
811

http://journals.tubitak.gov.tr/veterinary/

Turkish Journal of Veterinary and Animal Sciences Turk J Vet Anim Sci
(2016) 40: 811-816
© TÜBİTAK
doi:10.3906/vet-1601-69

Seroprevalence of caseous lymphadenitis in Kangal Akkaraman sheep

Öznur ASLAN1,*, Kadir Semih GÜMÜŞSOY2, İlknur KARACA BEKDİK1, Aytaç AKÇAY3, Ömer Orkun DEMİRAL4

1Department of Internal Medicine, Faculty of Veterinary Medicine, Erciyes University, Kayseri, Turkey
2Department of Microbiology, Faculty of Veterinary Medicine, Erciyes University, Kayseri, Turkey

3Department of Biometrics, Faculty of Veterinary Medicine, Erciyes University, Kayseri, Turkey
4Department of Reproduction and Artificial Insemination, Faculty of Veterinary Medicine, Erciyes University, Kayseri, Turkey

*	Correspondence: oznuratalay@gmail.com

Kangal Akkaraman is a dual-purpose (bred for both 
meat and milk), stout, and heavy breed with a fat tail. 
It is usually bred to adapt to poor plant cover in areas 
with continental climate. The herdbook of the Kangal 
Akkaraman sheep breed was first established in 2012 (1), 
and there are currently no epidemiological studies that 
report the prevalence of caseous lymphadenitis (CLA) in 
this breed.  

CLA is a bacterial and contagious infection caused by 
Corynebacterium pseudotuberculosis and characterized 
by formation of abscesses in lymph nodes and internal 
organs in sheep and goats (2). It has been reported that 
C. pseudotuberculosis causes infections with different 
symptoms in other animal and human (3,4). 

The economic losses of CLA in the sheep industry are 
associated with early slaughter of agent-positive animals 
and downgrading of carcass, wool, and skin quality and 
yield (4,5). In addition, ewes with CLA may exhibit 
reproduction-related symptoms such as reduced fertility, 
abortions, stillbirths, and neonatal infections (6). In 
Australia, annual losses of $12–15 million were reported 
from CLA due to reduced yields of meat and wool (7). 

In spite of being the golden standard, isolation and 
identification of C. pseudotuberculosis is not always 
practical and advantageous in the diagnosis of CLA. 

One of the reasons for this is that the skin and the 
surroundings of the animal pose a risk for infection and 
contamination for other animals during the puncture of 
the abscesses. Furthermore, fibrosis forms in ruptured 
external lesions, and in addition there is little pus and few 
live microorganisms. Moreover, animals with the visceral 
form of CLA may not have lesions that are suitable for 
sampling, though they still continue to be a source of 
infection for other animals (4). Therefore, serological tests 
have been developed, whereby humoral response towards 
the phospholipase D (PLD) exotoxin is assessed. Some of 
these serological tests include antihemolysis inhibition, 
indirect hemagglutination, hemolysis inhibition, 
immunodiffusion, and enzyme-linked immunosorbent 
assay (ELISA). Another test suggested for the identification 
of CLA is polymerase chain reaction, which is used to 
identify the bacteria isolated from abscesses (4,8). Previous 
studies proved that the ELISA test is an effective method 
in the control and eradication of CLA (3,9). In particular, 
ELISA methods based on the PLD antigen obtained by 
recombinant technology have been reported to be specific 
and sensitive in field diagnosis (4). Therefore, in this study, 
we chose to isolate the causing agent using an ELISA test 
based on the PLD antigen. 
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There seems to be a paucity of serological studies 
reporting the epidemiology of the disease at regional and 
breed levels in Turkey. The majority of the work conducted 
to reveal the prevalence of the disease in Turkey has used 
slaughterhouse materials. The disease is widespread in 
Turkey due to many factors, the most important of which 
include the nature of the farms, with small-scale family 
businesses dominating the industry; intense animal 
movements between flocks; and farmers’ lack of awareness 
of biosecurity measures and prevention methods. 

It appears that no studies have previously reported 
the presence and prevalence of CLA in Kangal 
Akkaraman sheep. Thus, this study aims to determine the 
seroprevalence of CLA in the Kangal Akkaraman sheep 
bred commonly in Sivas Province in Turkey. 

The material of this study consisted of 379 Kangal 
Akkaraman sheep (241 females, 138 males), randomly 
collected from 25 flocks from Altınyayla (n = 84, from 7 
different flocks), Gemerek (n = 110, from 4 different flocks), 
Kangal (n = 31, from 6 different flocks), Şarkışla (n = 65, 
from 6 different flocks), Ulaş TİGEM (n = 80), and Hafik 
(n = 9). Sampled animals were aged between 1 and 4 years 
old and had no previous history of immunization against 
CLA. Blood samples were collected from the jugular vein 
using serum collection tubes coated with silicone during 
January and February 2015. After collecting the blood 
samples, animals were clinically examined for the presence 
of abscesses. Sera were centrifuged at 1500 × g for 15 min 
at room temperature and stored at –20 °C until analysis. 

The ELITEST CLA # CK105A kit (HYPHEN BioMed, 
France) was used in order to determine the CLA antibodies 
in serum samples. Results were evaluated using an ELISA 
reader (BioTek EL × 808, United States) according to 
the manufacturer’s instructions. For the direct ELISA 
method, we used the recombinant form of PLD as the C. 
pseudotuberculosis virulence factor to measure the anti-
PLD antibodies in sera of sheep with CLA. Values above 
and below an optical density (OD) of 400 were considered 

to be positive and negative, respectively. A nonspecific 
reaction was identified when the OD with the negative 
antigen was more than 50% of the maximum OD of the 
positive control. 

Pearson’s chi-square (χ2) test was performed to calculate 
the impact of sex and the presence of abscesses on CLA 
positivity. The risk of CLA positivity was expressed by 
computing the odds ratio. The data were analyzed using 
SPSS 14.0.1 (serial 9869264, SPSS Inc., USA). Statistical 
significance was defined as P < 0.05. 

No clinical symptoms other than the presence of 
abscesses were determined. The ELISA results are 
summarized in Table 1. Mean ELISA results in CLA-
positive and -negative sheep in six regions are presented 
in Table 2.

The CLA prevalences in different districts of Sivas 
Province were calculated as 25% in Altınyayla, 30% in 
Gemerek, 25.8% in Kangal, 50.76% in Şarkışla, 47.5% in 
Ulaş TİGEM, and 55.55% in Hafik (Figure). 

The difference between the prevalence of CLA in 
females and males was not statistically significant (P > 
0.05), as 35.7% and 37.7% of females and males were 
CLA-positive, respectively. These results suggest that the 
disease is observed in males 1.09 times more frequently 
than females (Table 3). 

Table 3 shows that 32.8% and 40.2% of the animals 
without and with abscesses, respectively, were CLA-
positive. CLA was seen 1.37 times more often in animals 
with abscesses than those without abscesses. No statistical 
differences were found between the two groups with and 
without abscesses (P > 0.05) (Table 3). 

CLA is a prevalent, chronic, and subclinical infectious 
disease with substantial economic implications for 
sheep farms. The frequency of observance of the 
disease in Australia was reported as 26% (7). Similarly, 
the CLA prevalence in sheep was found as 42.4% in a 
study conducted in the western United States (10), and 
12.6% from bacteriological analysis and 20.08% from 

Table 1. ELISA test findings of CLA-positive and -negative sheep with and without abscesses.

CLA N
ELISA

Minimum Maximum

95% confidence 
interval for mean

Mean ± std. deviation Lower Upper

Abscess (+)
Negative (-) 110 0.234 ± 0.146 0.037 0.602 0.206 0.261
Positive (+) 74 1189.0 ± 1190.6 0.627 3562.0 913 1464

Abscess (-)
Negative (-) 131 0.219 ± 0.157 0.027 0.568 0.191 0.246
Positive (+) 64 1499.9 ± 1255.7 0.616 3719 1186 1813

Total
Negative (-) 241 0.226 ± 0.153 0.027 0.602 0.206 0.245
Positive (+) 138 1333.1 ± 1226.7 0.616 3719 1126 1539
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histopathological analysis in Tabriz (Iran). While the 
frequencies of CLA observation in sheep and goats were 
23.33% and 11.04%, respectively, according to clinical 
examination, these frequencies were reduced by 22.10% 

and 7.77% in sheep and goats, respectively, if the agent 
was determined through bacteriological methods (11). 
CLA positivity in sheep was identified as 71% in a 
study using an indirect ELISA method in Brazil (9). In 

Table 2. Mean ELISA results in CLA-positive and -negative sheep in 6 regions.

Region CLA N Mean ± std. deviation Minimum Maximum

Altınyayla
Negative (-) 63 0.219 ± 0.167 0.03 0.57
Positive (+) 21 1204.1 ± 1128.9 0.63 3276

Gemerek
Negative (-) 77 0.199 ± 0.143 0.03 0.6
Positive (+) 33 1729.1 ± 1342.8 0.62 3719

Kangal
Negative (-) 23 0.218 ± 0.147 0.04 0.49
Positive (+) 8 1677.9 ± 1299.4 0.65 3460

Şarkışla
Negative (-) 32 0.205 ± 0.145 0.05 0.54
Positive (+) 33 954.2 ± 1126.9 0.66 3001

Ulaş
Negative (-) 42 0.298 ± 0.139 0.07 0.55
Positive (+) 38 1403.8 ± 1202.7 0.63 3439

Hafik
Negative (-) 4 0.299 ± 0.142 0.17 0.49
Positive (+) 5 675.3 ± 923.6 0.71 1692

Figure. The CLA prevalence of sampled animals in different districts of Sivas Province.
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Turkey, on the other hand, Çetinkaya et al. (12) sampled 
slaughterhouse materials and found 3.5% CLA positivity 
in Elazığ Province. Aydın (13) isolated 77 CLA-positive 
samples from a total of 552 sheep samples (12.6%) in 
Turkey. Similarly, Erganiş et al. (14) recorded a 16% C. 
pseudotuberculosis isolation rate from 100 sheep with 
abscessed lymph nodes. In another research carried out 
in Elazığ and its surroundings, 32.7% of the total samples 
(e.g., lymph nodes with abscesses) were CLA-positive (15). 
İlhan et al. (8) serologically tested 245 randomly selected 
sheep and found that 74 (30.2%) were CLA-positive and 
171 (39.7%) were CLA-negative. In the present study, 
CLA prevalence in Kangal Akkaraman sheep was found 
as 36.4%. The differences between CLA prevalences in 
different studies may be attributed to breeding techniques, 
regional differences, breed sensitivity, material selection, 
and/or methods used to determine CLA. 

The epidemiology of the disease may differ in extensive 
and intensive breeding systems. For example, in extensive 
breeding systems, CLA is more widespread in adults than 
lambs, as opposed to intensive breeding systems, where 
CLA’s prognosis in lambs is mild and it has the tendency 
to become chronic in adults (16). Given that the present 
study materials were collected from semiintensive systems, 
these systems are envisaged to be of importance for the 
prevalence of the disease. 

While the CLA prevalence in Kangal Akkaraman 
sheep, a recently registered breed, was determined as 
36.4% in the current study, it was indicated that Merino 
sheep in Australia had a higher prevalence rate compared 
to other breeds (16). Similarly, Pépin (17) stated that some 
dairy breeds in France had higher CLA prevalence than 
other breeds, as well. In a study published by Ribeiro et al. 
(9) in Brazil, Santa Ines breed sheep exhibited the disease 

with 57% frequency in comparison with the Suffolk breed 
with 5% CLA prevalence.

In this study, although no statistically significant 
differences in prevalence were found between the two 
sexes (P > 0.05), CLA infection was observed in males 
1.09 times more frequently than females. Higher disease 
prevalence in males than females may be due to the 
higher risk of pushing on and bursting abscesses during 
the mating season, when males interact physically more 
than females (e.g., mounting). Experimental studies 
where sheep were infected with C. pseudotuberculosis 
intravaginally have been reported (2). Even though the 
infection in rams may lead to orchitis and epididymitis 
(18), there are no detailed studies on the roles of rams 
in transmitting the pathogen. Studies carried out with 
sheep illustrated higher CLA prevalence in females than 
males (96% and 4%, respectively) (9). A similar result 
was published by Al-Gaabary et al. (19), who presented 
a 19.67% CLA occurrence in females in comparison with 
a lower frequency in males (12.42%). Batey et al.’s study 
(20), supporting the results of the current study, reported 
a higher prevalence in males than females in goats. 
Results published by Ribeiro et al. (9) argued for a higher 
prevalence of CLA in females than males. The differences 
could be explained by factors such as breed, region, and 
material selection and need further discussion. 

The CLA lesions in sheep are progressive and chronic. 
Lesions do not show any clear symptoms unless the they 
are considerably large in size and quantity, affecting 
the organ’s functionality. Pervasive abscesses in various 
volumes and structures may be located even in healthy-
looking animals’ internal organs. Livestock with abscesses 
localized in the lungs may cough or wheeze when 
breathing. Livestock with a large number of abscesses 

Table 3. The CLA prevalence according to sex and clinical symptoms. 

CLA
Statistical significance

Negative (-) Positive (+)

Sex

Female 
(n = 241) 155 (64.3%) 86 (35.7%)

χ2 = 0.151 (P > 0.05)
OR (Male / Female): 1.09 (0.71–1.68)Male

(n = 138) 86 (62.3%) 52 (37.7%)

Abscess

-
(n = 195) 131 (67.2%) 64 (32.8%) χ2 = 0.151 (P > 0.05)

OR (Abscess (+ / -): 1.37 (0.91–2.09)
+
(n = 184) 110 (59.8%) 74 (40.2%)

Total (n = 379) 241 (63.6%) 138 (36.4%)

χ2 : Pearson chi-square values; OR: odds ratio.
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in internal organs may experience chronic weight loss 
and unthriftiness, also known as “thin ewe syndrome” 
(21). Some of the important means by which the disease 
is transmitted are pastures, pens, and management tools 
contaminated by ruptured abscesses localized usually in 
superficial lymph nodes or in the bronchus (22). Another 
important transmission path is the drainage of abscesses 
in lungs into mucus and saliva (22,23). Bacterial cultures 
of trachea contents in sheep indicated that lung abscesses 
drain into the trachea (23). 

The infection rate of 32.8% in animals without clinical 
symptoms in the current study indicates that subclinical 
infection has a major role in CLA prevalence. In this study, 
a prevalence of 40.2% and 32.8% of C. pseudotuberculosis 
was found using the ELISA method in animals with and 
without abscesses, respectively. While the detection of 
CLA in asymptomatic animals may reflect the presence 
of infection in the visceral form, the absence of CLA 
pathogens in animals with clinical symptoms may be due 
to diseases accompanied by suppurative lymphadenitis 
irrelevant to C. pseudotuberculosis.

This latter point is supported by İzgür et al. (24), who 
conducted a bacteriological study where they investigated 
the abscesses localized in lymph nodes of sheep brought 
to a slaughterhouse. They concluded that even though C. 
pseudotuberculosis (46.3%) was the dominate agent isolated, 
the following pathogens were also determined from the 
sampled materials: Micrococcus spp. (19.5%), P. aeruginosa 
(7.3%), S. aureus (7.3%), and S. epidermidis (4.8%). It 
should be noted that other bacteria causing suppurative 
lymphadenopathy, e.g., Actinobacillus licheniformis, 
Arcanobacterium pyogenes, and, in some countries, 
Staphylococcus aureus subsp. anaerobius (Morel’s disease), 
should be taken into consideration for differential diagnosis 
(4,25).

In conclusion, it was determined that C. 
pseudotuberculosis, the etiologic agent of CLA, was 
frequently observed in Kangal Akkaraman breed sheep 
flocks in Turkey, highlighting the importance of control 
and eradication programs. Further studies are required to 
determine the role of males in transmission, breed sensitivity, 
the economic importance of disease, and the prevalence of 
Morel’s disease for differential diagnosis in the near future.

References

1.	 Yerli Hayvan Irk ve Hatlarının Tescili Hakkında Tebliğ (Tebliğ 
No: 2004/39)’de Değişiklik Yapılmasına Dair Tebliğ (Tebliğ 
No: 2012/61) T.C. Resmi Gazete, 28384, 14 August 2012 (in 
Turkish).

2.	 Fontaine MC, Baird GJ. Caseous lymphadenitis. Small Rumin 
Res 2008; 76: 42-48.

3.	 Dorella FA, Pacheco LG, Oliveira SC, Miyoshi A, Azevedo 
V. Corynebacterium pseudotuberculosis: microbiology, 
biochemical properties, pathogenesis and molecular studies of 
virulence. Vet Res 2006; 37: 201-218.

4.	 Baird GJ, Fontaine MC. Corynebacterium pseudotuberculosis 
and its role in ovine caseous lymphadenitis. J Comp Pathol 
2007; 137: 179-210. 

5.	 Batey RG. The effect of caseous lymphadenitis on body 
condition and weight of Merino mutton carcasses. Aust Vet J 
1986; 63: 268.

6.	 Alonso JL, Simon MC, Girones O, Musquiz JL, Ortega C, Garcia 
J. The effect of experimental infection with Corynebacterium 
pseudotuberculosis on reproduction in adult ewes. Res Vet Sci 
1992; 52: 267-272.

7.	 Paton MW, Walker SB, Rose IR, Watt GF. Prevalence of caseous 
lymphadenitis and usage of caseous lymphadenitis vaccines in 
sheep flocks. Aust Vet J 2003; 81: 91-95.

8.	İlhan Z, Akan M, İzgur M, Akay Ö, Keçeli H. Detection of 
antibodies elicited to Corynebacterium pseudotuberculosis 
in sheep by hemolysis inhibition test. Veteriner Hekimleri 
Mikrobiyoloji Dergisi Elektronik Versiyonu 2001; 1: 1-9 (in 
Turkish with English abstract).

9.	 Ribeiro D, Dorella FA, Pacheco LGC, Seyffert N, Castro TLP, 
Portela RWD, Meyer R, Miyoshi A, Luvizotto MCR, Azevedo 
V. Subclinical diagnosis of caseous lymphadenitis based on 
ELISA in sheep from Brazil. J Bacteriol Parasitol 2013; 4: 1-4.

10.	 Stoops SG, Renshaw HW, Thilsted JP. Ovine caseous 
lymphadenitis: disease prevalence, lesion distribution, and 
thoracic manifestations in a population of mature culled sheep 
from western United States. Am J Vet Res 1984; 45: 557-561.

11.	 Zavoshti RF, Khoojine ABS, Helan JA, Hassanzadeh B, Heydari 
AA. Frequency of caseous lymphadenitis in sheep slaughtered 
in an abattoir in Tabriz: comparison of bacterial culture and 
pathological study. Comp Clin Path 2012; 21: 667-671.

12.	 Çetinkaya B, Karahan M, Atil E, Kalin R, De Baere T, 
Vaneechoutte M. Identification of Corynebacterium 
pseudotuberculosis isolates from sheep and goats by PCR. Vet 
Microbiol 2002; 88: 75-83.

13.	 Aydın N. Corynebacterium pseudotuberculosis ovis suşlarının 
ve ekzotoksinlerinin antijenik özellikleri üzerinde araştırmalar. 
PhD, Ankara University, Ankara, Turkey, 1977 (in Turkish).

14.	 Erganiş O, Kaya O, Ateş M, İstanbulluoğlu E. Konya EBK 
kombinasında kesilen koyunlardaki apseli lenf yumruları 
üzerine mikrobiyolojik ve serolojik incelemeler. Veterinarium 
1990; 1: 8-11 (in Turkish).

15.	 Muz A, Eröksüz K, Öngör R, Ertaş HB, Kaya A, Kalender H. 
Elazığ Et ve Balık Kurumu mezbahasında kesilen koyunlardaki 
apseli preskapular lenf yumruları zerinde mikrobiyolojik, 
serolojik ve patolojik incelemeler. Fırat Üniversitesi Sağlık 
Bilimleri Dergisi 1995; 9: 204-211 (in Turkish).

http://dx.doi.org/10.1016/j.smallrumres.2007.12.025
http://dx.doi.org/10.1016/j.smallrumres.2007.12.025
http://dx.doi.org/10.1051/vetres:2005056
http://dx.doi.org/10.1051/vetres:2005056
http://dx.doi.org/10.1051/vetres:2005056
http://dx.doi.org/10.1051/vetres:2005056
http://dx.doi.org/10.1016/j.jcpa.2007.07.002
http://dx.doi.org/10.1016/j.jcpa.2007.07.002
http://dx.doi.org/10.1016/j.jcpa.2007.07.002
http://dx.doi.org/10.1016/0034-5288(92)90023-U
http://dx.doi.org/10.1016/0034-5288(92)90023-U
http://dx.doi.org/10.1016/0034-5288(92)90023-U
http://dx.doi.org/10.1016/0034-5288(92)90023-U
http://dx.doi.org/10.1111/j.1751-0813.2003.tb11443.x
http://dx.doi.org/10.1111/j.1751-0813.2003.tb11443.x
http://dx.doi.org/10.1111/j.1751-0813.2003.tb11443.x
http://dx.doi.org/10.1007/s00580-010-1154-7
http://dx.doi.org/10.1007/s00580-010-1154-7
http://dx.doi.org/10.1007/s00580-010-1154-7
http://dx.doi.org/10.1007/s00580-010-1154-7
http://dx.doi.org/10.1016/S0378-1135(02)00089-5
http://dx.doi.org/10.1016/S0378-1135(02)00089-5
http://dx.doi.org/10.1016/S0378-1135(02)00089-5
http://dx.doi.org/10.1016/S0378-1135(02)00089-5


816

ASLAN et al. / Turk J Vet Anim Sci

16.	 Paton MW. Caseous lymphadenitis. In: Proceedings of the 
Fourth International Congress for Sheep Veterinarians; 
Armidale, Australia; 1997. p. 121. 

17.	 Pépin M, Pardon P, Marly J, Lantier F. Corynebacterium 
pseudotuberculosis infection in adult ewes by inoculation in the 
external ear. Am J Vet Res 1988; 49: 459-463.

18.	 Saunders VF, Redacliff LA, Berg T, Hornitzky M. Multiplex 
PCR for the detection of Brucella ovis, Actinobacillus seminis 
and Histophilus somni in ram semen. Aust Vet J 2007; 85: 72-
77.

19.	 Al-Gaabary MH, Osman SA, Oreiby AF. Caseous lymphadenitis 
in sheep and goats: Clinical, epidemiological and preventive 
studies. Small Ruminant Res 2009; 87: 116-121.

20.	 Batey RG, Speed CM, Kobes CJ. Prevalence and distribution of 
caseous lymphadenitis in feral goats. Aust Vet J 1986; 63: 33-36.

21.	 Renshaw HW, Graff VP, Gates NL. Visceral caseous 
lymphadenitis in thin ewe syndrome: isolation of 
Corynebacterium, Staphylococcus and Maraxella spp. from 
internal abscesses in emaciated ewes. Am J Vet Res 1979; 40: 
1110-1114.

22.	 Ellis TM, Sutherland SS, Wilkinson FC, Mercy AR, Paton MW. 
Role of lung Corynebacterium pseudotuberculosis lesions in the 
transmission of this bacterium to other sheep. Aust Vet J 1987; 
64: 261-263.

23.	 Robertson JP. Studies on diagnosis, epidemiology and 
immunity of Corynebacterium pseudotuberculosis infection in 
sheep. MPhil, Murdoch University, Murdoch, Australia, 1980.

24.	 İzgür M, Akan M, İlhan Z. Microorganisms isolated from 
cases of caseous lymphadenitis. Ankara Üniversitesi Veteriner 
Fakültesi Dergisi 1999; 46: 43-50.

25.	 Saeed EMA, Alharbi KB. Morel’s disease and caseous 
lymphadenitis: a literature review with special reference to 
Saudi Arabia. IOSR Journal of Agriculture and Veterinary 
Science 2014; 7: 76-86.

http://dx.doi.org/10.1111/j.1751-0813.2006.00098.x
http://dx.doi.org/10.1111/j.1751-0813.2006.00098.x
http://dx.doi.org/10.1111/j.1751-0813.2006.00098.x
http://dx.doi.org/10.1111/j.1751-0813.2006.00098.x
http://dx.doi.org/10.1016/j.smallrumres.2009.10.008
http://dx.doi.org/10.1016/j.smallrumres.2009.10.008
http://dx.doi.org/10.1016/j.smallrumres.2009.10.008
http://dx.doi.org/10.1111/j.1751-0813.1986.tb02916.x
http://dx.doi.org/10.1111/j.1751-0813.1986.tb02916.x
http://dx.doi.org/10.1111/j.1751-0813.1987.tb15952.x
http://dx.doi.org/10.1111/j.1751-0813.1987.tb15952.x
http://dx.doi.org/10.1111/j.1751-0813.1987.tb15952.x
http://dx.doi.org/10.1111/j.1751-0813.1987.tb15952.x
http://dx.doi.org/10.9790/2380-07537686
http://dx.doi.org/10.9790/2380-07537686
http://dx.doi.org/10.9790/2380-07537686
http://dx.doi.org/10.9790/2380-07537686

