium Male L. cardium L. siliquoidea L. cardium male

GR-06 118 76 47 41 L. cardium Male L. cardium L. cardium L. cardium male

GR-07 120 78 55 39 L. cardium Male L. cardium L. cardium L. cardium female

GR-08 68 45 28 20 L. cardium Male L. cardium L. fasciola L. fasciola female

GR-09 114 75 48 37 L. cardium Male L. cardium L. cardium L. cardium male

GR-11 102 67 43 35 L. cardium Male L. cardium L. cardium L. cardium female

GR-12 95 61 35 28 L. cardium Male L. cardium O. ligamentina L. fasciola male

GR-13 75 42 23 28 L. cardium Male O. ligamentina L. siliquoidea O. ligamentina

GR-14 119 78 52 42 L. cardium Male L. cardium L. cardium L. cardium male

GR-15 97 62 40 30 L. cardium Male L. cardium L. siliquoidea L. fasciola female

GR-16 34 21 12 9 L. cardium Male — L. fasciola L. fasciola female

GR-17 109 81 56 45 L. cardium Female L. cardium O. ligamentina L. cardium female

GR-18 84 60 41 23 L. cardium Female L. cardium O. ligamentina L. cardium male

GR-19 87 61 46 25 L. cardium Female L. cardium L. siliquoidea L. siliquoidea female

GR-21 90 63 42 27 L. cardium Female L. cardium L. cardium L. cardium female

GR-22 71 49 32 18 L. cardium Female L. cardium L. fasciola L. fasciola male

GR-23 75 52 37 21 L. cardium Female L. cardium O. ligamentina O. ligamentina

GR-24 91 63 41 30 L. cardium Female L. cardium L. cardium L. cardium female

GR-25 96 67 44 31 L. cardium Female L. cardium L. cardium L. cardium female

GR-26 82 55 39 29 L. cardium Female L. cardium L. cardium L. cardium female

GR-27 115 82 59 41 L. cardium Female L. cardium O. ligamentina L. fasciola female

GR-28 71 46 31 21 L. cardium Female L. cardium L. fasciola L. cardium female

GR-29 102 70 46 39 L. cardium Female L. cardium L. siliquoidea L. cardium female

GR-30 75 49 34 17 L. cardium Female L. cardium L. cardium L. fasciola female

GR-31 93 64 41 32 L. cardium Female L. cardium L. cardium L. cardium female

GR-32 104 70 50 34 L. cardium Female L. cardium L. cardium L. cardium female

GR-33 82 54 36 23 L. cardium Female L. cardium L. cardium L. fasciola female

GR-34 93 66 43 38 L. cardium Female L. cardium L. siliquoidea L. fasciola female

GR-35 91 62 37 24 L. cardium Female L. cardium L. fasciola L. fasciola female

GR-37 65 45 29 14 L. cardium Female — O. ligamentina L. cardium female

GR-38 69 47 33 18 L. cardium Female — L. cardium L. cardium female

GR-39 79 52 35 24 L. cardium Female — L. siliquoidea L. siliquoidea female

GR-40 72 47 33 18 L. cardium Female — L. fasciola L. cardium female

GR-41 84 57 38 27 L. cardium Female — L. cardium L. cardium female

GR-42 60 39 26 15 L. cardium Female — L. fasciola L. cardium female

GR-43 66 45 31 16 L. cardium Female — L. siliquoidea L. fasciola female

GR-44 132 79 56 52 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

GR-45 139 86 52 68 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

GR-46 149 88 55 72 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina
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assignment:
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GR-47 137 83 51 63 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

GR-48 74 44 26 20 O. ligamentina — O. ligamentina L. cardium L. cardium male

CR-01 100 60 34 49 O. ligamentina — O. ligamentina L. cardium O. ligamentina

CR-02 115 68 44 56 O. ligamentina — O. ligamentina L. siliquoidea O. ligamentina

CR-03 107 61 35 46 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-04 101 60 37 50 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-05 116 67 45 58 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-06 83 50 31 34 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-07 109 60 39 52 O. ligamentina — O. ligamentina L. siliquoidea L. siliquoidea male

CR-08 107 62 38 53 O. ligamentina — O. ligamentina L. fasciola O. ligamentina

CR-09 102 61 37 48 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-10 104 64 39 50 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-11 102 65 37 46 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-12 125 73 42 60 O. ligamentina — O. ligamentina L. fasciola O. ligamentina

CR-13 100 59 37 42 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-14 94 54 34 40 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-15 108 68 43 49 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-16 107 64 37 48 O. ligamentina — O. ligamentina L. fasciola L. fasciola male

CR-17 55 36 15 26 O. ligamentina — O. ligamentina L. fasciola L. fasciola male

CR-18 100 61 35 45 O. ligamentina — O. ligamentina L. cardium L. cardium male

CR-19 94 56 32 42 O. ligamentina — O. ligamentina O. ligamentina O. ligamentina

CR-20 103 62 36 50 O. ligamentina — O. ligamentina L. fasciola O. ligamentina

CR-21 44 26 13 15 O. ligamentina — — L. fasciola O. ligamentina

CR-22 104 61 37 46 O. ligamentina — — O. ligamentina O. ligamentina

CR-23 80 47 27 36 O. ligamentina — — L. fasciola O. ligamentina

CR-24 90 57 29 44 O. ligamentina — — O. ligamentina O. ligamentina

CR-25 89 53 29 37 O. ligamentina — — O. ligamentina O. ligamentina

CR-26 80 49 28 40 O. ligamentina — — O. ligamentina O. ligamentina

CR-27 114 65 38 49 O. ligamentina — — O. ligamentina O. ligamentina

CR-28 118 72 42 55 O. ligamentina — — L. siliquoidea O. ligamentina

CR-29 96 59 33 41 O. ligamentina — — O. ligamentina O. ligamentina

CR-30 97 61 37 44 O. ligamentina — — O. ligamentina O. ligamentina

CR-31 103 58 34 40 O. ligamentina — — L. cardium O. ligamentina

CR-32 106 63 36 46 O. ligamentina — — L. fasciola O. ligamentina

CR-33 97 57 30 45 O. ligamentina — — O. ligamentina O. ligamentina

CR-34 95 57 31 40 O. ligamentina — — O. ligamentina O. ligamentina

CR-35 100 59 35 45 O. ligamentina — — L. fasciola O. ligamentina

CR-36 105 67 34 54 O. ligamentina — — O. ligamentina O. ligamentina

CR-37 82 54 27 42 O. ligamentina — — O. ligamentina O. ligamentina

CR-38 125 69 41 59 O. ligamentina — — L. fasciola O. ligamentina

CR-39 114 66 44 50 O. ligamentina — — O. ligamentina O. ligamentina

CR-40 95 61 32 45 O. ligamentina — — O. ligamentina O. ligamentina

CR-41 89 55 34 37 O. ligamentina — — L. siliquoidea O. ligamentina

CR-42 93 56 32 40 O. ligamentina — — O. ligamentina O. ligamentina

CR-43 98 59 34 50 O. ligamentina — — L. cardium O. ligamentina

CR-44 102 62 37 44 O. ligamentina — — L. siliquoidea O. ligamentina

CR-45 113 63 45 50 O. ligamentina — — O. ligamentina L. siliquoidea male

CR-46 111 68 43 53 O. ligamentina — — O. ligamentina O. ligamentina

CR-47 111 63 43 38 O. ligamentina — — O. ligamentina O. ligamentina

CR-48 85 55 28 36 O. ligamentina — — O. ligamentina O. ligamentina
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CR-49 99 59 35 47 O. ligamentina — — L. siliquoidea O. ligamentina

CR-50 87 57 30 42 O. ligamentina — — O. ligamentina O. ligamentina

CR-51 100 59 36 47 O. ligamentina — — L. cardium O. ligamentina

CR-52 91 54 32 42 O. ligamentina — — O. ligamentina O. ligamentina

CR-53 87 55 34 40 O. ligamentina — — O. ligamentina O. ligamentina

CR-54 89 56 28 41 O. ligamentina — — L. cardium O. ligamentina

CR-55 101 61 36 45 O. ligamentina — — O. ligamentina O. ligamentina

CR-56 127 79 48 59 O. ligamentina — — O. ligamentina O. ligamentina

CR-57 97 58 34 49 O. ligamentina — — O. ligamentina O. ligamentina

CR-58 98 59 34 47 O. ligamentina — — O. ligamentina O. ligamentina

CR-59 85 51 27 37 O. ligamentina — — L. fasciola O. ligamentina

CR-60 97 60 35 48 O. ligamentina — — O. ligamentina O. ligamentina

CR-61 105 65 35 41 O. ligamentina — — L. cardium O. ligamentina

CR-62 121 77 46 56 O. ligamentina — — O. ligamentina O. ligamentina

CR-63 94 61 32 45 O. ligamentina — — O. ligamentina O. ligamentina

CR-64 98 61 37 46 O. ligamentina — — O. ligamentina O. ligamentina

CR-65 93 61 34 49 O. ligamentina — — O. ligamentina O. ligamentina

CR-66 84 55 30 35 O. ligamentina — — O. ligamentina O. ligamentina

CR-67 97 57 32 41 O. ligamentina — — L. fasciola O. ligamentina

CR-68 94 55 31 42 O. ligamentina — — O. ligamentina O. ligamentina

CR-69 86 55 30 44 O. ligamentina — — L. cardium O. ligamentina

CR-70 79 50 27 32 O. ligamentina — — O. ligamentina O. ligamentina

CR-71 85 55 30 37 O. ligamentina — — O. ligamentina O. ligamentina

CR-72 90 52 30 42 O. ligamentina — — L. siliquoidea L. siliquoidea male

CR-73 104 68 37 51 O. ligamentina — — O. ligamentina O. ligamentina

CR-74 90 52 30 42 O. ligamentina — — O. ligamentina O. ligamentina

CR-75 113 68 41 62 O. ligamentina — — O. ligamentina O. ligamentina

CR-76 136 77 51 62 O. ligamentina — — L. cardium O. ligamentina

CR-77 114 69 39 59 O. ligamentina — — O. ligamentina O. ligamentina

CR-78 111 66 38 50 O. ligamentina — — O. ligamentina O. ligamentina

CR-79 100 64 35 46 O. ligamentina — — O. ligamentina O. ligamentina

CR-80 98 57 34 52 O. ligamentina — — O. ligamentina O. ligamentina

MAP-01 104 55 31 39 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-02 102 49 33 36 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-03 105 50 33 36 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-04 109 56 39 38 L. siliquoidea Male L. siliquoidea L. cardium L. siliquoidea male

MAP-05 86 43 27 30 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-06 130 61 46 52 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-07 87 43 26 25 L. siliquoidea Male L. siliquoidea L. cardium L. siliquoidea male

MAP-08 95 48 30 27 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-09 102 55 35 37 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-10 99 51 34 38 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-11 112 55 37 38 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-12 113 58 39 41 L. siliquoidea Male L. siliquoidea O. ligamentina L. siliquoidea male

MAP-13 122 61 43 55 L. siliquoidea Male L. siliquoidea O. ligamentina L. siliquoidea male

MAP-14 91 47 31 30 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-15 95 45 30 33 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-16 121 61 47 44 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-17 107 56 37 35 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-18 93 45 31 34 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male
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MAP-19 127 66 46 59 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-20 100 52 30 33 L. siliquoidea Male L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-21 92 49 31 35 L. siliquoidea Female L. siliquoidea L. cardium L. siliquoidea female

MAP-22 77 41 31 24 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MAP-23 99 56 40 34 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-24 88 49 34 30 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MAP-25 97 51 31 38 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MAP-26 73 42 27 25 L. siliquoidea Female L. siliquoidea L. cardium L. siliquoidea female

MAP-27 85 41 30 30 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-28 114 62 50 42 L. siliquoidea Female L. siliquoidea L. cardium L. siliquoidea female

MAP-29 87 47 32 29 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea male

MAP-30 117 57 42 40 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MAP-31 75 42 27 21 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MAP-32 107 61 45 49 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MAP-33 97 51 42 40 L. siliquoidea Female L. siliquoidea L. siliquoidea L. siliquoidea female

MAP-34 90 45 31 30 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-35 110 60 40 35 L. siliquoidea Male — L. cardium L. siliquoidea male

MAP-36 114 57 44 39 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-37 67 36 22 18 L. siliquoidea Male — L. fasciola L. siliquoidea male

MAP-38 125 62 46 48 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-39 88 48 29 27 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-40 95 52 35 33 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-41 77 39 26 24 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-42 103 55 36 36 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-43 87 44 29 28 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-44 98 50 34 33 L. siliquoidea Male — L. cardium L. siliquoidea male

MAP-45 79 39 27 23 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-46 55 30 19 14 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-47 83 47 28 25 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-48 92 47 32 30 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-49 95 50 35 35 L. siliquoidea Male — O. ligamentina L. siliquoidea male

MAP-50 103 48 32 39 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-51 92 47 31 29 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-52 89 50 35 27 L. siliquoidea Male — L. fasciola L. siliquoidea male

MAP-53 87 48 32 32 L. siliquoidea Male — L. siliquoidea L. siliquoidea male

MAP-55 160 103 72 81 O. ligamentina — — O. ligamentina O. ligamentina

MAP-56 158 103 73 79 L. cardium Male — O. ligamentina L. cardium male

MAP-57 155 100 75 70 L. cardium Male — O. ligamentina L. cardium male

MAP-58 129 84 54 61 L. cardium Male — O. ligamentina L. cardium male

MAP-59 131 91 64 59 L. cardium Male — L. cardium L. cardium female

MAP-60 122 83 49 51 L. cardium Male — O. ligamentina L. cardium male

MAP-61 133 84 61 65 L. cardium Male — O. ligamentina O. ligamentina

L ¼ length, W, width, H ¼ height, COI ¼ cytochrome c oxidase subunit 1, PCA-LDA ¼ principal component analysis–linear discriminant analysis.
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