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Abstract 16 

Protected areas are increasingly established to restore degraded ecosystems, yet evidence of 17 

vegetation recovery during the early post-gazettement period remains limited, particularly in 18 

African miombo woodlands. This study assessed the floristic composition and vegetation 19 

structure of Ugalla River National Park (URNP), western Tanzania, five years after its 20 

establishment through the amalgamation of the former North Ugalla Forest Reserve (NUFR) 21 

and the former Ugalla River Game Reserve (URGR). Vegetation data were collected from 60 22 

Modified Whittaker plots established along six 30-km transects distributed across the two 23 

former management units. Woody plant diversity, species richness, evenness, relative 24 

abundance, regeneration status, and diameter at breast height (DBH) distributions were 25 

quantified and compared between the former URGR and NUFR.   26 

The former NUFR supported greater woody species diversity, richness, and evenness than the 27 

former URGR, indicating a more diverse and compositionally balanced plant community. 28 

Species dominance differed markedly between the two, with Brachystegia spiciformis 29 

dominating the former NUFR and Terminalia sericea dominating the former URGR. Most 30 

woody species exhibited fair regeneration, although the former NUFR contained more species 31 

across all regeneration categories than the former URGR. Diameter-class distributions in both 32 

areas displayed an inverse J-shaped pattern, indicating continuous recruitment and ongoing 33 

natural regeneration.  34 

These findings demonstrate early vegetation recovery in URNP following gazettement, while 35 

differences in floristic composition and vegetation structure continue to reflect historical 36 

management regimes and inherent habitat characteristics. The study provides baseline 37 

ecological information for monitoring long-term vegetation recovery and supports adaptive 38 

management of recovering miombo woodland ecosystems in Tanzania. 39 

Keywords: ecological recovery; floristic composition; regeneration; vegetation structure; post-40 

gazettement. 41 
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1.0. | Introduction 42 

Protected areas remain the cornerstone of global biodiversity conservation. They safeguard 43 

ecological processes, species diversity, and ecosystem services in landscapes increasingly 44 

affected by human activities (Li et al., 2024; Wang et al., 2024). Across sub-Saharan Africa, 45 

governments have increasingly upgraded multi-use reserves to strictly protected national parks 46 

to halt habitat degradation, restore ecological integrity, and reverse wildlife declines. Similar 47 

initiatives have been implemented in Ethiopia and other East African countries to enhance 48 

biodiversity conservation and sustainable natural resource management (Siraj et al., 2017). 49 

Despite the growing adoption of this conservation approach, the ecological outcomes of 50 

upgrading protected areas, particularly during the critical early post-gazettement phase, remain 51 

insufficiently documented (Geldmann et al., 2019). The effectiveness of these interventions 52 

ultimately depends not only on legal protection but also on the capacity of ecosystems to 53 

recover following the removal of chronic anthropogenic disturbances (Pulido-Chadid et al., 54 

2023). 55 

Ecological recovery can occur through either active or passive restoration. Passive restoration, 56 

which relies on natural regeneration following the cessation of disturbance, is increasingly 57 

recognized as a cost-effective and ecologically viable strategy for restoring large landscapes 58 

where intensive management interventions are impractical (Chazdon & Guariguata, 2016; 59 

Crouzeilles et al., 2017). In woodland ecosystems, recovery is commonly assessed through 60 

changes in floristic composition and vegetation structure. Floristic composition encompasses 61 

the identity, richness, diversity, and relative abundance of plant species within a community, 62 

reflecting how species are represented taxonomically and quantitatively. Vegetation structure, 63 

in contrast, describes the physical organization of plant communities, including tree density, 64 

size-class distribution, canopy cover, basal area, and vertical stratification (Kent, 2012; Mligo, 65 

2018). Together, these complementary attributes provide key indicators of ecosystem 66 

condition, successional dynamics, habitat quality, and ecological resilience, thereby offering a 67 

robust basis for evaluating restoration outcomes and long-term ecosystem recovery. 68 

The importance of understanding floristic composition and vegetation structure extends beyond 69 

vegetation ecology, as these factors strongly influence wildlife distribution and habitat 70 

suitability. Floristic composition determines the availability of forage resources, while 71 

vegetation structure regulates microclimatic conditions, shelter, opportunities for predator 72 

avoidance, and access to food and water resources (Ruiz-Jaen & Aide, 2005). Consequently, 73 

changes in plant communities during ecological recovery can directly affect the spatial 74 

distribution and habitat use of large mammals. Assessing vegetation composition and structure 75 

is therefore essential for understanding ecosystem recovery processes and for guiding 76 

evidence-based conservation management (Siraj et al., 2017). 77 

In 2019, the Government of Tanzania established Ugalla River National Park (URNP) by 78 

amalgamating the former Ugalla River Game Reserve (URGR) and North Ugalla Forest 79 

Reserve (NUFR) into a single protected area covering approximately 3,865 km² (URT, 2019; 80 

Fig 1). Prior to gazettement, the landscape experienced prolonged anthropogenic pressures, 81 
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including settlement expansion, cultivation, livestock grazing, selective logging, commercial 82 

beekeeping, and poaching (Hausser et al., 2009; Ismail, 2025). These activities altered 83 

vegetation composition, simplified habitat structure, degraded riverine ecosystems, and 84 

contributed to substantial declines in large-mammal populations (IIDA et al., 2012; TAWIRI, 85 

2015). The establishment of the national park created an opportunity for passive ecological 86 

restoration through reduced human disturbance and the natural regeneration of vegetation 87 

communities. 88 

Despite increasing efforts to strengthen protected area networks in East Africa, significant 89 

knowledge gaps remain regarding vegetation recovery following park gazettement. In the 90 

Ugalla region, historical botanical records have been sparse and have primarily taken the form 91 

of preliminary checklists aimed at understanding the habitat requirements of specific flagship 92 

species, such as chimpanzees (Pan troglodytes) (Moore, 1994). However, these early 93 

assessments were limited in spatial scale and lacked the structural detail necessary to track 94 

long-term successional trajectories. Consequently, little is known about how plant 95 

communities in recovering miombo ecosystems re-establish species composition and structural 96 

complexity after the cessation of chronic human disturbances, or how these changes influence 97 

broader large-mammal habitat use during the early stages of restoration. Information on species 98 

composition, vegetation structure, and distribution patterns along environmental gradients is 99 

fundamental for assessing ecosystem recovery trajectories and developing adaptive 100 

management strategies for newly established protected areas (Siraj et al., 2017). 101 

This study assessed the floristic composition and vegetation structure in URNP during the early 102 

post-gazettement period and examined their ecological implications for the availability of 103 

large-mammal habitat. Specifically, the study aimed to: (i) document the floristic composition 104 

of URNP, particularly plant species richness, diversity, evenness, and abundance, and compare 105 

these metrics between the former NUFR and the former URGR. (ii) Evaluate the vegetation 106 

structure of URNP, particularly examining woody plant species DBH and regeneration 107 

potentials. By linking vegetation recovery patterns with habitat characteristics relevant to 108 

wildlife habitat use, this study provides ecological evidence to guide restoration priorities, 109 

adaptive management, and biodiversity conservation in recovering miombo protected areas in 110 

sub-Saharan Africa. 111 

2.0. | Materials and Methods 112 

2.1. | Study Area 113 

This study was conducted in URNP, western Tanzania (05°00′–06°00′ S, 31°00′–32°00′ E; Fig. 114 

1). Located approximately 100 km west of Tabora Municipality. The park is bordered by 115 

village lands to the north and east. The terrain is predominantly flat to gently undulating and is 116 

traversed by the perennial Ugalla and Walla rivers (Ngure, 2012). Managed by the Tanzania 117 

National Parks Authority, URNP forms part of the Ugalla–Moyowosi–Malagarasi Ramsar 118 

landscape (Kalumanga et al., 2016), highlighting its ecological importance within western 119 

Tanzania’s savanna–wetland mosaic. The park also lies within the broader miombo woodland 120 

ecosystem and maintains ecological connectivity with the Katavi–Rukwa landscape through 121 
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contiguous woodlands, wetlands, and wildlife dispersal areas (Mulder et al., 2007; Ribeiro et 122 

al., 2020). Together, these interconnected conservation areas constitute one of Tanzania’s 123 

largest remaining protected landscapes, supporting wildlife movement, ecological processes, 124 

and the persistence of biodiversity across western Tanzania (Giliba et al., 2022; Wilfred, 2018). 125 

 126 

Fig 1.  Map of Ugalla River National Park showing the location of the former NUFR relative 127 

to the former URGR.  128 

The park experiences a tropical savanna climate characterized by a distinct wet season and a 129 

prolonged dry season. Annual rainfall ranges from approximately 800 to 1,200 mm, with 130 

marked interannual variability that strongly influences ecosystem productivity and vegetation 131 

dynamics (Archibald et al., 2013; Lehmann et al., 2011; Venter et al., 2018). Together with the 132 

nutrient-poor Orthic Ferralsols that dominate the Ugalla ecosystem (Sanchez et al., 2003), these 133 

climatic conditions shape vegetation structure, fire regimes, and ecological recovery processes. 134 

Vegetation in URNP is dominated by miombo woodland, which covers nearly 80% of the park 135 

and represents the principal vegetation formation (Fig. 2). Riverine forests occur along 136 

permanent watercourses. At the same time, wooded grasslands and seasonally inundated 137 

mbuga grasslands occupy low-lying areas. The distribution and structure of these vegetation 138 

communities are regulated by interactions among rainfall variability, hydrological conditions, 139 

fire, and herbivory (Frost, 1996; Ribeiro et al., 2020). 140 
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 141 

                Fig 2. The vegetation type of Ugalla River National Park 142 

The perennial Ugalla and Wala rivers constitute the principal hydrological features of URNP, 143 

sustaining an extensive network of floodplains, wetlands, and riparian habitats across the 144 

landscape. These hydrologically buffered environments maintain water availability and 145 

primary productivity throughout the prolonged dry season, creating localized areas of high 146 

habitat quality within the predominantly miombo-dominated ecosystem. Consequently, 147 

riverine and wetland habitats support greater structural complexity of vegetation and plant 148 

diversity than surrounding upland areas, while providing critical forage, water, and thermal 149 

refugia for wildlife (Ribeiro et al., 2020; Ryan et al., 2011). By sustaining key ecological 150 

processes during periods of climatic stress, the Ugalla–Wala River system enhances ecosystem 151 

resilience and serves as an important focal area for vegetation recovery, wildlife persistence, 152 

and recolonization in landscapes undergoing post-disturbance succession. 153 

2.2. | Data Collection 154 

A purposive sampling technique was used to select six existing management roads as transects 155 

to assess vegetation structure and floristic composition. Moreover, a comparative study design 156 

was adopted to collect data from a former NUFR and a URGR. These data were collected from 157 

August 21–24, 2024, along these fixed 30-km transects (Fig. 3). The transects were 158 

strategically located across the former URGR and the NUFR to capture variability in historical 159 

disturbance regimes. 160 
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 161 

 Fig 3.  Map of Ugalla River National Park showing the location of the study transects.  162 

 163 

Data were collected using the Modified Whittaker Plot Method (Stohlgren et al., 1995), as was 164 

applied in similar studies, particularly by Kikoti et al (2022). A total of 60 sampling plots, each 165 

20 × 20m, were established at 10-km intervals along the transects. Within each plot, all tree 166 

species with DBH ≥ 10 cm were identified and measured, while shrubs and saplings were 167 

assessed in nested 5 × 5 m subplots located at the plot center. Herbaceous species were sampled 168 

in a nested 1 × 1 m quadrat. For each plot, species composition, abundance, stem density, basal 169 

area, and canopy cover were recorded. In addition, environmental and anthropogenic variables, 170 

including topography, indicators of human disturbance, and GPS coordinates, were 171 

documented to support analyses of vegetation patterns and recovery dynamics. 172 

2.3. | Data Analysis 173 

Plant data were quantitatively analyzed for species richness, stem density, basal area, and 174 

relative abundance. Species composition was summarized at the species level. Diversity was 175 

quantified using the Shannon–Wiener and Simpson indices to indicate compositional 176 

heterogeneity and recovery status. Species dominance was evaluated using relative abundance. 177 

Vegetation structure was assessed using basal area and DBH class distributions to infer 178 

regeneration and successional trajectories. To compare the estimated diversity, richness, 179 

evenness, and Sampson densities, we used an independent-samples t-test. All statistical 180 

analyses were conducted in R version 4.4.3.  181 
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3.0.  | Results 182 

3.1. |Floristic composition in URNP post gazettement 183 

3.1.1. | Shannon diversity, richness, and evenness 184 

 185 

Our study revealed clear differences in plant diversity between the former NUFR and the 186 

former URGR (Fig 4). Diversity indices were consistently higher in the former NUFR, 187 

indicating a richer and more evenly distributed plant community. Statistical analysis confirmed 188 

these patterns, with Shannon diversity (Welch's t = 3.78, df = 23.6, p < 0.001, d = 1.47), species 189 

richness (Welch's t = 2.89, df = 18.7, p = 0.009, d = 1.15), evenness (Welch's t = 3.78, p < 190 

0.001, d = 1.47), and Simpson diversity (Welch's t = 3.40, p = 0.003, d = 1.35) all significantly 191 

higher in the former NUFR. (Welch's t = 3.78, df = 23.6, p < 0.001, d = 1.47). Species richness 192 

also differed significantly between the former management regimes (Welch's t = 2.89, df = 193 

18.7, p = 0.009, d = 1.15), with the former NUFR supporting a greater number of species. 194 

Similarly, evenness and Simpson diversity were significantly greater in the former NUFR 195 

(Evenness: t = 3.78, p < 0.001, d = 1.47; Simpson: t = 3.40, p = 0.003, d = 1.35), indicating a 196 

more equitable distribution of individuals among species. 197 

 198 

 199 

 200 

 201 

Fig 4. Comparison of species richness between the former NUFR and the former URGR. 202 
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 206 

 207 

Fig 5. Comparison of species evenness and Shannon diversity between the former NUFR and 208 

the former URGR. 209 

 210 

3.1.2. | Species dominance in URNP post-gazettement 211 

 212 

Species abundance patterns differed markedly between the former NUFR and URGR (Table 213 

1). In the former NUFR, abundance was distributed among several dominant miombo species, 214 

with Brachystegia spiciformis contributing 14.3% of all individuals recorded. In contrast, the 215 

former URGR was strongly dominated by Terminalia sericea, which accounted for one-third 216 

(33.3%) of all recorded individuals. 217 

 218 

Table 1. Comparative species abundance between the former NUFR and the former URGR 219 

 220 

Former NUFR  Former URGR 

SN Plant species Abundance RA (%)   Plant species Abundance 

RA 

(%) 

1 Brachystega spiciformis 50 14.3   Terminalia sericea 330 33.30 

2 

Pseudolachnostylis 

maprouneifolia 25 7.2  

Combretum 

adenogonium 80 8.07 

3 Brachystegia boehmii 24 6.9  Borassus aethiopum 70 7.06 

4 Syzygium guineense 23 6.6  Crossopteryx febrifuga 70 7.06 

5 Pterocarpus angolensis 22 6.3  Antidesma venosum 40 4.04 

6 Diplorynchus condylocarpon 21 6.0  Pericopsis angolensis 40 4.04 

7 Burkea africana 20 5.7  Terminalia mollis 40 4.04 

8 Terminalia sericea 16 4.6  Searsia natalensis 35 3.53 

9 Annona senegalensis 12 3.4  Diospyros abyssinica 30 3.03 

10 Crossopteryx febrifuga 9 2.6  Kigelia africana 30 3.03 

11 Hymenocardia acida 9 2.6  Vacheia seyal 30 3.03 

12 Combretum zeyheri 7 2.0  Ochna macrocalyx 25 2.52 

13 Julbernardia globiflora 7 2.0  Senna singuaena 25 2.52 
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14 Margaritaria discoides 7 2.0  Albizia petersana 15 1.51 

15 Monotes africanus 7 2.0   Combretum molle 15 1.51 

 RA = Relative abundance (%)      
 221 

3.2. | Vegetation structure in URNP post gazettement 222 

 223 

3.2.1. | Regeneration patterns in URNP post-gazettement 224 

The current study found that the regeneration status of woody species was characterized 225 

by three patterns: (1) good, (2) fair, and 3 (poor). The fair regeneration was predominantly 226 

in both the former NUFR and former URGR (Figure 6). Nevertheless, the former NUFR 227 

supported a higher number of species across all regeneration categories, whereas the 228 

former URGR contained fewer species overall. 229 

 230 

 231 

 232 

Fig 6. Regeneration status of woody plant species in the former NUFR and former URGR, 233 

classified as good, fair, poor, or no regeneration based on population structure. 234 

 235 

3.2.1.1. | Good regeneration category  236 

Following the overall regeneration assessment, the current study selected representative woody 237 

species exhibiting good regeneration to illustrate their population structures (Figure 7). The 238 

representative species maintained individuals across all growth stages, although the abundance 239 

of each size class varied among species. Among these, Brachystegia spiciformis exhibited the 240 

most pronounced regeneration pattern, recording the highest seedling density and a well-241 

represented population across successive growth stages. 242 
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 243 

Fig 7. Population structure of representative woody species exhibiting good regeneration in the 244 

former North Ugalla Forest Reserve (NUFR) and former Ugalla Game Reserve (UGR). 245 

 246 

3.2.1.2. | Fair regeneration category 247 

Compared with the previous category, these species displayed less balanced population 248 

structures, with many exhibiting sparse or absent seedling stages and greater representation of 249 

saplings or mature trees. Terminalia sericea (URGR) showed the highest density of mature 250 

trees among the representative species (Figure 8) 251 

 252 

 253 

 254 
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Fig 8. Population structure of representative woody species exhibiting fair regeneration in the 255 

former North Ugalla Forest Reserve (NUFR) and former Ugalla Game Reserve (UGR).  256 

 257 

3.2.1.3. | Poor regeneration category 258 

Unlike species with good and fair regeneration, these species were overwhelmingly dominated 259 

by mature trees, with seedlings, saplings, and poles being largely absent. This pattern was 260 

consistently observed in both the former NUFR and UGR, indicating limited or no recruitment 261 

into younger growth stages. Only a few representative species, such as Crossopteryx febrifuga 262 

in the former URGR, retained a small number of pole-sized individuals, while the remaining 263 

species were represented almost exclusively by mature trees 264 

 265 

 266 

Fig 9. Population structure of representative woody species exhibiting poor regeneration in the 267 

former NUFR and former URGR. 268 

 269 

3.2.2. DBH distributions in URNP post-gazettement 270 

DBH distributions in both former NUFR and URGR were characterized by a predominance of 271 

individuals in smaller diameter classes. In the former NUFR, stem density was highest in the 272 

5–9 cm class (298 stems ha⁻¹), followed by the 15–19 cm (118 stems ha⁻¹) and 10–14 cm (106 273 

stems ha⁻¹) classes. Similarly, the former URGR showed the greatest density in the 5–9 cm 274 

class (125 stems ha⁻¹). Stem density declined progressively with increasing DBH classes in 275 

both areas, forming an inverse J-shaped distribution indicative of ongoing recruitment and 276 

regeneration. 277 

 278 
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 279 

Fig 10. Diameter at breast height (DBH) class distribution of woody stems in the former 280 

NUFR and former URGR. 281 

4.0. | Discussion  282 

4.1. | Floristic Composition in URNP post-gazettement 283 

4.1.1. | Shannon diversity, species richness, and evenness in URNP post-gazettement 284 

Our assessment of floristic composition revealed marked differences between the two former 285 

protected areas, with the former NUFR supporting higher woody species richness, Shannon 286 

diversity, and evenness than the former URGR. These differences in floristic composition are 287 

important for evaluating vegetation recovery following gazettement, as species richness and 288 

diversity are widely used indicators of ecological recovery after disturbance reduction 289 

(Chazdon et al., 2007; Derroire et al., 2016). In miombo ecosystems, however, floristic 290 

composition is also strongly influenced by environmental conditions, fire regimes, and 291 

historical land use (Frost, 1996; Ribeiro et al., 2015). Therefore, we interpret these differences 292 

in the context of both disturbance history and inherent habitat characteristics, rather than solely 293 

as evidence of differential recovery success. 294 

The significantly higher woody species richness, Shannon diversity, and evenness observed in 295 

the former NUFR suggest that this habitat supports a more structurally complex and 296 

compositionally balanced woody plant community than the former URGR. Diversity and 297 

evenness are widely regarded as indicators of ecosystem recovery because they reflect the re-298 

establishment of multiple species and a more equitable distribution of individuals following 299 

reductions in anthropogenic disturbance (Chazdon et al., 2007; Derroire et al., 2016; Kikoti et 300 

al.,2022). Although the former NUFR and URGR experienced historical human disturbance 301 

prior to gazettement, the present diversity patterns suggest that legal protection has curtailed 302 

activities such as tree harvesting and other forms of habitat degradation, thereby allowing 303 

natural successional processes and vegetation recovery to proceed. These findings should, 304 

however, be interpreted alongside the habitat's intrinsic ecological characteristics.  305 

The former NUFR is dominated by miombo woodland, one of Africa's most floristically 306 

diverse woodland ecosystems (Frost, 1996; Ribeiro et al., 2015). The structural heterogeneity 307 

of miombo woodlands, shaped by variation in canopy cover, soils, topography, and natural 308 

disturbance regimes, provides diverse ecological niches that support a rich assemblage of 309 

298

106 118

44

96

35 23
6

125

56 44
21 27 29

8 13

0

50

100

150

200

250

300

350

5.- 9 10. - 14 15  - 19 20 - 24 25 - 29 30 - 34 35 - 39 40  <

S
te

m
s 

/ 
H

a

DBH Class distribution (Cm)

Former FR



 

13 

 

woody plant species. In contrast, the former URGR comprises wooded grassland and 310 

floodplain habitats, where woody species diversity is naturally lower because tree recruitment 311 

is constrained by the combined effects of grasses, recurrent fire, and resource availability. High 312 

grass biomass promotes frequent fires that suppress the establishment of many woody species, 313 

thereby maintaining an open vegetation structure (Sankaran et al., 2005). Consequently, the 314 

lower diversity observed in the former URGR is consistent with its inherent ecological 315 

characteristics and does not necessarily indicate ecological degradation. 316 

The diversity values recorded in the former NUFR are comparable with those reported from 317 

other miombo woodlands in eastern and southern Africa. For example, Shannon diversity 318 

indices ranging from approximately 2.8 to 3.4 have been reported in relatively intact or well-319 

managed miombo ecosystems in Tanzania and Zambia, although diversity varies considerably 320 

with environmental conditions, management regime, and disturbance history (Giliba et al., 321 

2011; Kalaba et al., 2013; Jew et al., 2016). The similarity of the diversity values observed in 322 

the former NUFR to those reported from other miombo woodlands suggests that the woody 323 

community retains the characteristic floristic composition of this ecosystem despite historical 324 

anthropogenic disturbance. From a conservation perspective, these findings are consistent with 325 

the expectation that gazettement, through reducing chronic anthropogenic disturbances such as 326 

tree harvesting and habitat degradation, has contributed to the maintenance of woody plant 327 

diversity. This interpretation is further supported by ecological restoration theory, which 328 

recognizes that the cessation of persistent human disturbance under protected-area 329 

management facilitates the maintenance and recovery of species diversity and community 330 

structure through natural successional processes (Chazdon et al., 2007; Derroire et al., 2016) 331 

4.1.2. | Species dominance in URNP post-gazettement 332 

The relative abundance patterns differed markedly between the two sites, reflecting both 333 

habitat-specific ecological conditions and the legacy of management prior to gazettement. In 334 

the former NUFR, no single species overwhelmingly dominated the community. Instead, 335 

abundance was distributed among several characteristic miombo woodland species, with 336 

Brachystegia spiciformis contributing 14.3% of all recorded individuals, followed by 337 

Pseudolachnostylis maprouneifolia, Brachystegia boehmii, and Syzygium guineense. This 338 

distribution of abundance among several characteristic canopy and sub-canopy species is 339 

consistent with the composition of relatively intact miombo woodlands, where Brachystegia 340 

and associated woody taxa commonly dominate community structure, without a single species 341 

monopolizing the woody assemblage (Frost, 1996; Chidumayo, 2013; Ribeiro et al., 2015). 342 

Although the former NUFR experienced anthropogenic disturbance prior to gazettement, the 343 

establishment of URNP likely reduced pressures such as tree harvesting and resource 344 

extraction, creating conditions favorable for the persistence and natural regeneration of 345 

characteristic miombo species. Consequently, the dominance of Brachystegia species is 346 

consistent with the maintenance or recovery of typical miombo woodland composition under 347 

protected-area management, although the present study does not directly assess temporal 348 

changes in vegetation (Chazdon et al., 2007; Derroire et al., 2016). 349 

In contrast, the former URGR exhibited a markedly different abundance pattern, with 350 

Terminalia sericea accounting form one-third (33.3%) of all woody individuals recorded. This 351 

strong dominance is consistent with the ecological conditions characteristic of open wooded 352 

grassland and floodplain habitats, where vegetation structure is shaped by seasonal flooding, 353 

abundant grass biomass, and recurrent fire (Frost, 1996; Sankaran et al., 2005). These 354 
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environmental conditions favour disturbance-tolerant woody species capable of surviving 355 

repeated top-kill and regenerating through coppicing and basal resprouting, traits characteristic 356 

of Terminalia sericea (Louppe et al., 2008). Seasonal grass biomass provides continuous fine 357 

fuel that promotes recurrent fires, maintaining open vegetation and limiting the establishment 358 

of less fire-tolerant woody species (Bond & Keeley, 2005; Higgins et al., 2000). Consequently, 359 

despite the reduction in anthropogenic disturbance following gazettement, natural ecological 360 

processes are likely to continue favouring the numerical dominance of T. sericea within this 361 

habitat. 362 

The contrasting abundance patterns therefore suggest that, while gazettement has likely 363 

reduced chronic anthropogenic disturbance, species composition and dominance remain 364 

strongly influenced by the inherent ecological characteristics of each area. The more equitable 365 

distribution of individuals among several characteristic woody species in the former NUFR is 366 

consistent with the composition of relatively intact miombo woodland (Frost, 1996; 367 

Chidumayo, 2013; Ribeiro et al., 2015). In contrast, the dominance of T. sericea in the former 368 

URGR reflects the persistence of a naturally open, fire-maintained woody community typical 369 

of wooded grassland ecosystems rather than evidence of ecological degradation (Sankaran et 370 

al., 2005; Bond & Keeley, 2005). 371 

It is noteworthy that Pterocarpus angolensis, one of the most economically valuable and 372 

ecologically important tree species in miombo woodlands, was not among the dominant species 373 

in this study. P. angolensis is highly prized for its high-quality timber, which has made it a 374 

target for selective logging across miombo regions (Chidumayo, 1997). 375 

The absence of P. angolensis from the most dominant species list may indicate several 376 

possibilities. First, historical selective logging may have significantly reduced this species' 377 

populations within URNP prior to gazettement, such that it now occurs at low densities and 378 

does not contribute substantially to relative density or dominance metrics. Second, coupling 379 

the first reason with the species' rarity even in undisturbed miombo woodlands, where it 380 

typically occurs as a scattered canopy tree rather than forming monodominant stands 381 

(Mojeremane & Lumbile, 2016), may have further exacerbated this. 382 

Nevertheless, the low representation of P. angolensis raises conservation concerns. As a 383 

valuable timber species, it may require active management interventions following gazettement 384 

to ensure its persistence. Fire exclusion or prescribed burning regimes that promote 385 

germination, as well as protection against illegal harvesting, may be necessary for populations 386 

to recover (Mojeremane & Lumbile, 2016; Mehl et al., 2010). 387 

 388 

4.1.3. | Regeneration patterns in URNP post-gazettement 389 

Woody species regeneration provides one of the most reliable indicators of vegetation 390 

persistence and resilience because it reflects the capacity of plant populations to replace mature 391 

individuals and maintain community structure over time (Shankar, 2001; Dhaulkhandi et al., 392 

2008; Khumbongmayum et al., 2006). The predominance of species exhibiting fair 393 

regeneration in both the former NUFR and URGR suggests that natural regeneration is 394 

occurring across much of the park, although recruitment success varies considerably among 395 

species. Such variation is expected because regeneration is influenced by species-specific life-396 

history traits, disturbance regimes, and local environmental conditions, including fire, 397 

herbivory, soil characteristics, and moisture availability (Chidumayo, 2013; Frost, 1996). The 398 
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greater number of species recorded in each regeneration category in the former NUFR further 399 

supports the conclusion that vegetation recovery is more advanced in this section of the park. 400 

Species classified as exhibiting good regeneration displayed individuals across all 401 

developmental stages, indicating continuous recruitment and successful progression from 402 

seedlings to mature trees. Population structures characterized by abundant seedlings, saplings, 403 

and adults are widely interpreted as evidence of stable or self-sustaining populations capable 404 

of maintaining themselves under prevailing environmental conditions (Shankar, 2001; 405 

Khumbongmayum et al., 2006). Among the representative species, Brachystegia spiciformis 406 

showed particularly strong regeneration, with abundant seedlings and individuals represented 407 

throughout successive growth stages. As one of the principal canopy-forming species of 408 

miombo woodlands, successful regeneration of B. spiciformis is ecologically significant 409 

because it underpins woodland persistence, canopy development, and the maintenance of 410 

ecosystem structure and function (Frost, 1996; Chidumayo, 2013; Ribeiro et al., 2015)  411 

In contrast, species exhibiting fair regeneration showed less balanced population structures, 412 

with recruitment concentrated in saplings or mature trees and comparatively few seedlings. 413 

Such patterns may indicate episodic recruitment, where successful establishment occurs only 414 

during favorable climatic conditions or following temporary reductions in disturbance 415 

(Shankar, 2001; Khumbongmayum et al., 2006). Recruitment in tropical woodlands is strongly 416 

influenced by rainfall variability, fire frequency, herbivory, and competition for resources, all 417 

of which can limit seedling survival even when mature seed-producing individuals remain 418 

abundant (Frost, 1996; Chidumayo, 2013; Sankaran et al., 2005). Consequently, these species 419 

may require longer recovery periods before stable population structures are fully re-established. 420 

Species classified as exhibiting poor regeneration were largely represented by mature trees with 421 

little or no recruitment into younger size classes. Populations dominated by aging individuals 422 

are generally considered vulnerable because they depend on mature trees without adequate 423 

replacement by younger cohorts (Khumbongmayum et al., 2006; Dhaulkhandi et al., 2008). 424 

Similar regeneration limitations have been documented in disturbed African woodlands, where 425 

repeated fire, grazing, seed limitation, and altered microsite conditions constrain seedling 426 

establishment despite the continued persistence of adult trees (Frost, 1996; Chidumayo, 2013). 427 

If recruitment remains limited, these species may gradually decline despite the park's current 428 

protection status, highlighting the importance of long-term monitoring to evaluate future 429 

population trajectories.  430 

4.1.4. | Diameter-class distributions post-gazettement 431 

Despite variation among species, the overall DBH distribution of woody vegetation exhibited 432 

a clear inverse J‑shaped pattern at both sites, characterized by high densities of small-diameter 433 

stems and progressively fewer large trees. Such inverse J‑shaped diameter distributions are 434 

widely regarded as indicative of continuous recruitment and self‑sustaining woodland 435 

populations because they reflect the ongoing replacement of mature trees by younger cohorts 436 

(Meyer, 1952; Oliver & Larson, 1996). The more pronounced representation of smaller 437 

diameter classes in the former NUFR is consistent with its higher species diversity and stronger 438 

regeneration patterns, suggesting more favorable conditions for woody recruitment under 439 

current management. This pattern aligns with expectations for protected woodlands where 440 

reductions in chronic anthropogenic disturbance promote the establishment and survival of 441 

younger individuals (Frost, 1996; Chidumayo, 2013), although inherent habitat characteristics 442 
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such as soil properties, moisture availability, and historical land‑use legacies also contribute to 443 

differential recruitment success (Dupouey et al., 2002; Kraft et al., 2015). 444 

Interestingly, the community‑level inverse J‑shaped distribution contrasts with the poor 445 

regeneration observed for several individual species. This apparent discrepancy indicates that, 446 

while woodland regeneration is occurring at the community level, recovery is not uniform 447 

across all taxa. Successful recruitment of dominant or disturbance‑tolerant species may 448 

maintain an apparently stable stand structure and overall diversity even when other species 449 

remain recruitment‑limited (van Gemerden et al., 2003; Chidumayo, 2013). Such demographic 450 

asynchrony is a well‑documented feature of tropical forest dynamics, in which canopy gaps, 451 

seed-dispersal limitations, and differential shade tolerance create contrasting regeneration 452 

niches (Hubbell et al., 1999). These contrasting patterns highlight the importance of integrating 453 

community‑level structural assessments with species‑specific regeneration analyses when 454 

evaluating ecosystem recovery and long‑term vegetation persistence. 455 

5. | Conclusion 456 

This study provides one of the first assessments of floristic composition and vegetation 457 

structure in Ugalla River National Park during the early post-gazettement period. The findings 458 

indicate that passive ecological recovery is underway, as evidenced by relatively high woody 459 

plant diversity, widespread natural regeneration, and inverse J-shaped diameter-class 460 

distributions characteristic of regenerating woodlands. However, recovery was not uniform 461 

across the park. The former North Ugalla Forest Reserve supported greater species diversity, 462 

richer woody plant communities, and stronger regeneration than the former Ugalla River Game 463 

Reserve, reflecting differences in historical management and inherent habitat characteristics. 464 

Species composition also differed markedly between the two areas, with characteristic miombo 465 

woodland species dominating the former NUFR and disturbance-tolerant species 466 

characterizing the former URGR. 467 

Although the overall vegetation structure suggests a positive recovery trajectory, the poor 468 

regeneration of several woody species, particularly those of high ecological and conservation 469 

value, indicates that some populations may remain vulnerable despite improved protection. 470 

Continued ecological monitoring is therefore necessary to determine whether these species 471 

recover naturally or require targeted management interventions. Overall, this study establishes 472 

an important ecological baseline for assessing long-term vegetation dynamics and provides 473 

evidence to support adaptive management and conservation planning in Ugalla River National 474 

Park and other recovering miombo woodland protected areas in sub-Saharan Africa 475 
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