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Abstract

Background and Purpose: Fraxinus americana L. and F. pennsyl-
vanica were introduced 100 years ago in forest management in the lowland
regions of Croatia to afforestation sites where the native narrow-leaved ash
could not survive. These species are not distinguished in the practice in
Croatia. The aim of the article was to determine distinguishing traits be-
tween these introduced North American ash species based on morphological
traits of samaras. Reliable determination is the necessary precondition for
successful forest management of plantations of these two species.

Materials and Methods: Samaras were collected from 50 trees in Cro-
atian plantations on 5 localities (Karlovac, Dugo Selo, Durdevac, Batina,
Gunja), and from 3 voucher trees of F. americana and from 1 voucher tree
of F. pennsylvanica. The following traits were measured: length of samara,
length and width of samara wing, length and width of seed cavity, and the
length of wing along the cavity. The results were evaluated using UPGMA
method of cluster analysis with Euclidean distance (D).

Results: The most variable trait was absolute length of wing along seed
cavity with coefficient variability (CV) from 8.38% to 23.41%, while the
least variable trait was the ratio between the length of seed cavity and the
length of samara (CV = 3.64—7.84%). Samaras from Croatian plantations
showed similarity with F. pennsylvanica. Cluster analysis separated vou-
cher trees of F. americana from trees from Croatian plantations of North
American ash species, while the tree of F. pennsylvanica fitted among the
trees from Croatian plantations.

Conclusions: Only the presence of F. pennsylvanica in Croatian planta-
tions was confirmed.

INTRODUCTION

White ash (Fraxinus americana L..) and green ash (F. pennsylvanica)
were introduced 100 years ago in forest management in the lowland re-
gions of Croatia to afforestation sites where the native narrow-leaved
ash could not survive (). These two species are not distinguished in
practice in Croatia, and they are known usually under one name —
»American ash«. Generally, only the distribution of North American
ash species in Croatia was researched (2, 3,4, 5, 6, 7). Only few authors,
trying to reliably determine these species in plantations in Croatia, re-
searched their morphological traits. Kremer (8) analyzed macromor-
phological traits of leaves while Borzan ez al. (9) researched micro-
morphological traits of leaves of the introduced North American ash
species.
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The determination of E americana and F. pennsyl-
vanica based on macromorphological traits of leaves is
not always reliable (10). On the other hand, determina-
tion based on micromorphological traits of leaves is reli-
able but requires light microscope which is not practical
for field work. The introduced North American ash spe-
cies have abundant fructification almost each year. Ac-
cordingly, the possibility of determination of the introdu-
ced North American ash species based on morphological
traits of samaras was researched.

Reliable determination is the necessary precondition
for successful forest management of plantations of these
two species. Actually, E americana and F. pennsylvanica
grow in different ecological conditions and have different
quality of trunk. F pennsylvanica grows at or below the
high water line and on poorly drained backwater sites,
often with its roots in water. It is a small to medium-size
tree with a broad irregular crown, and a short, usually
poorly formed trunk. F. pennsylvanica is a typical pioneer
species which is adapted well to periodical flooding and
swamp conditions, and exceedingly hardy to climatic ex-
tremes. Unlike F. pennsylvanica, F americana grows at or
above the level of high flood water, on higher and drier
slopes, on deep, moist, fertile upland soils. It is a me-
dium-size tree with long, straight, clear, and cylindrical
bole. E americana is the most important ash (Fraxinus L.)
species in the North Eastern part of USA (10). Collecting
samaras in Croatian plantations of North American ash
species for nursery practice without knowing the distin-
guishing traits between F americana and F. pennsylvanica
leads to establishing plantations of these two species in
inadequate ecological conditions. Also, the poor growth
(low increment, bent trunk) of F pennsylvanica is as-
cribed to E americana. It was very often the case in forest
management of lowland forest in Croatia in the middle
of the 20™ century.

MATERIALS AND METHODS

The selection of locality for collecting samaras was
based on area distance. In this way, the possibility that the
seedlings used for establishing plantations were grown
up in the same nursery or that the plants in plantations
were not grown up from seeds which came by wind or
water from neighboring plantations was avoided. In that
way the following forestry offices were selected: Batina
(Management unit »Zmajevacke podunavske Sumex;
trees 1 — 10), Gunja (M. u. » Trizlovi — Rastovo«and M. u.
»Desiéevoc; trees 11 —20), BPurdevac (M. u. »Purdevacke
nizinske Sumec; trees 21 —30), Dugo Selo (M. u. »Crnov-
§¢ak«; trees 31 — 40), Karlovac (M. u. »Re¢icki lugovig;
trees 41 — 50). Ten adult trees at the edge of plantations
with fully developed crown (at least at the one side) were
selected randomly on each locality (Figure 1).

Fully developed and fully illuminated crown enables
complete development of leaves and fruits (11). Fully de-
veloped samaras were removed from short shoots and
put into paper bag. From each bag, 50 samaras were
pulled out by chance and measured. The following traits
were analyzed: the length of samara, the length and
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Figure 1. Plantation of North American ash species in Management
unit »Desicevo«, Forestry office Gunja. Photo: Slavko Tomasevic.

width of samara wing, the length and width of seed cavity
and the length of wing along seed cavity (Figure 2). The
relative length of wing along seed cavity, the ratio be-
tween the length of seed cavity and samaras, and the ratio
between the width and length of seed cavity were ob-
tained by mathematical calculation.

Samaras of voucher trees of E americana were col-
lected in Fort Worth in Texas (tree no. 51), State College
Forest in Pennsylvania (tree no. 52) and in Royal Botani-
cal Gardens Hamilton in Canada (tree no. 53), while
samaras of voucher tree of F. pennsylvanica were collected
in RBG Hamilton in Canada (tree no. 54). Voucher spec-
imens are deposited in the Collection of the Pharmaceu-
tical Botanical Garden »Fran KuSan«, Zagreb, Croatia.

Descriptive statistics was done for all traits. The re-
sults were evaluated using unweighted pair-group me-
thod with arithmetic mean (UPGMA) with Euclidean
distance (Dg). UPGMA generally yields results which
are the most accurate for classification purposes. Prior to
cluster analysis, each variable was standardized (12, 13).
The statistical analysis was performed using software
Statistica 7 (StatSoft Inc., Tulsa, OK, USA).

RESULTS

Descriptive statistics

The average length of samaras collected from trees in
plantations in Croatia ranged from 25.32 mm (tree no.
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Figure 2. Morphological traits measured on samara. Ls = samara
length, Lw = wing length, Lsc = seed cavity length, Lz = wing
length along seed cavity, Ww = wing width, Wsc = seed cavity
width.

50, Karlovac) to 50.24 mm (tree no. 45, Karlovac). Sam-
aras from plantations in Croatia generally were longer
than samaras of F, americana (x = 30.40-36.83 mm) and
F pennsylvanica (x = 27.88 mm).

The average length of samara wing from plantations
in Croatia ranged from 20.41 mm (tree no. 50, Karlovac)
to 42.05 mm (tree no. 21, Purdevac), in trees of F. ame-
ricana from 23.32 mm (tree no. 53) to 26.43 mm (tree no.
52), and in E pennsylvanica (tree no. 54) 24.58 mm.

Tree no. 29 (Purdevac) had the closest (3.47 mm),
and tree no. 19 (Gunja) the widest (6.83 mm) samara
wing. The average width of samara wing in F. americana
ranged from 4.62 mm (tree no. 52) to 5.86 mm (tree no.
53), and in E pennsylvanica (tree no. 54) 6.19 mm.

The average length of seed cavity in samaras from
Croatian plantations ranged from 11.54 mm (tree no. 50,
Karlovac) to 24.44 mm (tree no. 21, Purdevac), in F
americana from 12.64 mm (tree no. 51) to 16.25 mm (tree
no. 52), and in F. pennsylvanica (tree no. 54) it was 11.74
mm. Seed cavity in samaras collected in Croatian planta-
tions was generally longer than in F americana. Only a
few trees from Croatian plantations had the seed cavity
as long as F. pennsylvanica.

The average width of seed cavity ranged from 1.37
mm (tree no. 22, Purdevac) to 2.14 mm (tree no. 22,
Gunja). Only samaras of trees no. 18 (Gunja) and 39
(Dugo Selo) had the seed cavity wider than 2 mm. In F.
americana, seed cavity width was 2.35 mm (tree no. 52),
2.41 mm (tree no. 51), and 2.95 mm (tree no. 53), while
in E pennsylvanica (tree no. 54) seed cavity width was

1.84 mm (Table 1).

The absolute length of wing along seed cavity in sam-
aras collected in Croatian plantations ranged from 6.62
mm (tree no. 50, Karlovac) to 16.71 mm (tree no. 21,
Purdevac), in F americana it ranged from 5.68 mm (tree
no. 51) to 7.42 mm (tree no. 53), and in F. pennsylvanica
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TABLE 1

Statistics for average width of seed cavity in samaras

from trees in Croatian plantations (1-50), and from

voucher trees of Fraxinus americana (Fort Worth—F. a. F. W;

State College Forest — F. a. S. C.; Botanical Gardens

Hamilton - F. a. H.) and F. pennsylvanica (Botanical Gar-

dens Hamilton - F. p. H.). Minimum and maximum val-
ues are bolded.

Locality:  Tree Mean S.D. CV  Min Max
number: (mm) (mm) (%) (mm) (mm)

1 1.75 011 629 143 2.06

2 159 022 13.84 1.16 2.01
B 3 1.78 0.10 5.62 158 2.00
A 4 1.80  0.13 722 152 207
T 5 1.80  0.10 556 1.59  2.00
I 6 1.83 011 6.01 158 2.08
N 7 1.80  0.11 6.11 1.48  2.06
A 8 148 0.12 811 121 1.80

9 193 014 725 149 225

10 1.71 0.12  7.02 150 2.11

11 148  0.09 6.08 130 1.65

12 .72 011 640 138 1.88
G 13 1.86  0.10 538 1.60 2.05
U 14 1.89  0.11 582 1.60 2.06
N 15 1.73  0.17 983 141 212
] 16 1.71 0.09 526 152 1.86
A 17 193 019 984 138 229

18 214 016 748 1.66 243

19 196 019 9.69 151 230

20 198 0.17 859 1.63 223

21 156 0.16 1026 1.03 1.93
b 22 1.37 0.08 584 1.16 156
U 23 1.62  0.08 494 140 1.84
R 24 159 011 692 131 1.89
b 25 1.90 0.10 526 173 2.13
18 26 1.87 0.10 535 1.60 2.01
\Y% 27 153 0.09 588 134 1.76
A 28 1.88  0.12 638 148  2.09
C 29 145 011 759 124 174

30 146 0.11 753 126 1.70
D 31 190 011 579 1.69 220
U 32 1.74  0.15 8.62 145 195
G 33 1.60 0.13 813 124 1.87
O 34 197 019 9.64 130 229

35 .70 0.10 5.88 139 191
S 36 1.61 0.09 559 140 195
I8 37 1.63  0.10 6.13 143 1.83
IL 38 1.79 0.16 894 137 222
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O 39 208 0.10 481 1.81 223
40 155 009 581 141 180
41 1.68  0.09 536 150 194
42 1.62 0.10 6.17 142 1.83
43 1.75 0.14 8.00 146 2.00
44 1.83  0.14 7.65 153 211
45 1.87 016 856 1.60 232
46 1.82  0.11 6.04 156 2.00
47 .75  0.10 571 152 198
48 1.99 010 503 173 2.14
49 .70 0.10 5.88 150 195
50 1.86  0.10 538 156 2.04
F.a. FW. 51 241 013 539 2.08 @ 2.69
F.a S.C. 52 235  0.13 553 2.07 267

F.a H. 53 295 022 746 240 359

F.p. H. 54 1.84 013 707 152 2.09

O» <0 ®m > R

(tree no. 54) it was 8.43 mm. The relative length of wing
along seed cavity (Table 2) in samaras from plantations
in Croatia ranged from 41% (tree no. 13, Gunja) to 80%
(tree no. 18, Gunja), in F americana it ranged from 36%
(tree no. 52) to 51% (tree no. 53), and in E. pennsylvanica
it was 72% (tree no. 54).

The ratio between the length of seed cavity and the
length of samara collected from trees in Croatian planta-
tions ranged from 0.41 (tree no. 10, Batina) to 0.63 (tree
no. 39, Dugo Selo), in F. americana it ranged from 0.41
(tree no. 51) to 0.48 (tree no. 53), and in E pennsylvanica
(tree no. 54) it was 0.42. The ratio the between width and
length of seed cavity ranged from 0.06 (tree no. 21, PBur-
devac) to 0.16 (tree no. 50, Karlovac), in F. americana it
ranged from 0.14 (tree no. 52) to 0.20 (tree no. 53), and in
F pennsylvanica (tree no. 54) it was 0.16.

The most variable trait was the absolute length of
wing along the seed cavity with coefficient variability
(CV) ranging from 8.38% to 23.41%, while the least vari-
able trait was the ratio between the length of seed cavity
and the length of samara (CV = 3.64-7.84%).

Cluster analysis

As regards analyzed traits of samaras, UPGMA sepa-
rated investigated trees of North American ash species as
shown in Fig. 3. Cluster analysis connected two trees
(trees no. 51 and 52) of F. americana at the Euclidean dis-
tance (Dg) of 2.797 in one cluster. The third tree of F
americana (tree no. 53) was connected to this cluster at
the Euclidean distance of 8.729. A cluster with trees no.
51 (E. americana, Fort Worth) and 52 (F. americana, State
College) was connected at the distance of 5.449 to the
group of trees no. 5,42, 21 and 45 from Croatian planta-
tions. F. pennsylvanica (tree no. 54) was fitted among the
trees from Croatian plantations and it was connected
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TABLE 2

Statistics for the relative length of wing along seed cavity

in samaras from trees in Croatian plantations (1-50), and

from voucher trees of Fraxinus americana (Fort Worth — F. a.

F. W, State College Forest-F. a. S. C.; Botanical Gardens

Hamilton - F. a. H.) and F. pennsylvanica (Botanical Gardens

Hamilton - F. p. H.). Minimum and maximum values are
bolded.

Locality: Tree  Mean S.D. CV Min Max
number: (%)

1 0.57 0.09 1579 034 0.76
2 0.54 0.07 1296 040 0.73
B 3 0.57 0.07 1228 043 0.74
A 4 0.51 0.07 13.73 0.33 0.66
T 5 0.68 0.07 1024 0.50 0.82
I 6 0.59 0.10 1695 031 0.82
N 7 0.50  0.07 14.00 0.37 0.72
A 8 0.61 0.10 1639 042 0.87
9 0.72  0.08 11.11 0.50 0.88
10 0.67 0.09 1343 048 0.83
11 0.74 0.07 946 0.63 0.89
12 0.56  0.09 16.07 0.29 0.75
G 13 0.41 0.08 19.51 0.28 0.67
6] 14 0.50  0.07 14.00 0.38 0.69
N 15 0.64 0.11 17.19 045 0.95
] 16 0.63 0.06 952 051 0.78
A 17 053 0.10 18.87 0.33 0.89
18 0.80 0.06 750 0.63 0.90
19 0.77  0.07 9.09 0.63 0.92
20 0.64 0.09 14.06 0.46 0.86
21 0.68 0.10 14.71 048 0.87
b 22 0.62 0.06 9.68 0.50 0.79
6] 23 0.57 0.07 1228 036 0.77
R 24 0.55 0.08 14.55 0.38 0.80
b 25 0.55  0.07 12.73 042 0.72
g 26 0.64 0.06 938 0.50 0.83
v 27 056 0.05 893 043 0.64
A 28 0.60 0.09 15.00 0.40 0.81
© 29 0.44 0.07 1591 0.24 0.61
30 0.55 0.07 12.73 038 0.74
D 51 0.64 0.04 625 055 0.75
6] 32 0.73  0.08 10.96 0.53 0.90
G 33 0.70  0.06 857 0.53 0.81
(@) 34 0.74  0.09 12.16 0.50 0.90
35 0.74  0.07 946 0.56 0.88
S 36 0.65 0.09 13.85 0.40 0.88
g 37 0.69 0.09 13.04 053 091
IL 38 0.72  0.07 9.72 058 0.94
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O 39 0.63 0.11 1746 041 0.99
40 0.61 0.07 1148 047 0.78
41 0.66 0.09 13.64 048 0.87
42 0.63 0.07 11.11 0.50 0.79
43 0.60 0.07 11.67 0.48 0.78
44 0.66 0.06 9.09 053 0.82
45 0.57  0.07 1228 043 0.79
46 0.73  0.06 822 0.54 0.84
47 072 0.06 833 0.57 0.94
48 0.65 0.08 1231 052 0.86
49 057  0.07 1228 042 0.73
50 057 013 22.81 040 1.00
F.a. F.W. 51 045 0.06 1333 034 0.61
F.a.S.C. 52 036 0.06 16.67 0.23 0.48

F.a H. 53 051  0.05 980 042 0.63

F.p. H. 54 0.72  0.10 13.89 0.52 0.93

O » <00 = » A

(Dg = 3.438) with the cluster formed by trees from all re-
searched localities (trees no. 9, 41, 38, 25, 39, 30 and 50).
This group and F pennsylvanica (tree no. 54) were con-
nected (Dg = 4.096) to the large group formed by 38
trees from Croatian plantations.

DISCUSSION

According to results of research of samaras of F
americana and F. pennsylvanica by American authors (14,
15, 16), the average length of samaras in F. americana
does not surpass 4 cm. Based on that fact, we can con-
clude that at least trees from Croatian plantations with

long samaras belong to F. pennsylvanica. Miller (Table 3)
found that E americana has somewhat wider (0.66 cm)
samaras than F pennsylvanica (0.60 cm). In Croatian
plantations, only samaras of trees no. 19 and 28 had the
wing wider than 0.66 cm. Also, the length of seed cavity
in F americana does not surpass 1.6 cm (14, 15, 16). In
most samaras collected in Croatian plantations, the
length of seed cavity surpassed 1.6 cm.

The length of wing along seed cavity is a very impor-
tant characteristic for determination of samaras of F
americana and F. pennsylvanica. Wing extends to the up-
per third part (or 33%) of the seed cavity in F. americana,
and at least to the upper half (often through to the base)
in E pennsylvanica (14, 17, 18, 19, 20). In samaras col-
lected in Croatian populations wing extends along seed
cavity from 41% to 80% (in 40 trees more than 55% and
in 11 trees more than 70%).

Miller (14) found that the average width of seed cavity
in F pennsylvanica was 1.9 mm, and in F. americana 3.0
mm (Table 3). According to Daniels (15), the width of
seed cavity in E americana ranged from 2.52 mm to 2.65
mm. Clausen et al. (16) found that the width of seed cav-
ity in F. americana ranged from 2.50 mm do 3.17 mm (Ta-
ble 4). The average width of seed cavity in samaras from
Croatian plantations surpassed 2 mm only in two trees
(2.14 mm in tree no. 18, and 2.08 mm in tree no. 39).
Based on that fact, samaras from Croatian populations
belong to E. pennsylvanica.

The results of descriptive statistics were confirmed by
cluster analysis which separated voucher trees of F. ame-
ricana from trees of Croatian plantations. On the other
hand, tree of E pennsylvanica fitted among the trees from
Croatian plantations.
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Figure 3. UPGMA dendrogram obtained by analysis of samaras of North American ash species: nondetermined trees from Croatian plantations
(1-50), determined voucher trees of Fraxinus americana (51-53), and F. pennsylvanica (54).
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TABLE 3
Differences between samaras of Fraxinus americana and F. pennsylvanica (Miller 1955).

Samara measurement Species No. of fruits Mean (cm) S. D. (cm)
Samara F. pennsylvanica 803 4.2 +0.721
Length F. americana 704 3.8 +0.431
Samara F. pennsylvanica 803 0.60 +0.1112
Width F. americana 704 0.66 +0.074

Length of F. pennsylvanica 803 2.0 +0.352
Body of Samara F. americana 704 1.6 +0.044
Diameter of F. pennsylvanica 803 0.19 +0.033
Body of Samara F. americana 704 0.30 +0.042
TABLE 4
Characteristics of Fraxinus americana samaras regarding ploidy level (Clausen et al. 1981).
Traits Chromosome number
2% 4x 5x 6x

Samara Length (mm) 31.83 32.35 38.71 39.50
Seed Length (mm) 11.90 11.80 12.43 12.97
Length of Wing on Seed (mm) 3.55 2.90 3.21 3.43
Length of Wing on Seed (%) 29.83 24.58 25.82 26.45
Seed Width (mm) 2.50 2.54 3.14 3.17

Based on morphometric researches of samaras of
North American ash species collected in Croatian plan-
tations and on the available results of American authors,
it could be concluded that samaras from Croatian plan-
tations belong to F. pennsylvanica. Similarity is noticeable
especially on the basis of the length of wing along seed
cavity, width of seed cavity, as well as the length of sam-
aras. Using traits of samaras instead of (or together with)
macromorphological traits of leaves it could be possible
to reliably differentiate F. americana and F. pennsylvanica
which were introduced in the lowland regions of Croatia.
This is the necessary precondition for successful forest
management of plantations of these two species.
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