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Abstract: Various nontimber forest products (NTFPs) are produced from the forests and woodlands
of Yemen. Dragon’s blood tree resin is one of the commercial NTFPs in Yemen and is produced
by tapping Dracaena cinnabari trees, which are listed as vulnerable by the IUCN (International
Union for Conservation of Nature) Red List. By applying a forest resource assessment, the present
study inventoried the D. cinnabari forest with the aim of identifying and evaluating its structure,
the harvesting status of the resin, and the current management system. The study was conducted in
the Firmihin forest, Socotra Island, Yemen Republic. The forest resource assessment was carried out
through a forest inventory by measuring trees from 12 plots following stratified random sampling.
The relevant parameters of a total of 819 trees were measured, including the tree height, stem height
of lowest branches, height of the highest wound, diameter at breast height (DBH), and presence of
wounds. The wounds were measured on a total of 401 trees. Value chain analysis (VCA) was used to
clarify the flow of dragon’s blood tree resin from the producers to the local, national, and international
markets. Traditional management was examined using questionnaires in the case study area and
surrounding villages. There are two tapping techniques: (1) collecting the pure dragon’s blood tree
resin and (2) cutting part of the bark along with the pure resin. The second technique resulted in 84%
of the trees having wounds. The tappers were mostly from the community in and around the forest.
The study found that the traditional management system of tapping dragon’s blood tree resin is
not sustainable.

Keywords: tree damage; wounds; harvesting rules; climate change; local community

1. Introduction

Up to 80% of the population in developing countries depend on nontimber forest products (NTFPs)
for economic and food subsistence [1]. The link between NTFPs and the objectives of conservation and
development has achieved global resonance, especially among forest researchers [2-5]. The harvesting of
NTFPs requires serious attention as part of viable rural development alternatives and the sustainable
use of tropical forests [1,2]. Resin exudes from a variety of tree species, partly as the result of natural
phenomena and partly from injury to the bark or stem of trees. It exudes in liquid form and, upon exposure
to air, dries into translucent tears that remain stuck to the bark of the stem or branch, from which they are
removed by collectors. People use resin for a variety of purposes: as adhesives, for pharmaceutical uses,
for painting, and as food additives [3]. In Yemen, there are many species that provide NTFPs, such as
Ziziphus spina-christi, Commiphora spp., Boswellia spp. [4,5], and D. cinnabari [6], and many other species
are famous for their products, which are traded and used in local, national, and international markets.
Very little is known about harvesting, processing, or marketing of NTFP species.
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The Socotra Archipelago, which is located at the crossroads between the Red Sea, the Arabian
Sea, and the Indian Ocean, is recognized as a regional center of biodiversity and was declared a
UNESCO World Natural Heritage Site in 2008. The archipelago is rich in biodiversity, with spectacular
endemic species; more than 37% of the plant species are endemic [7], including the dragon’s blood tree
(D. cinnabari), but The area is also rich in traditions that have conserved this biodiversity until today [6].
D. cinnabari greatly contributes to the biodiversity value of the island [8]. This tree is the island’s flagship
species [9], and the local Dracaena forest represents one of the Earth’s oldest forest ecosystems [10].
It was presumably present over larger areas of the island in the past [11-14]. This vegetation type
is unique to Socotra, and as such, it is extremely important and has high global significance [15].
According to Attorre et al. [11], the Firmihin forest could be destroyed within 60 years due to
the increasing aridity caused by global climate change forces. Habrova et al. [16], Hubalkova [12],
and Madéra et al. [9] showed a 40% decrease in population abundance after 100 years, taking into
account only the internal force of aging (assuming little or no regeneration).

Secondary thickening is usually absent in monocot plants, but Dracaena is an anomalous
example [17-19]. The tracheid network in the secondary vascular bundles functions both for
transport and mechanical support [20-22], and the secondary vascular bundles also serve as stores
of carbohydrates and water in aboveground organs [23]. The Dracaena species produce dragon’s
blood as a defense mechanism [24]. However, the anatomical structure that produces the dragon’s
blood remains unclear [24,25]; authors have proposed two possible resin origins in the bark [26],
xylem [24,27], or living cells [28].

The Dracaena species are characterized by crowns with well-separated rosettes directed upward
that allow the captured and redirected water to be intercepted by leaves and transported into
the succulent bodies of the tree for storage and future use [29]. Dracaena also have the ability to
bypass axial water flow by lateral transport in the case of stem wounding [30]. The vascular bundles of
Dracaena species can create a three-dimensional network interconnected by pits and embedded in
ground tissues, which gives them the ability to conduct water in any direction [31]. The succulent
and xerophytic features that have also been observed in D. cinnabari and D. draco, such as narrow
leaves, thick cuticles and high leaf mass per area, indicate their resistance to high transpiration
rates [32]; they also appear to have a high density of stomata on both sides of the leaves and stomata
surrounded by a cuticular flange [22]. Photosynthesis, metabolism, nitrogen assimilation, and mineral
nutrition have been poorly studied to date, and other basic physiological studies still require future
intensive research.

Dragon’s blood tree resin that is harvested/collected from D. cinnabari is the most important local
NTEFP. It provides income for the rural population in Socotra and is becoming even more important
with the increases in population, unemployment, and tourism activities [33]. Dragon’s blood tree resin
was a highly prized product of the ancient world, and Roman traders were aware of the dragon’s
blood trees growing on Socotra. Periplus mentioned [34] that “The island yields no fruit, neither vine
nor grain, and there is also produced on this island cinnabar (dragon’s blood tree resin), which is
collected in drops from the trees”; local people continue to trade and use this substance locally today.
Although there is a recognizable market for dragon’s blood resin in local, national and international
markets, no study on the chain of harvesting, processing and marketing is available.

Currently, the main problem is the large number of trees that have been tapped in the past, and
that the continued tapping of these trees occurs in an unsustainable manner [12]. Currently, there is
little demand for the resin, but overexploitation will be a future problem with the increase in population,
demand, and loss of traditional knowledge and harvesting rules. The almost complete eradication of
the closely related D. draco on the Canary Islands has been linked to overexploitation of this species
for dragon’s blood resin in the Middle Ages [35]. The islanders have harvested dragon’s blood resin
on Socotra for a long time, using it locally or exporting it outside the island as one of the important
products in ancient world trade. However, there is no precise record on the present or past traditional
management of the dragon’s blood tree forest, and there has been no analysis of whether the existing
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harvesting management system is sustainable (from a conservation perspective) or not. This study
describes the resin harvesting system.

2. Materials and Method

2.1. Study Area

Socotra Island is located between 12°19’-12°42" N and 53°18’-54°32" E and is part of the Republic
of Yemen, with a total area of 3675 km?. The island is characterized by its high, scenic central mountains,
and the Haggeher Mountains peaks, which rise up to 1500 m at the peak of Skand [36]. The climate is
characterized by a southwest monsoon in summer that continues from June to September, bringing hot,
dry, strong winds and occasional rainfall into the Haggeher Mountains, while the northeast monsoon
in winter (November-January) is less pronounced and coincides with the mainly rainy season in
the north. The annual rainfall ranges between 200 mm in the coastal plains and 1000 mm in the high
mountains [37,38].

The present study was conducted in the Firmihin forest (area: 550 ha), which is located roughly in
the middle of Socotra Island (Figure 1). Firmihin, or Rokeb di Firmihin, is situated on the limestone
plateau to the south of the Haggeher Mountains [14]. Its altitude ranges from 350 m a.s.l. in Soreno
village in the south to 780 m a.s.l. around Terebek village in the north. It was characterized as forest in
a recent land-cover map [39]. According to local leaders, approximately 300 people live in the study
area in 7 small villages. Some villages have just 2 to 4 houses.

Socotra Island

Qalansiyah,

Ghubbah

Bidholeh

Study Area:
Firmihin Forest

Figure 1. Location of the study area (adapted from master plan EPC (Environment Protection Council),
MoPD (Ministry of Planning and Development), and MoHCUP (Ministry of Housing, Construction
and Urban Planning) Republic of Yemen).

The local people are pastoralists, spending most of the winter and the summer rainy season in
Firmihin along with their livestock and most of the summer dry season in the Haggeher Mountains.
Some go farther east with their cows to the Momi area. They do not cultivate date palms, and they
have very few home gardens. This locality was selected due to the occurrence of a relatively dense
D. cinnabari forest distinguished by high canopy closure (over 30%) [39]. The area has very clear
boundaries formed by deep surrounding wadis (Figure 1).
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2.2. Data Collection

In 2010, in the Firmihin forest (study area), 12 plots of 100 X 100 m were randomly stratified and
selected according to altitude (see Table 1 and Figure 2).

Table 1. Areas stratified according to altitude.

Stratified Areas Altitude No. of Plots

(m.a.s.l) (ID)
Area 1 500-599 9,10,11,12
Area?2 600-699 4,6,8
Area 3 700-799 1,2,3,5,7
a
(]l (=]

—
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Figure 2. Location of 12 study plots (base map from Google).

The number of trees (N), diameter at breast height of each tree (DBH), height of the trees (H),
stem height (Hb), and height of the highest wound (Hw) were measured. Due to time restrictions
but while still maintaining the power of the results, the wounds were measured for every second tree.
Additionally, the existence of wounds (yes or no), status of tapping (whether the tree was harvested this
year or not; identified by white bark) and the status of the crown and trunk were ranked in 5 categories
(own classification, see Figures 3 and 4).

The data from stakeholders were mainly gathered through in-depth face-to-face interviews using
semistructured questionnaires, which was further strengthened by key informant interviews and
direct observations. The in-depth semi-structured interviews were conducted with 63 interviewees
to collect data from the tappers of the dragon’s blood tree resin, who had harvested from the study
area. These interviews were carried out in three communities and included children or youth and
women (Table 2). The interview covered basic information about the informant and their livelihood,
the time of harvesting and the harvesting area, the harvesting techniques, marketing, income, and local
management. Key informant interviews were carried out with community leaders, educated people
in the community, and people from the communities who worked with government offices and
the Environmental Protection Authority Socotra staff. Key informant interviews were also conducted
with the wholesalers or retailers in the local and national markets.
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Figure 3. Trunk status categories (own classification). (5): trunk without wounds or with a few small
wounds of 2-3 cm diameter or one medium wound of 3-10 cm diameter; (4): trunk with several small
wounds or a few medium wounds but The trunk is still strong; (3): trunk with large wounds of 1040 cm
diameter and greater, with the center of the trunk still alive; (2): trunk with large wounds, the center of
the wounds mostly dead and sometimes hollow, the wounds sometimes linked together; (1): trunk with
large hollow wounds.

Figure 4. Crown status categories (own classification). (5): full crown without any broken branches and
with very few small wounds; (4): full crown with some broken branches and wounds; (3): damaged
crown with many broken branches and wounds; (2): highly damaged crown with nearly half of the crown
affected by many wounds and broken branches and branches with very few leaves; (1): crown with few
branches and dead branches but The tree is still alive.

Table 2. The interviews covered different groups of harvesters (in 3 different localities).

Area Firmihin Dierho Shibehon Total

Male 22 11 9 42
Female 12 3 6 21
18 years 10 2 1 13

Total 34 14 15 63

Secondary data were obtained through a literature review of several documents that discussed
NTEFEPs, D. cinnabari trees, and their resin [1,40-47]. The local management system was assessed using
forest resource assessment (FRA) 2000 terminology [48]. To shed light on forest utilization and product
marketing, the value chain analysis (VCA) and arena, actors, and institutions (A2I) approach were
used to explain the interactions between actors in specific arena and all institutions arrangements that
organize these interactions [49-52].
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2.3. Data Analysis

After data collection, all quantitative and qualitative data were entered into Excel worksheets.
The quantitative data from the inventory were analyzed using the RStudio program. Histograms,
correlations using models (such as the generalized linear mixed model), and multiple comparisons using
the least significant difference are good tools for detecting relationships between different variables.
The tree density (De) was calculated using the following formula: De = N/Area, where N is the
number of trees. Several wound variables were calculated: Wt = percentage of trees with wounds [%],
Ut = percentage of trees with used wounds [%], Aw = percentage of wounded area per tree [%],
and Nw = average number of wounds per tree [n.t71].

3. Results

3.1. Firmihin Forest Structure

The species composition of the Firmihin evergreen forest is largely uniform, and the Dracaena forest
covers the entire area. The average density of D. cinnabari trees with all trees included is 67 trees ha™.
The tree density is not distributed equally; it varies among plots from 19 to 169 trees ha! (Table 3).
Dracaena trees dominate the upper layer, with heights ranging from 2.9 to 8.9 m, and a mean average
height of 5.2 m is associated with some other tree species, such as Boswellia sp. A, Boswellia dioscoridis,
Commiphora ornifolia, and Ficus salicifolia.

Table 3. The basic measurement data for 819 trees (from field survey).

No. of No. of No. of Trees
Plot No. Plots Area Living Trees Dead Trees Total Trees Measured for Wounds

() (ha) () (n) (n) ()
1 1 94 0 94 47

2 1 138 5 143 69

3 1 40 0 40 20

4 1 164 5 169 79

5 1 69 4 73 36

6 1 28 1 29 14

7 1 19 0 19 10

8 1 116 2 118 57

9 1 19 0 19 10
10 1 23 2 25 12
11 1 62 3 65 32
12 1 19 6 25 15
Total 12 791 28 819 401

Most of the trees were close to the average DBH of 37.9 cm, and the diameters had a wide
range from 8.0 to 82.3 cm, with standard deviation of the mean (SD 10.9). The curve shows a normal
distribution with a p-value = 4.009 x 1077 that was obtained by the Shapiro-Wilk normality test.

According to the inventory, there were 28 dead trees in 12 plots (12 ha); through further calculation,
it was estimated that there are 1283 dead trees in the whole forest (550 ha). Estimating that those trees
died during the past 10 years, we conclude that approximately 129 trees die per year. According to
the calculation, 36,300 (trees in 550 ha) divided by 129 tree deaths each year means that the forest may
be completely dead within 281 years. This estimation does not include any climatic or overmaturity
scenarios that could accelerate this mortality.

3.2. Dragon’s Blood Harvesting

The measurements and observation showed that 84% of the living trees had wounds. In addition,
43 people out of 62 respondents said “there are many wounds”. Of the wounded trees, only 31% of
the trees were used during this season (Figure 5).
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Figure 5. Wounds on the tree and demonstration show harvested wound, present season (red color) (1)
and area harvested in previous seasons (2). Own photo.

There were three proposed origins of the D. cinnabari wounds: 19 of 61 respondants said that
these wounds occurred naturally through the almighty creator (Allah). In the second case, 20 people
out of 61 respondents stated that these wounds were made by people, and nearly half of them thought
the wounds were from the past. Only 6 people reported making new wounds but lacked any special
knowledge. The dragon’s blood tree resin is found on the outer edges of the wound, where it is healing
the area that was injured by harvesting (Figure 5).

From 63 questionnaires, responses to the question “who makes decisions about harvesting?”,
22 mentioned the sheikh of Firmihin by name, 20 mentioned muqaddams (The village leaders), 12 said
“sheikhs” without specification, 12 named other sheikhs in the area, 10 simply said “The people of
the area”, and 7 did not answer the question. The people gave more than one answer to the question.

The harvesting season is followed by recovery time that lasts from 2 to 5 years. The recovery
times suggested by the people ranged between 1.5 to 7 years, with an average of 4.5 years between
harvesting seasons. There are four community groups that harvest the Firmihin forest:

1.  the community of Firmihin (The Dimeroh community) generally controls the Firmihin forest.

2. the neighboring communities are represented by the Dierho community, which is the closest
neighbor and traditionally shares pastures with the Firmihin community. They also share some
responsibility in decision-making about dragon’s blood tree resin harvesting.

3. the Shibehon community, which has been invited to harvest dragon’s blood resin due to neighbor
and family relationships.

4. Others, such as the communities of the Haggeher Mountains, Tida’a, Deismo, and Diksam,
hear about the opening of the harvesting season or are invited by their friends.

Four materials can be gathered from the tree: (1) pure dried fresh resin, such as a small ball
called “Fosoos", (2) broken large and medium slices of resin called “Shahiz”, (3) small slices of resin
called “Daqa”, and (4) bark of the tree derived from harvesting or from dead wood. All pure dragon’s
blood resin (Fosoos, Shahiz, and Dagqa) is called Emselo. All melted or cooked resin is called Edha’a
or Matbukh, which means to be cooked. The large “Fosoos” balls can be removed by hand or using
the tip of a knife. A knife is used for harvesting Shahiz and Daqa. Part of the bark is cut until the white
bark can be seen, which will induce the plant to produce resin to heal the wound. This produces a
wound with harvesting rings. Traditionally, a bag made from goat skin was used to collect the product,
but currently, they also use plastic bags. Some of the harvesters collect Fosoos and Shahiz first and,
after, take parts of the bark separately. Others collect all types together and later separate them into
different grades in their homestead. In these mixes, there are very small pieces of “Daga”; this is mixed
with the red bark, and they are cooked together and called Matbukh ("cooked") or Edha’a (mixed resin).
The quality of Edha’a depends on the amount of pure resin cooked with the bark.

3.3. The Impact of Dragon’s Blood Harvesting on Trees

The average height of the highest wound was 1.8 m (Figure 6), and by taking the standard
deviations, 95% (0.71 SD) of the trees had their highest wounds located lower than 3.2 m.
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As presented in Figure 7, the analysis of variance (ANOVA; p-value < 0.05) was run, and the data
were tested with the LSD test and visualized, which showed that Treatments 1, 2 and 3 belonged to
the same group (all are marked as “a”), and Treatments 4 and 5 were another group, "ab". Therefore,
according to the dependent variable (number of wounds), a significantly lower wound number was
observed on trees with crown statuses 4 and 5 (which are logically the “best” trees), and a higher
wound number was observed on trees with crown statuses 1, 2, and 3 (highly damaged). Therefore,
the high numbers of wounds caused low vitality of the tree, and the low number of trees in with crown
status 1 (highly damaged) additionally showed that the highly damaged trees were more likely to be
removed by natural factors, such as the strong monsoon wind on Socotra.

Histogram of Heights of wounds

T T T T T 1
0] 1 2 3 4 5

Frequency

02 03 04 05 06

00 0.1

Heights of wounds

Figure 6. Height to wound distribution frequency showing that 95% of the trees had wounds located
lower than 3.2 m (p-value = 3.154 X 10715; field measurements).
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Crown categories

Figure 7. Correlation showing the relationship between the crown categories and wound number;
two groups were identified: A and ab (p-value = 0.0004154).

The contingency table (barplot) in Figure 8 shows that the frequency of trees with damaged
crowns was positively associated with the frequency of trees with damaged trunks according to
the chi-square test (p-value < 0.05), suggesting that due to harvesting (wounds), the trunk becomes
damaged, and the whole tree becomes weak.

3.4. Value Chain Analysis

From the inventory, 84% of trees were wounded, and the community recently (during this
harvesting season, which occurred 4 months before the study period) harvested only 31% of the trees.
According to the questionnaires, every person seasonally collected an average of 47.55 kg Edha’a
and 6.40 kg Emselo (pure dragon’s blood resin). These amounts were gathered seasonally, with an
average of 0.54 kg Edha’a/tree and 0.06 kg Emselo/tree. In this season (2010), the average production of
Edha’a amounted to 47.55 kg/person/season. In total, they harvested 11,887.5 kg Edha’a and 1600 kg
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Emselo during one season (average: 11 days) with the participation of 250 persons in the last season,
which occurred 2.5 years ago. The average production of Edha’a amounted to 51 kg/person/season.

In the interview with the Socotra Women Development Association (SWDA), the price of 500 g
(1 ratal) of dragon’s blood started from 2.7 United States Dollar (USD) in 2003 and increased to 13.7 USD
in 2010. Currently (2018), the price of dragon’s blood resin (pure resin) has increased five times from
the price in 2010 and reached 23 USD/500 g.

_
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Crown categories

Figure 8. Barplot for the contingency table shows the relationship between the crown categories (x-axis)
and trunk categories (side colors with trunk categories; p-value = 8.632 x 10712; field measurements).

4. Discussion

4.1. Population Structure

Three vegetation strata can be identified that are dominated by D. cinnabari trees. Dracaena trees
are characterized by different height and diameter classes, but they do not regenerate. Similarly,
many authors have mentioned the lack of regeneration in dragon’s blood tree forests and woodlands
on Socotra [53,54]. Trees with heights of less than 2.9 m and diameters of less than 8 cm are absent,
which supports the hypothesis of gradual extinction [9,16] over the hypothesis of sudden mass
extinction [10]. There is a sufficient number of Dracaena trees available, with an average cover of
67 trees ha™l. Adolt et al. [14] published the results of dragon’s blood tree population inventory in
Firmihin; in an area of 648 ha, they estimated 65,509 living trees and 545 dead trees, with an average
population density of 101 living trees ha™'. They also found an insufficient number of young trees
and no or lack of regeneration. According to Adolt et al. [14], the mortality was less than 1% (0.82%),
but this study showed four times higher mortality, reaching 3.41%. Additionally, a study published
by Madéra et al. [9] estimated that the mortality was less than 1%, which differed substantially with
the age of the trees. Despite the long-term morphological, anatomical, and physiological adaptations
of the DC trees to arid climate conditions [22,28-30,32,55], the present tree populations do have an
evidently unbalanced age structure with a largely disorganized woodland structure and a lack of
natural regeneration [16].

Inlow-density areas, there is also a high density of harvested trees, which facilitates the degradation
of D. cinnabari stands. This applies to other open areas, such as Dixam, Momi, Shibehon, Kilimo,
and Sirahan. According to the inventory, there were 28 dead trees in 12 plots (12 ha), and the calculation
showed that 36,300 (The number of trees in 550 ha) divided by 129 tree deaths each year means that
the forest may be completely dead within 281 years. This estimation did not include any climatic or
overmaturity scenarios, which could accelerate this mortality. Hubalkova [12] and Habrova et al. [16]
published predictive models of the future development at selected localities based on a detailed
description of the stand structure by Habrova and Madéra [56] and the original methodology of the DC
crown age estimation by Adolt and Pavli$ [10] and Adolt et al. [13]. Authors have predicted that the DC
abundance will decrease by 36%, according to Hubalkova [12], or 37%, according to Habrova et al. [16],
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over the next 100 years, but both studies underestimated the mortality of dragon’s blood trees in
the oldest age classes in the population extinction models used by Madéra et al. [9].

4.2. Population Decline due to Resin Harvesting

The distribution of DC forests and woodlands was published by Kral and Pavlis [39], who estimated
the total area of habitats with the presence of DC at 7230 ha (6200 ha of DC woodlands, 230 ha of DC
forests, and 800 ha of mountain forests with DC admixture). More precisely, using remotely sensed
data, Madéra et al. [9] estimated the total area of occupancy of the dragon’s blood tree at 51,963 ha,
which included 80,134 individuals (except the areas under 1100 masl). They also included habitats
with individual DC tree occurrence. In the past, DC forests were presumably present over larger areas
of the island [11,57]. According to Attorre et al. [11], DC occupies only 5% of its current potential
habitat. Conditionally, in a specific climate change scenario leading to increased aridity, the authors
concluded that the current potential habitat of DC would be reduced by 45% by 2080. Only two out of
the nine remnant areas should be considered potential refugia [11].

Two hypotheses have been recently proposed to explain the recession of the DC communities.
The first considered animal grazing the main driving force of the unsatisfactory tree regeneration and
the prevailing absence of younger age classes [10]. The second hypothesis considers global climate
change the main factor [11,58]. Regardless of the reason, DC forests and woodlands are threatened
communities today [37,59]. Nobody has investigated the influence of dragon’s blood harvesting on
the population of such a threatened tree species, but we can expect that the large population decline
was caused by unregulated overharvesting of resin in the past [6,58].

According to the findings, dragon’s blood harvesting negatively influences the population status.
The measurement showed that 84% of trees were wounded, which was supported by local community
interviews and field observations. According to the local communities, the wounds came naturally
or were very old; currently, the local community does not make new wounds but harvests and often
widens the old wounds. They make new wounds but accidentally or just for fun. The crown status was
affected by the wounds on the trunk, as shown in Figure 7. Using analysis of variance (ANOVA) and
the LSD test, the surface area of the wounds (cm?) and its trunk status showed a positive correlation.
This confirmed the fact that when the wounds on the trunk are extended by tapping, the trunk
becomes more damaged. This causes a loss of stability due to the heavy crown and weak trunk and
increases the likelihood that the trees will be blown over in the strong monsoon winds. Additionally,
physiological processes (sap flow) can be affected [30].

4.3. Harvesting Rules

The harvesting rules are generally environmentally friendly and respect the trees. Nevertheless,
the trees are damaged by tapping. According to the local leaders’ responses, when the harvesting
period is open, everyone can harvest but must respect the local rules. These rules are no longer written
or announced in the meetings because they have been inherited with traditional knowledge.

The rules are summarized as follows:

1. Harvesting of dragon’s blood resin should occur only during the period announced by
community leaders.

I

A knife should be used for harvesting.

®

Do not damage the tree except the breaking of 2-3 branches to enable entry into the crown (it is
better to search for another tree rather than break the branches).

Do not use axes or stones for harvesting.

Do not make new wounds.

Do not hit the tree hard.

Do not cut as deep as the white bark.

® NG

Do not collect Edha’a (mixed resin) if you do not know how to do it.
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As shown by Figure 9 and the results of the questionnaire, the local community prefers harvesting
from areas with a low number of trees. The linear model showed an increased percentage of used
wounds with a decrease in the number of trees (R2 = 0.6103; p-value < 0.05), and the results of
the generalized linear mixed model (GLMM) described in Figure 10 showed that the probability of
trees with used wounds increased with increasing DBH (p-value < 0.05). As a result, the local people
accelerate the deaths of mature trees with large diameters and do so for higher numbers of trees in
populations with low density. The crowns of the trees showed a decrease in health with a greater
number of wounds, as shown in Figure 7 by the multiple comparisons using the least significant
difference (LSD) test and ANOVA with a p-value < 0.05. From the observation and interviews with
the local community, the trees in rocky areas had more wounds and produced more dragon blood
tree resin. The tapping intensity increased in the areas that were easy to access, and that had higher
productivity. According to the local community and compared to other areas in the highlands that
do not produce dragon’s blood tree resin, the sun’s heat accelerates the production of dragon’s blood
tree resin. In Firmihin, there is still a high potential for harvesting since 69% of the trees are wounded
but not actively harvested.

Sustained yields are secured by collecting Emselo (pure dragon’s blood) or widening the wounds
and damaging the trunk of the trees to collect Edha’a. Women, children, and reckless harvesters
sometimes break the traditional rules and cause great damage to trees by using stones for harvesting.
The amount of available Emselo is lower than that of Edha’a because the trees naturally produce very
little Fosoos (pure resin), and harvesters carefully remove the pure slices from the wounds with knives.
Edha’a is easily harvested because there is no need for skill to remove the resin without the bark, climb
the tree, or clean the product mixed with the tree bark, so anyone can harvest Edha’a (mixed resin),
including women and children.

Similar rules are followed by tappers of Boswellia papyrifera, who determine the harvesting season
and number and position of tapping points according to the size of the tree [60,61], and by those
who tap Boswellia sacra in Oman (but this traditional management knowledge is limited to the older
generation) [62,63]. Sometimes the management of frankincense trees is shared between government
authorities and local communities [64], and the effect of the tapping regime for frankincense harvesting
can have negative impacts on the trees [61,65,66]. There is also traditional knowledge associated with
the management of gum arabic in Kenya [67] and Sudan [68].

02 03 04 05
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Figure 9. Correlation showing the relationship between the tree density and the percentage of trees
with used wounds from the total wounded trees in 12 plots (p-value = 0.002697).
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Figure 10. Correlation showing the relationship between diameter at breast height (DBH) and
the probability of trees having used wounds (209 trees) out of the total wounded trees (667 trees;
p-value = 1.34 x 107%; field measurements).

4.4. The Economy of Dragon’s Blood

There has been an obvious increase in the price of dragon’s blood tree resin during the last
10 years. The increase in price is associated with a larger demand from tourism activities. Edha’a and
Emselo are sold to wholesalers who offer it to national traders in Aden (on the south coast of Yemen).
According to the wholesaler, he simply acts as a representative of a national trader in Aden and gets
5% of the overall income. The national traders reexport the product to national and international
markets. Collecting dragon’s blood tree resin is the third source of income for the local community
in the study area after pastures and palm cultivation. Despite the current war, the price of dragon’s
blood resin has increased, and the market is still continuing by export, mainly to mainland Yemen.
Nevertheless, the local communities are not reinvesting a part of the income into forest regeneration,
and the harvesting strategy is not in compliance with the principles of sustainable management.

The important NTFPs in international markets include gum luban or olibanum from
Boswellia papyrifirea in Sudan, which generated USD 172,000 in 2007 alone [69] and increased to USD
4.5 million in 2018 [70]. Sometimes the change in the production and price is affected by a change in
policies. Tourism also has positive impacts on other types of resin production, such as the prepackaging
of small incense burners and some incense for tourists in Oman [62]. Wholesalers, especially assemblers,
have an important role in gum and resin value chains [71].

5. Conclusions

The Firimhin forest is still healthy, and the D. cinnabari community still has a good structure.
The harvesting of dragon blood tree resin is still completely managed by the local community.

There are some traditional management rules for harvesting dragon’s blood tree resin,
and the people still respect their local leaders. Harvesting is open for everyone, and there has
been an increase in "guest harvesters" who are not aware of and do not respect the local rules, so these
rules will become less effective, and harvesting will become increasingly difficult to control. The local
management system of dragon’s blood tree resin is not sustainable and requires some revisions.
The main weakness of traditional management is that Edha’a is harvested by damaging the trunk and
widening the wounds and that there are unclear rules and ineffective control of harvesting. The increase
in tourism has had an indirect negative impact by creating a higher demand but could also have
a positive impact by shifting production towards Emselo, which is less harmful to trees and more
preferred by tourists (pure dragon’s blood).

Community-based management plans, laws, and legislation focusing on harvesting Emselo and
prohibiting the harvesting of Edha’a can be one method for sustainable management. International
tools such as fair trading and the carbon market could be additional management alternatives.
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Dragon’s blood tree resin is an important product for the local communities in the study area.
The study shows that this source of income will disappear with the decreasing number of trees and
the lack of natural regeneration. The production of dragon’s blood tree resin is based on old wounds.
However, the demand for resin is increasing, especially in the local market, in relation to the increasing
number of tourists. Beyond the local market, there is also a high potential for developing the national
and international markets. The creation of value-adding products has a high potential for improving
prices. Selling dragon’s blood tree resin in nice packages with informational labels will increase its
value, as already demonstrated by the SWDA, which sells dragon’s blood tree resin as souvenirs
for tourists.

An understanding of forest characteristics and local management of dragon’s blood tree resin is
necessary to enable sustainable natural resource management and wise decision making. Further studies
on dragon’s blood tree harvesting and management, its possible impacts on the forest, assessment of
local management systems, and the collection of data to address the information gap about D. cinnabari
management are required.
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