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Abstract

Badraghi A., Erler J., Hosseini S.A.O., Lang R. (2018): Evaluation of animal logging in the mixed broadleaved 
mountain forest: Economic and environmental impacts. J. For. Sci., 64: 251–259.

This investigation assessed the economic and environmental impacts of small-scale wood logging by mules in the 
mixed broadleaved mountain forest. To develop a time prediction model, all measurements of time are replaced by 
their decadic logarithms. Unit cost was calculated by two methods: (i) as usual, division of the system cost by aver-
age productivity per hour, (ii) on the basis of the developed logarithmic models. To investigate the residual damage a 
100% inventory method was employed in pre- and post-hauling, alongside the mule trail. A core sampling technique 
of bulk density was used for determining the degree of soil compaction, and soil disturbed widths were measured at a 
5-m interval in the mule hauling direction. In this research, computed unit cost was 17.2 EUR·m–3 and estimated unit 
cost by the logarithmic model was 16.2 EUR·m–3. This result highlights the time consumption which estimated by the 
developed model was at a close ratio with real time (average at 95%). In terms of environmental impact, the results 
indicated that 5.7% of regenerations and 0% of trees were damaged. Also we found that the increased bulk density was 
not significant (P = 0.903) and only about 0.2% of the total area was disturbed.

Keywords: productivity and cost; logarithm; mule; residual damage; soil damage

It is possible to agree that animal logging still has 
its place even nowadays, when highly mechanized 
timber harvesting systems are available (Toms et 
al. 2001; Akay 2005). Even in industrialized coun-
tries, animals (especially horses) still play an impor-
tant role in forestry exploitation of timber. In many 
developing countries, animal logging was used for 
many years for hauling firewood, pulpwood and saw 
logs (Ghaffariyan et al. 2009), which is still per-
formed as a small-scale harvesting method (Jourg-
holami 2012) because mechanized harvesting ma-
chines are very expensive to purchase and maintain 
(Akay 2005). In industrialized countries, the num-
ber of horse loggers is so small and they do not con-
tribute large wood volumes to the market, as well 

as only few people want or are able to work with 
draught animals (Magagnotti, Spinelli 2011a; 
Malatinszky, Ficsor 2016). Nonetheless, ani-
mal-powered logging still occupies a niche in Ala-
bama and China as a small-scale harvesting alterna-
tive (Wang 1997; Toms et al. 2001) and in Hungary 
26% of forest districts regularly uses horses for skid-
ding (Malatinszky, Ficsor 2016). Due to the de-
velopment of efficient machines and high volume 
demands for the forest products, mechanization 
of logging developed very fast, leaving behind the 
traditional animal logging (Shrestha, Lanford 
2001; Engel et al. 2012). Whilst wood extraction 
by draught animals offers many additional benefits 
such as low impact on the soil, standing trees and 
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seedlings, simplified technologies in timber logging 
and the lowest greenhouse gas emissions (Ficklin 
et al. 1997; Wang 1997; Jourgholami, Majnou-
nian 2010; Magagnotti, Spinelli 2011a; Engel 
et al. 2012; Spinelli et al. 2012; Borz, Ciobanu 
2013; Malatinszky, Ficsor 2016). However, a 
few researchers such as Ghaffariyan et al. (2003) 
and Naghdi et al. (2009) found a greater impact on 
the soil, and researchers such as Ahmadi (1996), 
Ghaffariyan et al. (2009) and Jourgholami and 
Majnounian (2010) found a greater impact on 
seedlings.

The most recent works have stated that animal 
logging is more economical than machines (Ghaf-
fariyan 2008; Ghaffariyan et al. 2009; Gilan-
pour 2010; Spinelli et al. 2012; Malatinszky, 
Ficsor 2016), and their integration with tractor 
skidding is cheaper than direct tractor skidding 
(Magagnotti, Spinelli 2011a, b). In contrast, 
Jourgholami (2012) and Mousavi Mirkala et 
al. (2015) found the higher unit cost of mule logging 
(13.8 and 12.12 EUR·m–3). The hourly production of  
animal logging is low (Rasti 2008; Ghaffariyan 
et al. 2009; Gilanpour 2010; Jourgholami et al. 
2010; Jourgholami 2012; Borz, Cibanu 2013; 
Mousavi Mirkala et al. 2015; Malatinszky, 
Ficsor 2016) and is influenced by logging distance, 
logging trail slope and number of logs per load, kind 
of extracted wood, load volume and weather condi-
tions (Nurminen et al. 2006; Ghaffariyan et al. 
2009; Jourgholami 2012; Borz, Cibanu 2013; 
Mousavi Mirkala et al. 2015; Malatinszky, 
Ficsor 2016).

In the steep terrain of Hyrcanian forests (about 
40% of this forest area), where the ground-based 
system cannot be used, and due to the cutting re-
gime (group and/or single-tree selection) the cut 
volume is not high to use a cable yarding system, 
anima logging can be an alternative to wood ex-
traction in this region. In this context, it is neces-
sary to determine wood transportation efficiency 
considering the cost and as well as the ecological 
impact. Therefore, the aim of this research was to: 
(i) assess economic and environmental impacts of 
mule logging in the mixed broadleaved mountain 
forest, (ii) predict time consumption models by a 
new approach.

MATERIAL AND METHODS

Site description. This study was carried out in 
compartment 27 of the Wood Industry of Farim 
forests (a part of the Hyrcanian forests) which 

is located between 35°58'40'' to 36°15'00''N and 
53°04'20'' to 53°24'55''E. The total surface of this 
compartment is 59 ha, of which 24.5 ha are a protec-
tion area without utilization. The forest lies on the 
north and northwestern aspect at an altitude rang-
ing from 445 to 2,250 m a.s.l. The slope gradient is 
classified in 3 classes 0–30, 30–60 and 60–80%. The 
original vegetation of this area is an uneven-aged 
mixed forest dominated by oriental beech (Fagus 
orientalis Lipsky) and hornbeam (Carpinus betu-
lus Linnaeus). The silvicultural system was applied 
as a combination of group selection and single tree 
selection. The soil type is forest brown soil, and at 
the time of measurement soil moisture content was 
16.4%. The average annual rainfall recorded at the 
closest national weather station was 845.5 mm and 
the mean annual temperature is 11.5°C. The mea-
surements were carried out during the warmest 
month of the year in July (26.2°C).

Data collection. To estimate productivity and 
cost a continuous time-study technique was ap-
plied. The work cycle and time elements were bro-
ken down in four phases:
(i)	� Loading: starts when the worker lifts up the 

lumber by hand and ends when the pieces of 
lumber were fastened with a to the mule;

(ii)	� Hauling: starts when the teamster and mule with 
loaded wood leave the stump area and ends when 
the mule and teamster are on the landing area;

(iii)	�Unhooking: starts when the teamster starts to 
open the rope and ends when the lumber was 
unloaded on the ground;

(iv)	�Returning: starts when the teamster and mule 
leave the landing area and ends when the mule 
stops in the stump area.

Time for each work element and accumulated 
time were measured with a deci-minute stopwatch 
in minutes and seconds. For each mule work cycle, 
time recording started when the mule leaves the 
landing and ended when the wood was unloaded at 
the landing and the mule was ready to start the next 
cycle. All work phases were recorded without any 
special arrangements, and any time which was not 
spent in the work cycle elements was recorded as 
delay time. Further, important variables of the time 
consumption such as size of a piece of wood (width, 
thickness and length), number of pieces of wood, 
terrain slope, hauling distance and volume were re-
corded for each trip. The volume for each piece of 
lumber was estimated by using wood dimensions. 
The volume per turn and total volume were estimat-
ed by multiplying the mean volume of wood by the 
number of pieces. Acceptable required sample is 30 
for scientific inventories (Zobeiry 2000); regarding 
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the sample referred to in this study a decision was 
taken 30 observations to consider required samples, 
when required samples were 34 with 95% probabil-
ity level of 10% accuracy.

In this study, the mule logging crew was used for 
forestry exclusively, who consisted of two mules 
and three workers, both mules were young and they 
were in good body condition and no wound was 
identified on the mule body. In each work cycle a 
mule and two persons were involved, i.e. mules and 
people did not work steadily. All extracted wood 
was in-field produced lumber and its dimensions 
were 1.2–2.8 m in length, 23–30 cm in width and 
12–14 cm in thickness. Each turn, one or two piec-
es of lumber were fastened to the saddle of mules 
(wood hauled on the saddle, Fig. 1). All flitched 
lumber from the two in-field processing places was 
extracted to the two landing areas in 98 cycles. The 
mule paths are described in Table 1. Path 2 was ex-
clusively prepared for animal logging (permanent 
path) and mules moved only on the trail (Fig. 1b), 
while path 1 was a part of the forest stand which 
was identified by the worker before wood extrac-
tion by the mule (Fig. 1a).

In the study area, system cost for mule logging 
was based on the contract. The contract system 
cost was the total cost of: (i) fixed cost (includ-
ing the animal purchase, animal equipment such 
as saddle, mule shoes and logging ropes, animal 
support costs, medicine and vaccination cost), (ii) 
operating cost (such as cost of maintenance and 

repair of the animal equipment), (iii) labour cost 
(such as wage of worker and some fringe benefits).

Therefore, the system cost was calculated based 
on the contract which was 18.7 EUR·h–1. As usual, 
the unit cost was calculated by the division of the 
system cost by average productivity per hour (gross 
and net production). Moreover, on the basis of the 
contract the cost of single trip to extracted 0.15 m3 
(on average) and/or 1.8 (on average) pieces of wood 
was 2.6 EUR.

Model prediction. Normally researchers who use 
the time study in forest harvesting operations pre-
dict a time consumption model by using the origi-
nal times which are gathered by time studies in the 
field. But in this paper, all time study numerical 
data is transformed to their logarithmic data based 
on 10 and the time consumption model was devel-
oped on the basis of logarithmic time data.

Why do we use logarithms? Logarithm modelling 
is indeed the most reliable method for predicting 
the consumption of woodworking time by mule. 
Today’s concept of logarithms might make it seem 
strange that logarithms were really developed out 
of comparing velocities of arithmetically and geo-
metrically moving points (Villarreal-Calderon 
2008). There are two reasons for this unusual and 
slightly more difficult method:
(i)	� Specialists in mathematical statistics know that 

logarithms often fit better to time studies than 
numerical data (Sachs 1984);

(ii)	� Numerical data produce unsolvable contra-

Fig. 1. Layout of mule paths: path 1 (a), path 2 (b)

(a)� (b)

Table 1. Path description

Path No. of cycles
Path length (m)

Direction Slope (%)
minimum mean maximum

1 48 33 76 84 downhill –17
2 50 30 85 99 uphill +23
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dictions and problems that do not occur with 
logarithmic data (Erler 1984, 2012), e.g. in time 
study numerical data, arithmetic mean and per-
formance mean are different but in the logarithm 
of data, both performance mean and arithmetic 
mean are congruent. For example, to do a task 
by two employees, one employee needs 5 min 
and his colleague needs 15 min (their arithmetic 
mean is 10 min). The fast worker’s performance 
is 12 times per hour while his slower colleague’s 
performance is only 4 times per hour (their 
performance mean is 8 times per hour). If this 
performance mean is recalculated to arithmetic 
mean, it would be 7.5 min. This result highlights 
the two different arithmetic means to do a task, 
10 min as the average time consumption and 
7.5 min as the time for average performance, 
which can cause a lot of problems in the inter-
pretation of the statistics (Erler 2012).

To solve this problem we present a solution, as 
the first, when all collected numerical data of the 
time study are transformed to their logarithmic 
data based on 10. After calculating statistical pa-
rameters for the logarithmic data, they are recal-
culated into numerical figures again. The recalcu-
lated mean in our example is located between the 
two means (7.5 min < recalculated mean < 10 min). 
Therefore, in this study the cost is calculated by two 
methods:
(i)	� As usual the unit cost is calculated by the divi-

sion of the system cost by average productivity 
per hour;

(ii)	� We transformed all the time study data to their 
logarithms on the base 10, and using logarithmic 
data we developed a logarithmic time prediction 
model – on the basis of linear regression in SPSS 
software (Version 19, 2011). Finally, by the used 
logarithmic model, we simulated the unit cost for 
11 skidding cycles depending on hauling distance 
and number of pieces of wood under maximum, 
mean and minimum of the influence parameters.

Residual damage. To assess damage to residual 
standing trees a 100% inventory method was em-
ployed in pre- and post-hauling alongside the mule 
path. Inventory was executed within 6 m from each 
side of the mule trail centreline (12 m width). All 
trees greater than 12 cm in DBH and regenera-
tions within 6 m from each side of the centreline of 
the mule path were surveyed. Seedlings were clas-
sified according to the height in three classes: (i) 
0.5 m > h, (ii) 0.5 m < h < 2 m, (iii) 2 m < h < 10 m, 
diameter less than 12 cm.

After finishing the logging operation, a field study 
was carried out again to analyse the residual dam-

age. The total number of damaged trees and seed-
lings was counted alongside the mule hauling di-
rection. The damage to seedlings was recorded by 
seedling height (as mentioned in the pre-harvesting 
part) and damage intensity which was classified in 
two classes: (i) severe (broken top, crushed sapling, 
most parts of the stem are damaged or the seed-
ling is destroyed), (ii) light (some parts of the stem 
and leaves are damaged). The damage to stand-
ing trees was recorded by the number of damaged 
trees, number of injuries on the tree, damage loca-
tion (root and uproot) and damage intensity which 
was classified in two classes: (i) light (in light injury 
the wound size was small and damage was caused 
to scratched or squeezed bark), (ii) deep (in deep 
damage the wound size was large and/or bark of 
the tree was removed and damage was on the cam-
bium layer or wood).

Soil compaction. To determine the degree of soil 
compaction a core sampling technique of bulk den-
sity was applied. Soil samples were collected from 
the horizontal face of a soil pit at 10-cm depths of 
the soil core, at 10 m intervals in the hauling di-
rection of the mule. In this study, 20 bulk density 
samples in the control and 10 bulk density samples 
on path 1 were taken [path 2 was a permanent mule 
path and the soil was compacted prior to this study 
(Fig. 1b)]. To compute the percentage of moisture, 
samples were oven-dried at 110 ± 5°C for 24 h. Af-
ter drying coarse elements such as roots, wood and 
stones were separated from the soil and parameters 
such as soil moisture, soil wet and dry density were 
determined by Eqs 1–3:

w
WWγ

V
 � (1)

where:
γw	 – soil wet density,
WW	– wet weight of soil samples,
V	 – volume of the wet weight of soil samples.

w
d

γγ
1 w




� (2)

where:
γd	– soil dry density,
w	 – soil moisture content (%).

 WW DW
100

WW
w


  � (3)

where:
DW	– dry weight of soil sample (g).

Soil disturbance occurs when soil A-horizon is 
puddled and mixed with forest floor organic debris 
or soil A-horizon is removed and the rest is mixed 
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with B-horizon. To determine the post-harvesting 
soil disturbance, distribution area in the entire 
area of operation such as path 1, in-field process-
ing sites, landing area and tree felling areas are sur-
veyed. Path 2 was a permanent mule trail, therefore 
it was not considered for soil damage. Disturbed 
width was measured at a 10-m interval in mule 
hauling directions.

Statistical analysis. All statistical analyses were 
performed by SPSS software and P < 0.05 was used 
as the limit for statistical significance. A paired 
t-test was employed to test the pre- and post-haul-
ing number of healthy residual trees in the mule 
hauling direction with a 95% confidence level. Be-
fore the analysis of soil data, the normality of data 
distribution was examined by the one-sample Sha-
piro-Wilk test. The soil dry bulk density changes 
between the mule path and the control were com-
pared by one-sample t-test. To develop a logarith-
mic model, linear regression was applied. To do 
this, hauling distance and slope in return phases, 
the number of pieces of wood in loading and un-
hooking phases, distance, the number of pieces of 
wood and slope in hauling phases were considered 
as influencing variables. But the logarithmic model 
was developed just by influencing factors with sig-
nificant correlation coefficients at a level of signifi-
cance α = 0.05.

RESULTS

Time consumption and cost

The ratio between the estimated time by the loga-
rithmic model and the measured time by the time 
study was 99% for return, 97% for loading, 89% for 
hauling and 92% for unhooking (Table 2). The total 
time per turn, which was estimated by the predic-
tion model, takes 7.78 min, whilst the measured 
time in the field was 8.17 min (Table 3). 2.2% of the 
total time was delay time which was also used for 
the prediction model, 100% of delay time was for 

the operational delay. Inter-time elements, hauling 
phase took more time than the other time elements, 
which was about 36% of total time in the time study 
and about 34% of the total time consumption in the 
prediction model (Table 2). 

The average net and gross production rate was 
1.09 and 1.06 m3·h–1, and the average estimated 
cost by the logarithmic model, net and gross unit 
cost were 16.2, 17.2 and 17.6 EUR·m–3, respectively.

Logarithmic time prediction model for simula-
tion of 11 skidding cycles (Eq. 4, R2 = 0.56, n = 98):

�

where:
Ŷ	 – time consumption by the model (min),
HD	 – hauling distance,
R	 – return phases,
S	 – slope,
NW	– number of pieces of wood,
H	 – hauling phases,
L	 – loading phases,
UH	 – unhooking phases.

The simulated cost model shows that the mini-
mum, mean and maximum net cost depend-
ing on hauling distance was 10.14, 16.20 and 
22.98 EUR·m–3 (Fig. 2a). In terms of the number of 
pieces of wood, the maximum net cost was 28.73, 
mean 16.20 and the minimum was 10.56 EUR·m–3 
(Fig. 2b).

Table 2. Measured and estimated time in mule logging

Time consumption
Hauling work phase

loading hauling unhooking return total
Net measured time ± SD (min) 1.45 ± 0.35 2.98 ± 1.23 1.27 ± 0.43 2.59 ± 0.87 8.17 ± 1.98
Measured time (%) 18 36 15 31
Estimated time (min) 1.41 2.64 1.17 2.56 7.78
Estimated time (%) 18 34 15 33
Ratio (%) 97 89 92 99 95

SD – standard deviation

Table 3. Results of inventoried and damaged seedlings in 
each height class

Height 
class (m)

Inventoried seedlings Damage
quantity (%) quantity (%)

< 0.5 220 70.0 11 5.0
0.5–2 24 7.5 5 20.8
2–10 70 22.5 2 2.9
Total 314 100 18 5.7

           0.325 0.009 HD 0.402 0.01 HD 0.273 0.006 0.115 0.173 NW 0.055 0.051 NW 0.220 0.160 NW10 10 10ˆ 10 UHSY R H L                   
           0.325 0.009 HD 0.402 0.01 HD 0.273 0.006 0.115 0.173 NW 0.055 0.051 NW 0.220 0.160 NW10 10 10ˆ 10 UHSY R H L                   

           0.325 0.009 HD 0.402 0.01 HD 0.273 0.006 0.115 0.173 NW 0.055 0.051 NW 0.220 0.160 NW10 10 10ˆ 10 UHSY R H L                   

           0.325 0.009 HD 0.402 0.01 HD 0.273 0.006 0.115 0.173 NW 0.055 0.051 NW 0.220 0.160 NW10 10 10ˆ 10 UHSY R H L                   

(4)
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Residual damage

In total, the number of inventoried seedlings 
was 314, with 18 stems (5.7%) that were damaged 
(Table 3). About 79% of the seedling damage was 
severe (29% broken top and 50% crushed sapling) 
and 21% of damage was light. The statistical analy-
sis showed that the number of healthy individuals 
of regeneration in pre-harvesting to post-harvest-
ing was not significant (P = 0.151). The number of 
inventoried and damaged seedlings in each height 
class is presented in Table 3. The highest number 
of inventoried and damaged seedlings was in the 
first height class (0.5 m > h). Depending on the per-
centage of damaged seedlings, the highest damage 
was in the second height class (0.5–2 m) and the 
lowest was in the third class (2–10 m, Table 3). The 
number of inventoried trees was 55 stems and the 
number of damaged trees was 0 stem (0.00%).

Soil damage

The computed bulk density was 0.953 g·cm–3 in 
the control and 0.956 g·cm–3 on the mule hauling 
path. The bulk density increased by 0.3% to load-
ed 7.2 m3 in 48 mule hauling turns, this increase 
was not statistically significant (P = 0.903, n = 10, 
t-statistic = 0.126).The percentage of soil moisture 
was 19.9% in the control samples, and 16.4% on the 
mule hauling path. Also, about 1% of the total area 
was disturbed by mules.

DISCUSSION

According to our assumption all values of esti-
mated time (geometric means) by the logarithmic 
formula are lower than the time study numerical 
data (lying between two means). Also, estimated 
time consumption by the developed model and real 

time were at a close ratio, on average it was more 
than 95% (Table 2).

Depending on the country, various species of ani-
mals (including oxen, donkeys, horses, elephants, 
lamas, yaks, caribou and mules) have been used 
for wood logging (Malatinszky, Ficsor 2016), 
and their logging capacity is different. In this study, 
the hourly hauling capacity of a single mule was 
1.09 m3·h–1, the hourly production documented by 
Rasti (2008) was 1.4 m3·h–1, Ghaffariyan et al. 
(2009) 1.99 m3·h–1, Gilanpour (2010) 1.27 m3·h–1, 
Jourgholami et al. (2010) 1.2 m3·h–1, Jourgho-
lami (2012) 1.23 m3·h–1, Borz and Cibanu (2013) 
2.63 m3·h–1 (for horse) and Mousavi Mirkala et al. 
(2015) 0.202 m3·h–1. Also, Malatinszky and Fic-
sor (2016) reported that the daily logging capac-
ity of a single draft horse ranges from 4.5 to 30 m3. 
It seems that these ranges of the hourly production 
were similar to our finding. On average, the net cost 
of the extraction of one cubic meter of wood was 
17.2 EUR·m–3 and estimated cost was 16.2 EUR·m–3. 
This finding was similar to Jourgholami (2012) 
and Mousavi Mirkala et al. (2015) observations 
(13.8 and 12.12 EUR·m–3). On the other side, our 
observation was higher than the reported cost by 
Ghaffariyan (2008) 1.99 EUR·m–3, Ghaffari-
yan et al. (2009) 1.28 EUR·m–3 and Gilanpour 
(2010) 2.83 EUR·m–3. Probably, the reason for this 
large difference could be due to the contract infra-
structure. Knowing the factors affecting the pro-
duction and costs of skidding has an important 
role in planning and organizing consumed bud-
geting as well as arranging expenditures to raise 
profitability (Hejazian et al. 2013). After analys-
ing the data and prediction model, it became clear 
that the time consumption was affected by haul-
ing distance, number of hauled pieces of wood per 
turn and terrain slope. Overall, in previous studies 
the most important factors that affected time con-
sumption were hauling distance, slope, volume per 
turn, number of logs per load and kind of extracted 

Fig. 2. Net cost per cubic meter depending on hauling distance (a), number of pieces of wood (b)
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wood (Ghaffariyan et al. 2009; Jourgholami 
2012; Borz, Cibanu 2013; Mousavi Mirkala et 
al. 2015). Further, our findings by simulated mod-
els imply that (regarding the hauling distance) mule 
logging was more profitable at a shorter hauling 
distance (less than 70 m, Fig. 2a). It is to suggest 
the mule integration with skidder at short distanc-
es. Also, Magagnotti and Spinelli (2011b) re-
ported that horse skidding incurs lower unit costs 
than tractor skidding, when the extraction distance 
is short or when pre-existing skidding trails are 
not available (Magagnotti, Spinelli 2011b), and 
their integration with tractor skidding is cheaper 
than direct tractor skidding (Magagnotti, Spi-
nelli 2011a). Also, Malatinszky and Ficsor 
(2016) found that horses are more economic than 
machines in the thick snow. In terms of the number 
of pieces of wood, the difference between minimum 
and maximum cost is high (Fig. 2a), which high-
lights the higher influence of the number of wood 
pieces compared to hauling distance (in less 100 m).

Logging in forests often causes physical dam-
age to standing residual trees and soil (Nikooy 
et al. 2010). The analysis of residual damage data 
indicated that about 5.7% of the regeneration was 
damaged. This range of damage to regeneration is 
similar to results of Gahffariyan (2008), Rasti 
(2008), Naghdi et al. (2009), Spinelli et al. (2012), 
their reported damage was 8, 11, 13.3 and 5% of 
the total seedlings. In contrast, fewer research-
ers found that damaged seedlings exceeded more 
than 22% alongside the mule path (Ahmadi 1996; 
Ghaffariyan et al. 2009; Jourgholami, Maj-
nounian 2010). Researchers who have written for 
the Forest Resources Association believe that 10% 
damage is a worthy goal and that damage exceed-
ing 25% in any partial harvest operation is unac-
ceptable (Gillespie 2001). The main cause of the 
high level of damage is manpower, which can be 
minimized by the use of proper timber harvesting 
techniques. Timber harvesting techniques result-
ed in damage to residual trees, seedlings, and tim-
ber products, but the degree of damage caused by 
the harvesting techniques was significantly differ-
ent (Eroglu et al. 2009). We found that 79% of the 
seedling damage was severe and 21% of damage 
was light, and in regard to pre-harvesting intensi-
ty the lowest damage occurred in the third height 
class and the major portion of damage occurred in 
the second height class. This result is in conflict 
with Naghdi et al. (2009) and in agreement with 
Ghaffariyan et al. (2009). In this research, no 
damage occurred on the trees, which is quite simi-
lar to Jourgholami and Majnounian (2010); 

their study showed that 0% of trees was damaged, 
Ficklin et al. (1997) reported that only 7% of the 
residual trees (DBH > 5 cm) were damaged by the 
mule logging system.

Soil compaction can be characterized as a break-
down of surface aggregates, which leads to a de-
crease in the macropore space in the soil and a sub-
sequent increase in the volume of soil relative to 
the air space, leading to an increase in bulk density 
and soil resistance to penetration (Han 2006). The 
results of soil bulk density showed that an increase 
in soil bulk density was not significantly different 
compared to control samples, while according to 
Naghdi et al. (2009), it was significantly higher 
than in control samples. In the research area of 
Ghaffaryian et al. (2003, 2009) soil compaction 
increased by 14.14% (due to 55 passes) and 13.8% 
(due to 28 passes), but our observation was only 
0.30% (due to 48 passes), which is significantly 
less than in those reports. In our study, bulk den-
sity samples were collected from path 1, where 
designated prior to wood extraction by workers. 
Depending on the results of these researchers 
(Ghaffaryian et al. 2003, 2009; Naghdi et al. 
2009), their considered mule paths were probably 
designated as permanent. The important point in 
this research is that pieces of lumber were fastened 
with a rope to the saddle of the mule and they 
were hauled on the saddle instead of skidding on 
the ground. Therefore, the damaged soil area by a 
mule is only the mule foot track, which can be a 
reason for a tiny change in soil bulk density on path 
1. Jourgholami and Majnounian (2010) showed 
that soil disturbance and soil compaction were re-
duced by mule logging and 4.3% of the total area 
were disturbed. In recent studies, the soil distur-
bance area was also reported by Ghaffaryian et 
al. (2009) 5.72% and less than 3% of the total area 
by Spinelli et al. (2012). Whereas, in our study the 
total area that was disturbed by mule logging was 
less than 1% of the total area, because mules move 
along the narrow path and soil damage was mea-
sured only on path 1, in-field processing areas and 
landing areas. But e.g. Ghaffaryian et al. (2009), 
they surveyed all areas of skid trails, processing 
sites and landing in a compartment to determine 
the disturbed area.

CONCLUSIONS

In the time study, numerical data produces un-
solvable contradictions and problems (Erler 
1984), hence researchers can benefit from loga-
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rithms to solve this problem. Despite the limited 
numbers of time study data (98 turns) we found a 
high ratio (95%) between numerical and logarith-
mic data. Furthermore, depending on our results, 
we can conclude that a suitable harvesting method, 
regarding the environmental impacts on forests in 
a mountain area, is logging by animals. But if for-
esters are looking for economic alternatives, abso-
lutely it cannot be animal logging. Also, we propose 
that animal logging can be more economic if it is 
used at a shorter distance.
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