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Despite many areas of progress in recent years, desert locust surveillance and control is impaired by many obstacles, the most intractable of which is insecurity. Insecurity involves rebellions, insurgencies, civil and international war, banditry, terrorism, and minefields. Obstruction of desert locust operations in breeding areas by ongoing armed conflict and landmines constitutes "direct" insecurity. "Indirect" insecurity, although less obvious, is arguably more broadly deleterious by debilitating government function and diverting funds, personnel, and equipment from desert locust management. Indirect "active" insecurity is armed conflict and civil unrest that is occurring at the same time as a desert locust episode, but not in the breeding areas. Indirect "inactive" insecurity refers to the after-effects of insecurity, including weak funding because of prior inattention to capacity maintenance during times of direct and indirect active insecurity, disabled or militarily-appropriated vehicles and other resources, destruction of infrastructure, and deployment of mines. We provide examples of direct and indirect insecurity across 35 years, from 1986 through May 2020, in 13 African and Asian countries (Chad, Eritrea, Ethiopia, India, Mali, Mauritania, Niger, Pakistan, Saudi Arabia, Somalia, Sudan, Western Sahara, and Yemen) with desert locust breeding areas to illustrate the complexity, pervasiveness, and chronic occurrence of insecurity. The upsurge of 2020 is used to show how direct insecurity still contributes to the genesis and expansion of desert locust episodes. Possible mitigation of direct insecurity effects on some desert locust operations is discussed.

Introduction

The desert locust, Schistocerca gregaria (Forskål) (Orthoptera: Acrididae), is arguably the oldest and most agriculturally threatening migratory pest globally [START_REF] Lecoq | Encyclopedia of Pest Orthoptera of the World[END_REF]. Since 1989, following a desert locust plague, control has evolved toward proactive intervention [START_REF] Babah | Strategy for controlling the desert locust in Mauritania[END_REF][START_REF] Showler | Proaction: Strategic framework for today's reality[END_REF] during outbreaks to avert the development of upsurges and plagues with notable success [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF]. Further, control is evolving past proactive control toward outbreak prevention with the aim of holding desert locust populations in their nongregarious recession stage for indefinite periods of time [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF]. Despite notable successes and advances in the science of desert locust management and available technologies [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF], major constraints remain, including insufficient funding, political issues, unpreparedness, impediments to research, and rugged and remote terrain with weak infrastructure [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF]. Another key constraint, insecurity, involves rebellions, banditry, civil and international war, terrorism, and minefields (Figure 1) [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Large areas in the desert locust distribution [START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Steedman | Locust Handbook[END_REF] cannot be surveyed for desert locust activity due to chronic insecurity, which constitutes a serious risk for proactive and preventative strategies [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF] Cossé | Rapport de l'Evaluation à mi-Parcours du Programme EMPRES Composante Criquet Pèlerin en Région Occidentale; Food and Agriculture Organization of the United Nations[END_REF]. Insecurity has been a major challenge to surveillance and control by blocking access [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF] to desert locust breeding areas in Africa and Asia [START_REF] Steedman | Locust Handbook[END_REF] (Figure 2). Desert locust control is unique in that it is conducted across vast expanses and it requires coordination within and between afflicted countries. Surveillance should chiefly focus on the main breeding, or "outbreak areas" [START_REF] Lecoq | Vers une solution durable au problème du criquet pèlerin? Science Chang[END_REF][START_REF] Sword | Phase polymorphism and preventative locust management[END_REF]. Major desert expanses and it requires coordination within and between afflicted countries. Surveillance should chiefly focus on the main breeding, or "outbreak areas" [START_REF] Lecoq | Vers une solution durable au problème du criquet pèlerin? Science Chang[END_REF][START_REF] Sword | Phase polymorphism and preventative locust management[END_REF]. Major desert locust breeding areas are mainly located around massifs across the Sahara Desert and Mauritania, the Red Sea plains on the east and west coasts, parts of the southern Arabian Peninsula, and the India-Pakistan border [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Steedman | Locust Handbook[END_REF], all of which are frequently beset with insecurity [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Occurrences and effects of insecurity are described herein from 1986 through May 2020 [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF]. Desert locusts can invade and reproduce in countries beyond those harboring key breeding areas [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Steedman | Locust Handbook[END_REF]], but we selected examples that have major breeding areas for illustrative purposes. Figure 2. Proximity and overlap of major desert locust breeding areas with areas advised against and formally advised against by the French Ministry of Europe and Foreign Affairs for safety concerns [START_REF]France Diplomatie Home Page[END_REF] and other foreign ministries and departments of other "western" countries; the dotted lines indicate the limits of the desert locust invasion area [START_REF] Sword | Phase polymorphism and preventative locust management[END_REF]; 1986 through October 2020. expanses and it requires coordination within and between afflicted countries. Surveillance should chiefly focus on the main breeding, or "outbreak areas" [START_REF] Lecoq | Vers une solution durable au problème du criquet pèlerin? Science Chang[END_REF][START_REF] Sword | Phase polymorphism and preventative locust management[END_REF]. Major desert locust breeding areas are mainly located around massifs across the Sahara Desert and Mauritania, the Red Sea plains on the east and west coasts, parts of the southern Arabian Peninsula, and the India-Pakistan border [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Steedman | Locust Handbook[END_REF], all of which are frequently beset with insecurity [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Occurrences and effects of insecurity are described herein from 1986 through May 2020 [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF]. Desert locusts can invade and reproduce in countries beyond those harboring key breeding areas [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Steedman | Locust Handbook[END_REF]], but we selected examples that have major breeding areas for illustrative purposes. Figure 2. Proximity and overlap of major desert locust breeding areas with areas advised against and formally advised against by the French Ministry of Europe and Foreign Affairs for safety concerns [START_REF]France Diplomatie Home Page[END_REF] and other foreign ministries and departments of other "western" countries; the dotted lines indicate the limits of the desert locust invasion area [START_REF] Sword | Phase polymorphism and preventative locust management[END_REF]; 1986 through October 2020.
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Insecurity can impede desert locust operations directly and indirectly. Direct insecurity obstructs ground and aerial surveillance and control operations in breeding areas by imperiling personnel and equipment. Further, swarms originating in non-contested areas can fly into conflicted zones where they might not be accessible for control. Unlike most other kinds of insect control campaigns, desert locust operations are, with relative frequency in some countries, impeded by direct insecurity.

Indirect insecurity, although less obvious than direct insecurity, is arguably more broadly deleterious by debilitating government function and diverting focus away from agricultural issues, and by diverting funding, personnel, and equipment (e.g., vehicles) from desert locust management. Indirect insecurity can be "active" and "inactive". Indirect active insecurity is armed conflict and civil unrest that is occurring at the same time as the desert locust episode, but not in the breeding areas. Because of the apparent constancy and diversity of conflicts in many countries with desert locust breeding areas, indirect active insecurity is widespread, persistent, and dynamic. Indirect inactive insecurity refers to the after-effects of insecurity regardless of where it had occurred. Impacts include weak funding due to prior inattention to capacity maintenance during times of direct and indirect active insecurity, disabled or government-appropriated vehicles and other resources, destruction of infrastructure, and deployment of mines. Indirect inactive insecurity is, because of the frequency of indirect active insecurity, also persistent. Dormant hostilities, such as those between Israel and some of its neighboring countries, are examples of indirect inactive insecurity. Further, desert locust upsurges and plagues are linked to loss of feed production; displacements of human populations; conflicts between farmers, nomads, and pastoralists over limited resources [START_REF] Belayneh | Acridid pest management in the developing world: A challenge to the rural population, a dilemma to the international community[END_REF], all of which are exacerbated and compounded by the chronic, sweeping, and pernicious effects of indirect (active and inactive) insecurity. While we cannot measure the influence of indirect insecurity on desert locust management, we can report the incidence of insecurity to provide a sense of scope and magnitude, as well as variability between afflicted countries.

Because early intervention and reactive control require concentrated use of resources during time-limited windows of opportunity, depletion of resources contributes toward non-sustainability, which underlies the primary obstacle to early intervention (proactive and preventive): Unpreparedness [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Cossé | Rapport de l'Evaluation à mi-Parcours du Programme EMPRES Composante Criquet Pèlerin en Région Occidentale; Food and Agriculture Organization of the United Nations[END_REF][START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF][START_REF] Lecoq | Desert locust management: From ecology to anthropology[END_REF][START_REF] Gay | Improving preventive locust management: Insights from a multi-agent model[END_REF]. Insecurity is often accompanied by increased reliance on bilateral and multilateral international aid agencies for development, routine operations, and non-conflict-related disasters and emergencies, such as combatting desert locust upsurges and plagues. Ramifications of indirect insecurity erode national desert locust control capabilities particularly during recession periods [START_REF] Lecoq | Desert locust management: From ecology to anthropology[END_REF][START_REF] Gay | Improving preventive locust management: Insights from a multi-agent model[END_REF]. In addition, chronic demand for external support to suppress a recurrent emergency has resulted in "donor fatigue", a condition associated with dwindling funds, especially during recessions when there is no immediate emergency to mobilize and drive continued international aid agency support.

Insecurity in Countries with Major Desert Locust Breeding Areas

Algeria. Direct Insecurity. "Traditional" desert locust breeding areas are located in southern Algeria, particularly around the Ahaggar Mountains, and many swarms invaded north of the Atlas Mountains during the 1986-1989 plague and the 2003-2005 upsurge (Figure 3) [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Belayneh | Acridid pest management in the developing world: A challenge to the rural population, a dilemma to the international community[END_REF]. Some areas in the 1980s and 1990s were insecure due to limited Tuareg unrest in the south and travel was restricted near Western Sahara. From 2007 through 2016, however, outbreaks were effectively controlled [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Desert Locust Watch[END_REF]. Indirect Insecurity. Islamic extremism began after a general election was curtailed by the government in 1992 when Islamic fundamentalists were expected to win [START_REF] Roberts | The Battlefield: Algeria 1988-2002[END_REF]. During the next 10 years, ≈150,000 people were killed and the government sank into political paralysis [START_REF]Algeria Hit by Two Massacres[END_REF][START_REF] Mellah | The massacres in Algeria, 1992-2004[END_REF]. Attendant civil unrest included assassinations, massacres, and rioting, hindering travel to and within Algeria [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. In 2001, a Berber uprising occurred in the Kabylie region (Figure 3) [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF][START_REF]Algeria Profile-Timeline[END_REF], and in 2007 an al-Qaeda faction carried out assassinations, kidnappings, and bombings; the army responded with anti-insurgency offensives [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF][START_REF]Algeria Profile-Timeline[END_REF][START_REF] Jesus | Terrorism financing: The particular case of al-Qaeda in the Islamic Maghreb (AQIM)[END_REF][START_REF] Boukhars | What's next for Mali and Algeria? Available online[END_REF]. Although a 19-year-long national emergency was lifted in 2011, public protests and terrorist attacks by al-Qaeda and other insurgent groups continued through 2016 [START_REF]Algeria Profile-Timeline[END_REF]. The north was most insecure [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF], but al-Qaeda's southern branch accrued strength [START_REF] Spencer | Strategic posture review: Algeria[END_REF]; Libya's civil war produced a weapons influx which helped arm al-Qaeda in Algeria [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF][START_REF] Ammour | Regional Security Cooperation in the Maghreb and Sahel: Algeria's Pivotal Ambivalence[END_REF], increasing ambushes and use of concealed explosives against security forces [START_REF] Raleigh | Real-Time Analysis of African Political Violence[END_REF]. Indirect active and inactive insecurity obstructed governance, limited funding, and restricted movement, hindering anti-locust capabilities [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF].

Chad. Direct Insecurity. Desert locust breeding largely occurs in the northwestern mountainous Tibesti and Ennedi regions (Figure 4) [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF][START_REF] Kayalto | Cartographie des zones de reproduction et de grégarisation du criquet pèlerin au Tchad[END_REF]. In 1973, Libya attempted to annex Chad's Aouzou strip, part of the desert locust's Tibesti (Figure 4) breeding area [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF], but Chad retook it militarily in 1986 and travel there was prohibited until the early 1990s [START_REF] Collins | Africa's Thirty Years' War: Libya, Chad, and the Sudan 1963-1993[END_REF][START_REF]More Clashes in Northern Chad[END_REF][START_REF]Mine Wounds Chad Rebel Leader[END_REF][START_REF]Chad profile-Timeline[END_REF]. During the 1986-1989 campaign, control operations were often halted because of conflict with Libya [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Civil war, mostly in the Tibesti region between the government, and the Movement for Democracy and Justice and the National Resistance Army [START_REF] Peace | [END_REF], obstructed travel to the region and impaired desert locust operations through 2016 [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Desert Locust Watch[END_REF]. Indirect Insecurity. Islamic extremism began after a general election was curtailed by the government in 1992 when Islamic fundamentalists were expected to win [START_REF] Roberts | The Battlefield: Algeria 1988-2002[END_REF]. During the next 10 years, ≈150,000 people were killed and the government sank into political paralysis [START_REF]Algeria Hit by Two Massacres[END_REF][START_REF] Mellah | The massacres in Algeria, 1992-2004[END_REF]. Attendant civil unrest included assassinations, massacres, and rioting, hindering travel to and within Algeria [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. In 2001, a Berber uprising occurred in the Kabylie region (Figure 3) [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF][START_REF]Algeria Profile-Timeline[END_REF], and in 2007 an al-Qaeda faction carried out assassinations, kidnappings, and bombings; the army responded with anti-insurgency offensives [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF][START_REF]Algeria Profile-Timeline[END_REF][START_REF] Jesus | Terrorism financing: The particular case of al-Qaeda in the Islamic Maghreb (AQIM)[END_REF][START_REF] Boukhars | What's next for Mali and Algeria? Available online[END_REF]. Although a 19-year-long national emergency was lifted in 2011, public protests and terrorist attacks by al-Qaeda and other insurgent groups continued through 2016 [START_REF]Algeria Profile-Timeline[END_REF]. The north was most insecure [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF], but al-Qaeda's southern branch accrued strength [START_REF] Spencer | Strategic posture review: Algeria[END_REF]; Libya's civil war produced a weapons influx which helped arm al-Qaeda in Algeria [START_REF] Strachan | Conflict Analysis of Algeria; Governance Social Development Humanitarian Conflict[END_REF][START_REF] Ammour | Regional Security Cooperation in the Maghreb and Sahel: Algeria's Pivotal Ambivalence[END_REF], increasing ambushes and use of concealed explosives against security forces [START_REF] Raleigh | Real-Time Analysis of African Political Violence[END_REF]. Indirect active and inactive insecurity obstructed governance, limited funding, and restricted movement, hindering anti-locust capabilities [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF].

Chad. Direct Insecurity. Desert locust breeding largely occurs in the northwestern mountainous Tibesti and Ennedi regions (Figure 4) [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF][START_REF] Kayalto | Cartographie des zones de reproduction et de grégarisation du criquet pèlerin au Tchad[END_REF]. In 1973, Libya attempted to annex Chad's Aouzou strip, part of the desert locust's Tibesti (Figure 4) breeding area [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF], but Chad retook it militarily in 1986 and travel there was prohibited until the early 1990s [START_REF] Collins | Africa's Thirty Years' War: Libya, Chad, and the Sudan 1963-1993[END_REF][START_REF]More Clashes in Northern Chad[END_REF][START_REF]Mine Wounds Chad Rebel Leader[END_REF][START_REF]Chad profile-Timeline[END_REF]. During the 1986-1989 campaign, control operations were often halted because of conflict with Libya [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Civil war, mostly in the Tibesti region between the government, and the Movement for Democracy and Justice and the National Resistance Army [START_REF] Peace | [END_REF], obstructed travel to the region and impaired desert locust operations through 2016 [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Desert Locust Watch[END_REF]. Indirect Insecurity. The Mouvement Patriotique du Salut and other rebel groups replaced Chad's government in 1990 [START_REF] Ammour | Regional Security Cooperation in the Maghreb and Sahel: Algeria's Pivotal Ambivalence[END_REF][START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF], and insurgency-based coup attempts became chronic [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF][START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. During the 1990s, the border with the Central African Republic (Figure 4) was contested [START_REF]Clash on Chad-CAR Border[END_REF] between a group called the Federal Republic of Laouken and Chadian troops [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF].

Border tension in eastern Chad deteriorated in 2005 when Chadian rebel groups used the region for bases (supported by Sudan), Sudanese militia groups also entered Chad and attacked civilians, instigating violence between eastern ethnic groups [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF]. In April 2006, three rebel groupls, Union des Forces pour la Démocratie et le Dévelopment, Rassemblement des Forces pour le Changement, and the Front Uni pour le Changement, started an unresolved offensive against the national army with casualties on both sides [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF], prompting the government to declare a national emergency in 2007 [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. In early 2008, the same rebel groups entered N'Djamena (Figure 4), but failed to topple the government [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF]. A rebel advance in May 2009 elicited government airstrikes against their sanctuaries across the border in Sudan [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. Sudan countered by launching an airstrike on a Chadian refugee camp and by pursuing Sudanese rebels that had taken refuge in Chad; Chad retaliated with July airstrikes against Sudan [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. In 2010, Chad and Sudan deployed a 3000-soldier combined cross-border force to quell problematic opposition groups [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. Other rebel organizations have since emerged and conflict continues. We suggest that indirect insecurity, active and inactive, have had a substantial deleterious impact on Chadian governmental functions, including locust surveillance and control.

Eritrea. Direct Insecurity. The Red Sea coastal plain of Eritrea, particularly north of Massawa (Figure 5), has, along with the contiguous coastal plains of Sudan, likely been the most prolific breeding area for desert locusts. The 1986-1989 plague and the 1992-1994 upsurge both originated on the Red Sea coastal plains in Eritrea and Sudan [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF]. A war for independence waged by the Eritrean People's Liberation Front (EPLF) against Ethiopia began in 1962 and continued for 30 years [START_REF] Papstein | Revolution at Dusk[END_REF] (Figures 6 and7), escalating to large tank battles. Fighting occurred everywhere, excluding the capital, Asmara (Figure 5) [START_REF] Papstein | Revolution at Dusk[END_REF]. The war prevented desert locust control during the 1986-1989 plague [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF], and during the Indirect Insecurity. The Mouvement Patriotique du Salut and other rebel groups replaced Chad's government in 1990 [START_REF] Ammour | Regional Security Cooperation in the Maghreb and Sahel: Algeria's Pivotal Ambivalence[END_REF][START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF], and insurgency-based coup attempts became chronic [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF][START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. During the 1990s, the border with the Central African Republic (Figure 4) was contested [START_REF]Clash on Chad-CAR Border[END_REF] between a group called the Federal Republic of Laouken and Chadian troops [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF].

Border tension in eastern Chad deteriorated in 2005 when Chadian rebel groups used the region for bases (supported by Sudan), Sudanese militia groups also entered Chad and attacked civilians, instigating violence between eastern ethnic groups [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF]. In April 2006, three rebel groupls, Union des Forces pour la Démocratie et le Dévelopment, Rassemblement des Forces pour le Changement, and the Front Uni pour le Changement, started an unresolved offensive against the national army with casualties on both sides [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF], prompting the government to declare a national emergency in 2007 [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. In early 2008, the same rebel groups entered N'Djamena (Figure 4), but failed to topple the government [START_REF] Berg | The Dynamics of Conflict in the Tri-Border Region of the Sudan, Chad and the Central African Republic[END_REF]. A rebel advance in May 2009 elicited government airstrikes against their sanctuaries across the border in Sudan [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. Sudan countered by launching an airstrike on a Chadian refugee camp and by pursuing Sudanese rebels that had taken refuge in Chad; Chad retaliated with July airstrikes against Sudan [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. In 2010, Chad and Sudan deployed a 3000-soldier combined cross-border force to quell problematic opposition groups [START_REF] Ploch | Instability and Humanitarian Conditions in Chad[END_REF]. Other rebel organizations have since emerged and conflict continues. We suggest that indirect insecurity, active and inactive, have had a substantial deleterious impact on Chadian governmental functions, including locust surveillance and control.

Eritrea. Direct Insecurity. The Red Sea coastal plain of Eritrea, particularly north of Massawa (Figure 5), has, along with the contiguous coastal plains of Sudan, likely been the most prolific breeding area for desert locusts. The 1986-1989 plague and the 1992-1994 upsurge both originated on the Red Sea coastal plains in Eritrea and Sudan [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF]. A war for independence waged by the Eritrean People's Liberation Front (EPLF) against Ethiopia began in 1962 and continued for 30 years [START_REF] Papstein | Revolution at Dusk[END_REF] (Figures 6 and7), escalating to large tank battles. Fighting occurred everywhere, excluding the capital, Asmara (Figure 5) [START_REF] Papstein | Revolution at Dusk[END_REF]. The war prevented desert locust control during the 1986-1989 plague [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF], and during the Agronomy 2021, 11, 114 6 of 24 1992-1994 upsurge, minefields obstructed access to breeding areas [START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF]. Following independence in 1993, minefields still made off-road travel in the lowlands so dangerous [START_REF] Bereketeab | The complex roots of the second Eritrea-Ethiopia war: Re-examining the causes[END_REF] that some operations had to be conducted using aircraft [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. The Sudan border was intermittently conflicted after Eritrea's independence [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF] because of Eritrean support for Sudanese rebels [START_REF]Sudan and Eritrea in Reconciliation Talks[END_REF] and a suspected Sudanese-backed insurgency within Eritrea [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF][START_REF]Sudan and Eritrea Begin Repairing Relations[END_REF]. In 1999, an Eritrean desert locust surveillance team was captured near the border, detained, and tortured [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Despite continued hostilities, 1997-2020 desert locust control was reasonably successful [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF].
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Ethiopia launched airstrikes against Asmara in 1998 over a border dispute and Eritrea responded with an airstrike against Mekele in northern Ethiopia (Figure 5) [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. War ensued, involving tens of thousands of casualties until Ethiopia invaded part of southwestern Eritrea in June 2000. A United Nations peacekeeping force arrived in 2002 but disbanded in 2008 despite continuing tension [44] and the border remained inaccessible and tense through 2020, even after the two countries reached a peace agreement in 2018. Continuous military mobilization since independence has prevented Eritrea from reaching optimal capacity for desert locust control.
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Ethiopia launched airstrikes against Asmara in 1998 over a border dispute and Eritrea responded with an airstrike against Mekele in northern Ethiopia (Figure 5) [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. War ensued, involving tens of thousands of casualties until Ethiopia invaded part of southwestern Eritrea in June 2000. A United Nations peacekeeping force arrived in 2002 but disbanded in 2008 despite continuing tension [44] and the border remained inaccessible and tense through 2020, even after the two countries reached a peace agreement in 2018. Continuous military mobilization since independence has prevented Eritrea from reaching optimal capacity for desert locust control.

Ethiopia. Direct Insecurity. From 1986, parts of the Ogaden Desert (Figure 8), where desert locusts breed, were unsafe because of rebellions and banditry; in 1992, for example, a surveillance helicopter was shot down there, killing three [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. The senior author, on lowflying reconnaissance near Jijiga (Figure 8), 1994, was targeted by small arms. Although control operations have more recently been effective, dangers in some areas, particularly the Ogaden, remain.
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In 2004, ≈200 people died in ethnic clashes in Gambella Province (Figure 8), causing massive population displacement [START_REF]Ethiopia Profile-Timeline[END_REF]. In 2005, disputed elections led to violent protest lasting months, in 2006 several bombs exploded in Addis Ababa, and Ethiopian troop were sent into Somalia for two years to combat Islamist militants [START_REF]Ethiopia Profile-Timeline[END_REF]. In 2007, insurgent killed 74 workers at a Chinese oil facility in the southeast [START_REF]Ethiopia Profile-Timeline[END_REF]. The Ogaden National Lib eration Front (ONLF) captured several eastern towns in 2009 after heavy fighting [START_REF]Ethiopia Profile-Timeline[END_REF], and clashes with the military continued into 2012, one raid killing 168 troops [START_REF]Ethiopia Profile-Timeline[END_REF]. Further European tourists were executed in the Afar region (Figure 8). In 2013, Ethiopia detained Somali al-Shabaab Islamist militants plotting to kidnap United Nations personnel [START_REF]Ethiopia Says Foils Somali Rebel Plot to Seize U.N. Staff[END_REF], and in 2015-2016, protests erupted in the northern city of Gondar (Figure 8) associated with the killing of >500 people and other human rights abuses by the government, prompting a state of emergency in late 2016 [START_REF]Ethiopia Profile-Timeline[END_REF]. Occasionally, violent civil unrest in Ethiopia per sisted through 2020. Although effects of indirect insecurity on Ethiopia's ability to manag desert locusts are highly likely, it is difficult to assess the extent of impairment.

India-Pakistan. Indirect Insecurity. The Thar Desert (Figure 9) on the southern borde of India and Pakistan comprise the easternmost key desert locust breeding area [START_REF] Steedman | Locust Handbook[END_REF][START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF] Direct insecurity in the breeding areas, 1986-2020, has not been reported. During the de Indirect Insecurity. Aside from the 1962-1992 war of Eritrean secession, rebellions and civil unrest besieged Ethiopia from 1986 through 2020. A civil war during the 1980s involved the Ethiopian People's Revolutionary Democratic Front, which replaced the dictatorial Derg regime in 1991 [START_REF] Young | Local Conflict, Marginalization, and the Threat to Regional Security[END_REF]. The Sudan border was intermittently tense, and in 2000 Kenya reported that Ethiopian soldiers repeatedly crossed the border (Figure 8), killing Kenyan citizens and stealing cattle [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF].

In 2004, ≈200 people died in ethnic clashes in Gambella Province (Figure 8), causing massive population displacement [START_REF]Ethiopia Profile-Timeline[END_REF]. In 2005, disputed elections led to violent protests lasting months, in 2006 several bombs exploded in Addis Ababa, and Ethiopian troops were sent into Somalia for two years to combat Islamist militants [START_REF]Ethiopia Profile-Timeline[END_REF]. In 2007, insurgents killed 74 workers at a Chinese oil facility in the southeast [START_REF]Ethiopia Profile-Timeline[END_REF]. The Ogaden National Liberation Front (ONLF) captured several eastern towns in 2009 after heavy fighting [START_REF]Ethiopia Profile-Timeline[END_REF], and clashes with the military continued into 2012, one raid killing 168 troops [START_REF]Ethiopia Profile-Timeline[END_REF]. Further, European tourists were executed in the Afar region (Figure 8). In 2013, Ethiopia detained Somali al-Shabaab Islamist militants plotting to kidnap United Nations personnel [START_REF]Ethiopia Says Foils Somali Rebel Plot to Seize U.N. Staff[END_REF], and, in 2015-2016, protests erupted in the northern city of Gondar (Figure 8) associated with the killing of >500 people and other human rights abuses by the government, prompting a state of emergency in late 2016 [START_REF]Ethiopia Profile-Timeline[END_REF]. Occasionally, violent civil unrest in Ethiopia persisted through 2020. Although effects of indirect insecurity on Ethiopia's ability to manage desert locusts are highly likely, it is difficult to assess the extent of impairment.

India-Pakistan. Indirect Insecurity. The Thar Desert (Figure 9) on the southern border of India and Pakistan comprise the easternmost key desert locust breeding area [START_REF] Steedman | Locust Handbook[END_REF][START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. Direct insecurity in the breeding areas, 1986-2020, has not been reported. During the desert locust campaigns of 1986-1989 and 1992-1994, involving breeding in the border deserts, control occurred before swarms escaped to other regions [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF], but cooperation between India and Pakistan was problematic because of limited communications, travel restrictions to contested areas, and landmines [START_REF]Recent Landmine Use by India and Pakistan[END_REF]. Mutual hostility between the two countries escalated into a nuclear arms race [START_REF] Ganguly | Conflict Unending: India and Pakistan[END_REF][START_REF] Jones | [END_REF]. From 1986 through 2020, conflict has mostly been focused on the Kashmir region (Figure 9). Terrorism and military skirmishes, including airstrikes, were conducted there, resulting in thousands of casualties [START_REF]India and Pakistan: Tense Neighbors[END_REF][START_REF]Kashmir Conflict: Tension on the India Pakistan Border[END_REF][START_REF]Morocco Profile-Timeline[END_REF][START_REF]Kashmir: Pakistan Call Emergency Meeting Amid 'Deteriorating Situation[END_REF][START_REF] Marszal | India Build Underground Bunkers on Kashmir Frontier as Border Clashes with Pakistan Escalate[END_REF][START_REF] Le Miere | India-Pakistan War Timeline: Recent Deadly Attacks Are Just the Latest Between Nuclear Neighbors[END_REF]. India and Pakistan are likely among the countries (of the 13 presented) least impeded by indirect insecurity.

Agronomy 2021, 11, x FOR PEER REVIEW sert locust campaigns of 1986-1989 and 1992-1994, involving breeding in the bo serts, control occurred before swarms escaped to other regions [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF], but coopera tween India and Pakistan was problematic because of limited communications, t strictions to contested areas, and landmines [START_REF]Recent Landmine Use by India and Pakistan[END_REF]. Mutual hostility between the tw tries escalated into a nuclear arms race [START_REF] Ganguly | Conflict Unending: India and Pakistan[END_REF][START_REF] Jones | [END_REF]. From 1986 through 2020, con mostly been focused on the Kashmir region (Figure 9). Terrorism and military ski including airstrikes, were conducted there, resulting in thousands of casualties India and Pakistan are likely among the countries (of the 13 presented) least imp indirect insecurity. Mali. Direct Insecurity. The Adrar des Iforas region of northern Mali (Figure important desert locust breeding area [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF], inhabited by the Tuareg people [57 early 1990s, the Tuareg turned from occasional banditry [START_REF]Malian Tuaregs Accused of Killings in Niger[END_REF] to rebellion [START_REF] Ba | Tuareg Nationalism and Cyclical Pattern of Rebellions: How the Past and Present Explain Each Other; Sahel Research Group[END_REF]. Five troops protecting a desert locust surveillance team were killed by Tuareg rebels [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF] and the insurrection restricted travel around breeding areas [START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Desert locus tions in northern Mali were impeded relatively often through 2016 [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Desert Locust Watch[END_REF]. If gr desert locusts were to become active in Mali in the near future, surveillance and operations might experience direct insecurity-related impediments. Mali. Direct Insecurity. The Adrar des Iforas region of northern Mali (Figure 10) is an important desert locust breeding area [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF], inhabited by the Tuareg people [START_REF] Nicolaisen | The Pastoral Tuareg: Ecology, Culture, and Society[END_REF]. In the early 1990s, the Tuareg turned from occasional banditry [START_REF]Malian Tuaregs Accused of Killings in Niger[END_REF] to rebellion [START_REF] Ba | Tuareg Nationalism and Cyclical Pattern of Rebellions: How the Past and Present Explain Each Other; Sahel Research Group[END_REF]. Five Malian troops protecting a desert locust surveillance team were killed by Tuareg rebels in 1994 [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF] and the insurrection restricted travel around breeding areas [START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Desert locust operations in northern Mali were impeded relatively often through 2016 [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Desert Locust Watch[END_REF]. If gregarious desert locusts were to become active in Mali in the near future, surveillance and control operations might experience direct insecurity-related impediments. Five Europeans were kidnapped by al-Qaeda in eastern and northern Mali in 2006, and a German tourist was killed [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. A massacre of Malian troops and civilians at Aguelhok (Figure 10) occurred in early 2012, three of four military units in northern Mali defected to Malian National Liberation Army (MNLA) rebels, United States military airdrops supplied besieged Malian troops in Tessalit (Figure 10) [START_REF] Arieff | Crisis in Mali; R42664[END_REF], and Senegal sent troops to assist the Mali government [START_REF] Brahim | Conflict in Northern Mali: Internal Facts and Regional Impacts[END_REF]. A coup in March 2012, however, overthrew the government, collapsing military command, and the MNLA and Islamist Ansar al Din seized the north [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. By April, the MNLA declared part of Mali a separate state, but it retreated after being ousted from the town of Gao (Figure 10) by a faction of al-Qaeda [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. In early 2013, France attacked insurgents in the north after government forces were defeated in Konna and Bamako (Figure 10) [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. While the impacts of indirect insecurity on desert locust operations have not been assessed, they are likely to be relatively substantial.

Mauritania. Direct Insecurity. The Mauritanian desert is mostly favorable to desert locust breeding [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF], which occurred during the 1986-1989, 1992-1994, and the 2003-2005 desert locust episodes [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Belayneh | Acridid pest management in the developing world: A challenge to the rural population, a dilemma to the international community[END_REF]. Although landmines had at times obstructed desert locust operations, they have largely been cleared or marked and have not interfered with desert locust control operations [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Mauritania Declares Itself Landmine Free Nearly Two Decades After Mine Clearance Began[END_REF]. Intervention against desert locusts from 2007 to 2020 were reasonably effective [START_REF]Desert Locust Watch[END_REF].

Indirect Insecurity. In 1989-1991, racial tensions triggered ethnic violence that resulted in hundreds of deaths in Mauritania and in Senegal [START_REF] Fievet | Senegalese-Mauritanian Riots Spread[END_REF][START_REF]Ethnic Riots Spread across Senegal border[END_REF][START_REF] Rao | Conflict Analysis of Mauritania[END_REF]. After those incidents, emphasis on conflict prevention and ethnic reconciliation has occurred with a number of constitutional amendments affirming the multiethnic character of the state [START_REF] Boukhars | The Drivers of Insecurity in Mauritania[END_REF]. Al-Qaeda killed four French tourists in 2007, launched attacks in Nouakchott, and conducted ransom kidnappings beginning in 2008 [START_REF] Rao | Conflict Analysis of Mauritania[END_REF]. Border tensions involved Western Sahara and its Polisario separatist guerrillas [START_REF] Rao | Conflict Analysis of Mauritania[END_REF]. Indirect insecurity probably has had a low to moderate effect on desert locust control capability. Five Europeans were kidnapped by al-Qaeda in eastern and northern Mali in 2006, and a German tourist was killed [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. A massacre of Malian troops and civilians at Aguelhok (Figure 10) occurred in early 2012, three of four military units in northern Mali defected to Malian National Liberation Army (MNLA) rebels, United States military airdrops supplied besieged Malian troops in Tessalit (Figure 10) [START_REF] Arieff | Crisis in Mali; R42664[END_REF], and Senegal sent troops to assist the Mali government [START_REF] Brahim | Conflict in Northern Mali: Internal Facts and Regional Impacts[END_REF]. A coup in March 2012, however, overthrew the government, collapsing military command, and the MNLA and Islamist Ansar al Din seized the north [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. By April, the MNLA declared part of Mali a separate state, but it retreated after being ousted from the town of Gao (Figure 10) by a faction of al-Qaeda [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. In early 2013, France attacked insurgents in the north after government forces were defeated in Konna and Bamako (Figure 10) [START_REF] Arieff | Crisis in Mali; R42664[END_REF]. While the impacts of indirect insecurity on desert locust operations have not been assessed, they are likely to be relatively substantial.

Mauritania. Direct Insecurity. The Mauritanian desert is mostly favorable to desert locust breeding [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF], which occurred during the 1986-1989, 1992-1994, and the 2003-2005 desert locust episodes [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Belayneh | Acridid pest management in the developing world: A challenge to the rural population, a dilemma to the international community[END_REF]. Although landmines had at times obstructed desert locust operations, they have largely been cleared or marked and have not interfered with desert locust control operations [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Mauritania Declares Itself Landmine Free Nearly Two Decades After Mine Clearance Began[END_REF]. Intervention against desert locusts from 2007 to 2020 were reasonably effective [START_REF]Desert Locust Watch[END_REF].

Indirect Insecurity. In 1989-1991, racial tensions triggered ethnic violence that resulted in hundreds of deaths in Mauritania and in Senegal [START_REF] Fievet | Senegalese-Mauritanian Riots Spread[END_REF][START_REF]Ethnic Riots Spread across Senegal border[END_REF][START_REF] Rao | Conflict Analysis of Mauritania[END_REF]. After those incidents, emphasis on conflict prevention and ethnic reconciliation has occurred with a number of constitutional amendments affirming the multiethnic character of the state [START_REF] Boukhars | The Drivers of Insecurity in Mauritania[END_REF]. Al-Qaeda killed four French tourists in 2007, launched attacks in Nouakchott, and conducted ransom kidnappings beginning in 2008 [START_REF] Rao | Conflict Analysis of Mauritania[END_REF]. Border tensions involved Western Sahara and its Polisario separatist guerrillas [START_REF] Rao | Conflict Analysis of Mauritania[END_REF]. Indirect insecurity probably has had a low to moderate effect on desert locust control capability.

Niger. Direct Insecurity. A key desert locust breeding area encompasses the Aïr Mountains and the Tamesna region (Figure 11), which are inhabited by Tuareg. Tuareg insurrection hindered desert locust surveillance and control through 1994 [START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF]. In 1991, an encampment of scientists, including one of the authors (ML) researching desert locusts in the Tamesna was attacked by armed men, resulting in one casualty [START_REF] Chouvenc | Editions du Miroir[END_REF]. During 2007-2016, insecurity did not impede locust operations [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Desert Locust Watch[END_REF].
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Niger. Direct Insecurity. A key desert locust breeding area encompasses the Aïr Mountains and the Tamesna region (Figure 11), which are inhabited by Tuareg. Tuareg insurrection hindered desert locust surveillance and control through 1994 [START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF]. In 1991, an encampment of scientists, including one of the authors (ML) researching desert locusts in the Tamesna was attacked by armed men, resulting in one casualty [START_REF] Chouvenc | Editions du Miroir[END_REF]. During 2007-2016, insecurity did not impede locust operations [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF]Desert Locust Watch[END_REF]. Indirect Insecurity. While violent incidents were associated with Tuareg bandits and rebels, by the late 1990s insecurity was less tumultuous than in Mali because government responses were more accommodating [START_REF] Ba | Tuareg Nationalism and Cyclical Pattern of Rebellions: How the Past and Present Explain Each Other; Sahel Research Group[END_REF], and some Tuareg groups laid down arms [START_REF]Chronology for Tuareg in Niger[END_REF]. It appears likely that, were gregarious desert locust populations to develop or arrive in 2020, insecurity would not pose significant obstacles.

Saudi Arabia. Indirect Insecurity. Desert locust breeding in Saudi Arabia mainly occurs along the Tihama, the Rub al-Khali (Empty Quarter), and the north-central desert [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. No direct insecurity regarding desert locust control has been reported. Despite Saudi Arabian involvement in external wars (i.e., Iraq, Kuwait, Yemen) and limited internal civil unrest and Islamic terrorism confined to cities, indirect insecurity has had a negligible impact on desert locust control.

Somalia. Direct Insecurity. Desert locust breeding mostly occurs in northern parts of Somalia, and these areas have been particularly problematic in 2020 [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF]Current Upsurge[END_REF]. National locust control capabilities were eliminated in Somalia, from the 1980s through 2020, because of armed conflict [START_REF]Desert Locusts Ravage Breakaway Somalia Region[END_REF]; hence, desert locust surveillance during the late 1990s was conducted by one United Nations volunteer, a Somali counterpart in Hargeisa (Figure 12), and occasional FAO (Food and Agriculture Organization of the United Nations)-funded aerial missions by the Desert Locust Control Organization for Eastern Africa (DLCO-EA), based in Addis Ababa, Ethiopia (Figure 8) [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. During the relatively limited 1997-1998 desert locust episode [START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF], swarms developed in Somaliland (Figure 12) and flew into Ethiopia's Ogaden region [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Direct insecurity has impeded desert locust operations in Somalia through 2020 [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF], and Somalia is arguably the most problematic country with regard to insecurity in the desert locust's distribution. Indirect Insecurity. While violent incidents were associated with Tuareg bandits and rebels, by the late 1990s insecurity was less tumultuous than in Mali because government responses were more accommodating [START_REF] Ba | Tuareg Nationalism and Cyclical Pattern of Rebellions: How the Past and Present Explain Each Other; Sahel Research Group[END_REF], and some Tuareg groups laid down arms [START_REF]Chronology for Tuareg in Niger[END_REF]. It appears likely that, were gregarious desert locust populations to develop or arrive in 2020, insecurity would not pose significant obstacles.

Saudi Arabia. Indirect Insecurity. Desert locust breeding in Saudi Arabia mainly occurs along the Tihama, the Rub al-Khali (Empty Quarter), and the north-central desert [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. No direct insecurity regarding desert locust control has been reported. Despite Saudi Arabian involvement in external wars (i.e., Iraq, Kuwait, Yemen) and limited internal civil unrest and Islamic terrorism confined to cities, indirect insecurity has had a negligible impact on desert locust control.

Somalia. Direct Insecurity. Desert locust breeding mostly occurs in northern parts of Somalia, and these areas have been particularly problematic in 2020 [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF]Current Upsurge[END_REF]. National locust control capabilities were eliminated in Somalia, from the 1980s through 2020, because of armed conflict [START_REF]Desert Locusts Ravage Breakaway Somalia Region[END_REF]; hence, desert locust surveillance during the late 1990s was conducted by one United Nations volunteer, a Somali counterpart in Hargeisa (Figure 12), and occasional FAO (Food and Agriculture Organization of the United Nations)-funded aerial missions by the Desert Locust Control Organization for Eastern Africa (DLCO-EA), based in Addis Ababa, Ethiopia (Figure 8) [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. During the relatively limited 1997-1998 desert locust episode [START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF], swarms developed in Somaliland (Figure 12) and flew into Ethiopia's Ogaden region [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Direct insecurity has impeded desert locust operations in Somalia through 2020 [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF], and Somalia is arguably the most problematic country with regard to insecurity in the desert locust's distribution. Indirect Insecurity. After the Somali president was ousted and Mogadishu (Figure 12) was captured by rebel militias in 1991, thousands of civilians became casualties and Somalia lost its central government [START_REF] Peterson | Me Against My Brother, at War in Somalia, Sudan and Rwanda[END_REF][START_REF] Hogg | From Troubled to Dire[END_REF]. In 1992, ≈350,000 people died from disease, starvation, and civil war, prompting United States emergency aid airlifts [START_REF] Hogg | From Troubled to Dire[END_REF][73][74]. In 1993, United States troops were deployed in Mogadishu to assist United Nations peacekeepers but heavy fighting resulted in 18 United States soldiers and >500 Somali fighters and civilians killed [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF] Bowden | [END_REF]. United States forces were withdrawn [74] and United Nations efforts to stabilize the government were aborted [START_REF] Bowden | [END_REF]. Puntaland and Jubaland (Figure 12) declared themselves as regional administrations in 1998 and factional fighting persisted after a transitional government was installed in 2000 [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF]Factional Fighting Erupts in Somalia[END_REF]. A United Nations arms embargo on Somalia was in effect since the early 1990s, and in 2001-2002 Mogadishu was declared too dangerous for a United Nations office [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF]Somalia: General Overview of the Security Situation in the City of MOGADISHU (2000-2002[END_REF].

From 1996 through 1997, the al-Qaeda-linked Somali group, al-Ittihad, conducted attacks and bombings in Ethiopia. Starting in 1999, Ethiopia responded with incursions into southern Somalia to destroy al-Ittihad [START_REF]Somalia's Role in Terror[END_REF], capturing the regional capital of Garba Harre (Figure 12) [START_REF] Hogg | From Troubled to Dire[END_REF]. In 2002, Ethiopian troops moved into Puntaland and, again, into southern Somalia [START_REF]Ethiopian Troops Deploy in Somalia[END_REF][START_REF]Ethiopian Troops in Somalia[END_REF][START_REF] Watches | -Qaeda Links[END_REF]. Because the United States government suspected al-Qaeda activity in Somalia, military operations there increased [START_REF] Hogg | From Troubled to Dire[END_REF]. An interim Somali government was formed in Kenya in 2003, and on moving to Somalia in 2005, internal divisions begat more violence [START_REF] Hogg | From Troubled to Dire[END_REF]. Inter-militia fighting in Mogadishu during 2006 caused hundreds of civilian casualties and a militia-backed rival government, the Islamic Courts Union, seized most of southern Somalia and Mogadishu [START_REF] Hogg | From Troubled to Dire[END_REF]. When Ethiopian troops re-invaded Somalia, Islamic government hard-liners declared jihad against Ethiopia, and subsequent fighting involved tanks and helicopters [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF]Somali Rebels Shoot Down Ethiopian Helicopter as Clashes Worsen[END_REF]. By 2007, the transitional government regained control, a United States airstrike killed the al-Shabaab insurgency's leader, and other airstrikes hit al-Qaeda targets in southern Somalia [START_REF] Hogg | From Troubled to Dire[END_REF]. The government declared a state of emergency as fighting continued into 2008, including coordinated suicide bombings in semiautonomous regions [START_REF] Hogg | From Troubled to Dire[END_REF]. Indirect Insecurity. After the Somali president was ousted and Mogadishu (Figure 12) was captured by rebel militias in 1991, thousands of civilians became casualties and Somalia lost its central government [START_REF] Peterson | Me Against My Brother, at War in Somalia, Sudan and Rwanda[END_REF][START_REF] Hogg | From Troubled to Dire[END_REF]. In 1992, ≈350,000 people died from disease, starvation, and civil war, prompting United States emergency aid airlifts [START_REF] Hogg | From Troubled to Dire[END_REF][73][74]. In 1993, United States troops were deployed in Mogadishu to assist United Nations peacekeepers but heavy fighting resulted in 18 United States soldiers and >500 Somali fighters and civilians killed [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF] Bowden | [END_REF]. United States forces were withdrawn [74] and United Nations efforts to stabilize the government were aborted [START_REF] Bowden | [END_REF]. Puntaland and Jubaland (Figure 12) declared themselves as regional administrations in 1998 and factional fighting persisted after a transitional government was installed in 2000 [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF]Factional Fighting Erupts in Somalia[END_REF]. A United Nations arms embargo on Somalia was in effect since the early 1990s, and in 2001-2002 Mogadishu was declared too dangerous for a United Nations office [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF]Somalia: General Overview of the Security Situation in the City of MOGADISHU (2000-2002[END_REF].

From 1996 through 1997, the al-Qaeda-linked Somali group, al-Ittihad, conducted attacks and bombings in Ethiopia. Starting in 1999, Ethiopia responded with incursions into southern Somalia to destroy al-Ittihad [START_REF]Somalia's Role in Terror[END_REF], capturing the regional capital of Garba Harre (Figure 12) [START_REF] Hogg | From Troubled to Dire[END_REF]. In 2002, Ethiopian troops moved into Puntaland and, again, into southern Somalia [START_REF]Ethiopian Troops Deploy in Somalia[END_REF][START_REF]Ethiopian Troops in Somalia[END_REF][START_REF] Watches | -Qaeda Links[END_REF]. Because the United States government suspected al-Qaeda activity in Somalia, military operations there increased [START_REF] Hogg | From Troubled to Dire[END_REF]. An interim Somali government was formed in Kenya in 2003, and on moving to Somalia in 2005, internal divisions begat more violence [START_REF] Hogg | From Troubled to Dire[END_REF]. Inter-militia fighting in Mogadishu during 2006 caused hundreds of civilian casualties and a militia-backed rival government, the Islamic Courts Union, seized most of southern Somalia and Mogadishu [START_REF] Hogg | From Troubled to Dire[END_REF]. When Ethiopian troops re-invaded Somalia, Islamic government hard-liners declared jihad against Ethiopia, and subsequent fighting involved tanks and helicopters [START_REF] Hogg | From Troubled to Dire[END_REF][START_REF]Somali Rebels Shoot Down Ethiopian Helicopter as Clashes Worsen[END_REF]. By 2007, the transitional government regained control, a United States airstrike killed the al-Shabaab insurgency's leader, and other airstrikes hit al-Qaeda targets in southern Somalia [START_REF] Hogg | From Troubled to Dire[END_REF]. The government declared a state of emergency as fighting continued into 2008, including coordinated suicide bombings in semiautonomous regions [START_REF] Hogg | From Troubled to Dire[END_REF].

By September 2011, >20 separate regional governments had developed across Somalia in addition to Puntaland and Somaliland (Figure 12), some warring against others [74]. Kenyan troops battled al-Shabaab in Somalia from late 2011 through 2016, and al-Shabaab claimed that it killed ≈100 African Union soldiers in El-Adda (Figure 12) [74]. In October 2016, Ethiopia pulled its 2000 troops (part of a 22,000-strong African Union force, Figure 13) from four towns in southern Somalia which al-Shabaab captured within hours [START_REF]Somalia's al-Shabaab in Comeback, as Ethiopia Pulls Troops[END_REF]. Widespread insecurity in Somalia has continued through 2020.
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Sudan. Direct Insecurity. Sudan's Red Sea coastal plain, particularly the region from the Tokar Delta (Figure 14) to the Eritrean border, is a prolific desert locust breeding area [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. Breeding also tends to occur in the western desert [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. Civil war and insurgencies, especially around the Tokar Delta and Kassala [START_REF]Kassala in Government Hands[END_REF] (Figure 14), impeded surveillance and control during the 1986-1989 plague. The Tokar Delta area was held by National Defense Alliance (Beja Congress) rebels in the 1990s and swarms developed there during the 1992-1994 upsurge and the 1997-1998 desert locust outbreak [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF]. The northern coastal plain around Halaib (Figure 14) has been contested from 1986 to the present, by Egypt [START_REF] Mohyeldeen | The Egypt-Sudan Border: A Story of Unfulfilled Promise[END_REF], rendering it off limits to locust scouts from both countries. Sudan is vulnerable to desert locust outbreaks becoming upsurges because direct insecurity persists in some breeding areas. Over decades of conflict, thousands of landmines were scattered across parts of Somalia [START_REF]Landmine Danger Persists in Somalia[END_REF]. The Somalia-Ethiopia border and the regions of Galgadud, Bakool, Bay, Hiraan, and the Afgooye Corridor, and parts of Mogadishu (Figure 12) were the most heavily mined [START_REF]Landmine Danger Persists in Somalia[END_REF]. In addition to the instances of insecurity described above, regions of Somalia were also unsafe because of banditry and piracy. Indirect insecurity, like direct insecurity, continue to be major obstacles to desert locust control.

Sudan. Direct Insecurity. Sudan's Red Sea coastal plain, particularly the region from the Tokar Delta (Figure 14) to the Eritrean border, is a prolific desert locust breeding area [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. Breeding also tends to occur in the western desert [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. Civil war and insurgencies, especially around the Tokar Delta and Kassala [START_REF]Kassala in Government Hands[END_REF] (Figure 14), impeded surveillance and control during the 1986-1989 plague. The Tokar Delta area was held by National Defense Alliance (Beja Congress) rebels in the 1990s and swarms developed there during the 1992-1994 upsurge and the 1997-1998 desert locust outbreak [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF]. The northern coastal plain around Halaib (Figure 14) has been contested from 1986 to the present, by Egypt [START_REF] Mohyeldeen | The Egypt-Sudan Border: A Story of Unfulfilled Promise[END_REF], rendering it off limits to locust scouts from both countries. Sudan is vulnerable to desert locust outbreaks becoming upsurges because direct insecurity persists in some breeding areas. Indirect Insecurity. The government also fought other rebel armies, mostly south, following Sudan's 1956 independence [87,[START_REF] Ottaway | From Conflict to Conflict[END_REF] through 2020; the largest reb was the 40,000-strong Sudan People's Liberation Army (SPLA) [START_REF] Salopek | Shattered Sudan: Drilling for oil, hoping for peace[END_REF]. During p years, 2003-2005, the government attacked villages using helicopters and fixed-w tonov bombers [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF]. Ground forces followed, targeting the Fur, Massalit, and Z tribes especially in the Darfur provinces (Figure 14) [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF]. The military was augme the Janjaweed, a militia comprised of former bandits, demobilized soldiers, youn men, and unemployed youths [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF]. The aim was ethnic cleansing accomplished atrocities, killing hundreds of thousands [START_REF]Desert Locusts Ravage Breakaway Somalia Region[END_REF][START_REF] Adam | In Sudan, the Janjaweed Rides Again[END_REF]. Less than a year after Sudan split Republic of (North) Sudan and the Republic of South Sudan (Figure 14) in 2005, countries were fighting again [START_REF] Ottaway | From Conflict to Conflict[END_REF], and limited conflict in the Darfur provinces into another civil war. Further, in April 2012, war recommenced between North and South Sudan, with the SPLA crossing into the north and the North Sudan Forces bombing southern villages [START_REF] Ottaway | From Conflict to Conflict[END_REF]. In addition, North Sudan fought insurge the South Kordofan, Blue Nile, and Abyei provinces (Figure 14) [START_REF] Ottaway | From Conflict to Conflict[END_REF]. Conflict curred within South Sudan against the Juba-based government (Figure 14) [START_REF] Ottaway | From Conflict to Conflict[END_REF]. the president of North Sudan renamed the Janjaweed the Rapid Support Forces (RS prised of ≈10,000 fighters, as his personal army to counter diminishing military [START_REF] Adam | In Sudan, the Janjaweed Rides Again[END_REF]. The RSF continued inflicting atrocities, including aerial bombing of civilians i and South Darfur, South Kordofan, and Blue Nile provinces (Figure 14) [START_REF] Adam | In Sudan, the Janjaweed Rides Again[END_REF]. In addition to its many other conflicts, the North Sudan government fought the Jus Equality Movement, two different factions of the Sudan Liberation Movement, Liberation and Justice Movement [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF].

Further, Sudan was cut off from international aid for harboring international cells, including al-Qaeda [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]; this was underscored by a 1997 United States missi Indirect Insecurity. The government also fought other rebel armies, mostly in the south, following Sudan's 1956 independence [87,[START_REF] Ottaway | From Conflict to Conflict[END_REF] through 2020; the largest rebel force was the 40,000-strong Sudan People's Liberation Army (SPLA) [START_REF] Salopek | Shattered Sudan: Drilling for oil, hoping for peace[END_REF]. During peak war years, 2003-2005, the government attacked villages using helicopters and fixed-wing Antonov bombers [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF]. Ground forces followed, targeting the Fur, Massalit, and Zaghawa tribes especially in the Darfur provinces (Figure 14) [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF]. The military was augmented by the Janjaweed, a militia comprised of former bandits, demobilized soldiers, young tribesmen, and unemployed youths [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF]. The aim was ethnic cleansing accomplished through atrocities, killing hundreds of thousands [START_REF]Desert Locusts Ravage Breakaway Somalia Region[END_REF][START_REF] Adam | In Sudan, the Janjaweed Rides Again[END_REF]. Less than a year after Sudan split into the Republic of (North) Sudan and the Republic of South Sudan (Figure 14) in 2005, the two countries were fighting again [START_REF] Ottaway | From Conflict to Conflict[END_REF], and limited conflict in the Darfur provinces erupted into another civil war. Further, in April 2012, war recommenced between North Sudan and South Sudan, with the SPLA crossing into the north and the North Sudan Armed Forces bombing southern villages [START_REF] Ottaway | From Conflict to Conflict[END_REF]. In addition, North Sudan fought insurgencies in the South Kordofan, Blue Nile, and Abyei provinces (Figure 14) [START_REF] Ottaway | From Conflict to Conflict[END_REF]. Conflict also occurred within South Sudan against the Juba-based government (Figure 14) [START_REF] Ottaway | From Conflict to Conflict[END_REF]. In 2014 the president of North Sudan renamed the Janjaweed the Rapid Support Forces (RSF), comprised of ≈10,000 fighters, as his personal army to counter diminishing military loyalty [START_REF] Adam | In Sudan, the Janjaweed Rides Again[END_REF]. The RSF continued inflicting atrocities, including aerial bombing of civilians in North and South Darfur, South Kordofan, and Blue Nile provinces (Figure 14) [START_REF] Adam | In Sudan, the Janjaweed Rides Again[END_REF]. In 2016, in addition to its many other conflicts, the North Sudan government fought the Justice and Equality Movement, two different factions of the Sudan Liberation Movement, and the Liberation and Justice Movement [START_REF] Rothbart | Ideology and Cultural Violence in Darfur[END_REF].

Further, Sudan was cut off from international aid for harboring international terrorist cells, including al-Qaeda [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]; this was underscored by a 1997 United States missile strike on a "pharmaceutical factory" in Khartoum (Figure 14) suspected of manufacturing chemical weapons [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Despite the chronic and intense violence in Sudan that must certainly detract from optimal desert locust control capacity, and breeding areas compromised by direct insecurity, desert locust control operations in Sudan have been substantial and effective since 2003.

Western Sahara. Direct Insecurity. In 1988, a United States C-130 desert locust spray aircraft, flying from Senegal to Morocco, was downed by a shoulder-fired Polisario missile, killing the five-person crew [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Locust operations have been, at times, unfeasible in Western Sahara because of Polisario activity. During the 1986-1989, 1992-1994, and 2003-2005 control campaigns, swarms entering Western Sahara from Mauritania and Algeria could not be tracked until they crossed into Morocco or back into Algeria because of direct insecurity [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF]Desert Locust Watch[END_REF]. It is possible that direct insecurity will continue to be problematic for desert locust control for the foreseeable future.

Indirect Insecurity. Western Sahara (formerly Spanish Sahara), claimed by Morocco, has been vigorously contested by the Polisario Front since 1975 when Spain relinquished the territory [92,[START_REF]Polisario Blasts Morocco's Sahara Claim[END_REF]. The Polisario reported killing > 5000 Moroccan soldiers between 1982 and 1985 alone [START_REF]Morocco Profile-Timeline[END_REF]. Many Polisario guerrillas took refuge in Algeria from Morocco's military [START_REF]Sahara Conflict Drags On[END_REF], heightening tensions between Morocco and Algeria [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Additionally, the Polisario held 1360 Moroccan prisoners of war in Algeria as "bargaining chips", some of whom had been imprisoned for >20 years [START_REF]Sahara Conflict Drags On[END_REF][START_REF] Dismisses | [END_REF]. A United Nations-monitored ceasefire began in 1991, but Western Sahara's status has remained undecided (pending referendum), interspersed by ceasefire violations [START_REF]Morocco Profile-Timeline[END_REF]. Insecurity also persisted when violent extremist groups emerged [START_REF] Arieff | Congressional Research Service[END_REF]. In 2010, Moroccan forces stormed a protest camp in Western Sahara, triggering violent demonstrations in the capital, Elayoun. In late 2011, three European aid workers were kidnapped from Polisario-administered refugee camps in Tindouf, Algeria (Figure 2), by the Movement for Unity and Jihad in West Africa (a faction of al-Qaeda) [START_REF] Arieff | Congressional Research Service[END_REF]. Polisario-Morocco tensions continued through 2016 and, although peace talks have been underway since 2018, tensions remain high and part of the country is held by the Polisario. Uncleared landmines constituted an additional source of persistent insecurity [START_REF]Report of the Secretary-General on the Situation Concerning Western Sahara[END_REF]. The continual conditions of insecurity, akin to Somalia, have stymied the development of a functional government that has crop protection capabilities. It is likely that, in Western Sahara, desert locust incursions and breeding will have to be controlled by external interventions (e.g., by Morocco, Mauritania, or cross-border multinational strike forces), assuming infested areas are accessible [START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF].

Yemen. Direct Insecurity. The two main Yemeni desert locust breeding areas are in the Tihama and Hadramawt regions (Figure 15) [START_REF] Pedgley | Desert Locust Forecasting Manual[END_REF]. Insecurity in Yemen has resulted in a variety of obstacles to desert locust operations since 1986 [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF]. The division of Yemen, in addition to chronic tribal conflicts, was partially responsible for exacerbating the 1986-1989 desert locust plague [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Tribal and clan frictions also impaired surveillance and control to a lesser extent during the 1992-1994 upsurge. Border conflicts with Saudi Arabia have impaired communication, travel, and desert locust surveillance on the border [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF].
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Insecurity and the Recent Desert Locust Upsurge

The most recent desert locust upsurge originated in the remote Rub al Khali, or Empty Quarter, of Saudi Arabia during the late spring and early summer of 2018 [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF]Current Upsurge[END_REF]119,120]. The outbreak was not detected until late 2018 when swarms moved into Yemen, countries of the Horn of Africa, and Egypt [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF]121]. While Egypt, Eritrea, Ethiopia, and Sudan mounted substantial and largely effective control operations [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][121][122][123][124][125][126][127][128][129][130][131][132], Somalia and Yemen, both crippled by direct and indirect [active and inactive] effects of insurrection, insurgency, international and civil war, lawless interclan fighting, terrorism, and, in the instance of Somalia, landmines, were unable to conduct effective surveillance and control. After Saudi Arabia began combatting gregarious desert locust populations [121-138], Somalia and Yemen produced many swarms; from Somalia they moved into Kenya, Tanzania, Uganda, and Ethiopia, and from Yemen they invaded Oman, Iran, Pakistan, and India [swarms continued to escape from Saudi Arabia into Yemen, Oman, Iraq, Jordan, and other neighboring countries [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][121][122][123][124][125][126][127][128][129][130][131][132][133][134][135][136][137][138]. In all, ≥22 countries in Africa and Asia were involved by May 2020, and ≈2.8 million hectares were sprayed with insecticides [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF]. While it would have been best to proactively intervene against the initial outbreak in the Rub al Khali, possibly averting further intensification and dissemination of gregarious desert locust populations, efficacious control in Somalia and Yemen might also have had a pivotal impact on suppressing the upsurge [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF]. Because of the effects of armed conflict, Somalia and Yemen became engines that continued to drive the upsurge further as Saudi Arabia, by May 2020, had treated ≈400,000 ha, mitigating its role, to an extent, as a source [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF].

Insecurity and Possible Mitigation Measures

Inaccessibility of desert locust breeding areas due to insecurity is generally an intractable challenge requiring political solutions rather than technological advances. Conflicts can be acute, long-term, fluid, and sporadic as they erupt, subside, spread, morph, and 
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Insecurity and Possible Mitigation Measures

Inaccessibility of desert locust breeding areas due to insecurity is generally an intractable challenge requiring political solutions rather than technological advances. Conflicts can be acute, long-term, fluid, and sporadic as they erupt, subside, spread, morph, and multiply. Reliable forecasting in neighboring countries will likely enable prepositioning of resources to control swarms when crossing borders from inaccessible areas. In the past, multinational teams, such as the now-defunct Maghrebian Strike Force [MSF], conducted cross-border operations when certain desert locust afflicted countries failed to do so [START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF]. The MSF was formed by the Commission de lutte contre le criquet pèlerin en Afrique du Nord-Ouest (CLCPANO) using Islamic Development Bank, FAO, and member country (Algeria, Libya, Mauritania, Morocco, Tunisia) funds [139]. Active in the early and mid-1990s, the MSF mostly operated in Mauritania and Mali [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. The MSF, however, was as vulnerable to insecurity as national units. DLCO-EA also does not operate in war zones and most of its member countries (Djibouti, Eritrea, Ethiopia, Kenya, Somalia, South Sudan, Sudan, Tanzania, Uganda) have been in arrears [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF], and other regional locust control organizations were nonfunctional or abolished [START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. A new mechanism, the Commission for Controlling the Desert Locust in the Western Africa Region (CLCPRO), established in 2016, makes a regional fund available for proactively controlling desert locust invasions, has been endowed with ≈6.5 million dollars from its member countries (Algeria, Burkina Faso, Chad, Libya, Mali, Mauritania, Morocco, Niger, Senegal, and Tunisia) [START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF]140,141].

In situations where an outbreak developed in rebel-held territory adjoining a sympathetic country, covert cross-border cooperation has occurred [START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. Tensions between nations, however, might have increased if the collaboration was discovered, and further complicated if involved resources originated from international aid agencies.

In relatively recent years, the FAO's EMPRES program (Emergency Prevention System) in West and North Africa has proposed some approaches for dealing with insecurity. In the event of some forms of insecurity in a given area, the country should make efforts to ensure the safety of surveillance and control activities when possible, and, in consultation with the other countries of the region, establish reinforced surveillance in breeding areas of neighboring countries as a safeguard against possible desert locust swarm movement from the insecure area [142]. In addition, satellite imagery information on breeding conditions in the inaccessible areas is almost immediately available, making it possible to assess the probability of outbreaks and the value of strengthening surveillance in accessible breeding areas of neighboring countries [142]. As a contingency against actively developing gregarious desert locust episodes in insecure areas, emergency control plans for the existing national and regional systems can enable rapid response at lower cost compared to times when control systems and plans were not in place [142]. It has been suggested that desert locust survey teams should be comprised of indigenous personnel, familiar with the remote breeding areas, and with the consent and protection of local populations [142]. While the problem of insecurity has long been known, the recent desert locust episode demonstrates that this crucial aspect of desert locust management has not yet been sufficiently addressed.

Conclusions

While insecurity is mostly envisaged as a direct obstruction to surveillance and control operations, we suggest that insecurity is considerably more complex and crippling than direct obstruction. In 10 of the 13 countries (77%) we cited as examples, insecurity, whether direct or indirect (Tables 1 and2), occurred. Insecurity in some instances has been chronic, and diverse, often involving multiple simultaneous conflicts. Indirect, active and inactive, insecurity does not obviously impair surveillance and control, but the adverse impacts of indirect insecurity, although unmeasured, are likely substantial, particularly in countries with sever insecurity problems, such as, at present, Somalia, Yemen, Sudan, and possibly Chad. The challenge of insecurity on grand, varied, and complex scales presents a unique obstacle to desert locust control in breeding areas. Further, other desert locust afflicted countries are also beset by insecurity (e.g., Afghanistan, Iraq, Libya, Syria). While some desert locust scenarios might be managed within conflict zones through one creative means or another, operations will likely continue to be impeded and thwarted by insecurity.

Impediments posed by insecurity must be better taken into account for desert locust risk management planning, and realistic mitigation measures must be carefully designed and implemented.
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 1 Figure 1. Landmines limit access to some areas frequented by desert locusts; photo credit Neil Rickards.
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 3 Figure 3. Locations and regions mentioned in the text in relation to desert locust activity and insecurity in Algeria. Primary breeding areas in red.
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 4 Figure 4. Locations and regions mentioned in the text in relation to desert locust activity and insecurity in Chad. Primary breeding areas in red.
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 5 Figure 5. Locations and regions mentioned in the text in relation to desert locust activity and insecurity in Eritrea. Primary breeding areas in red.
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 6 Figure 6. Eritrean People's Liberation Front (EPLF) soldiers during the war for independence from Ethiopia; photo credit Gwynne Roberts (copyright Gwynne Roberts).
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 7 Figure 7. EPLF fighter, holding AK-47, who served 15 years on the front lines, with his wife who served on the front lines for 10 years; Eritrean women train and fight alongside men and they were reputed to be ferocious in battle; photo credit Allan Showler.
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 8 Figure 8. Locations and regions mentioned in the text in relation to desert locust activity and inse curity in Ethiopia. Primary breeding areas in red.
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 9 Figure 9. Locations and regions mentioned in the text in relation to desert locust activity curity on the India-Pakistan border. Primary breeding areas in red.
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 10 Figure 10. Locations and regions mentioned in the text in relation to desert locust activity and in-Scheme 2006. A Tuareg insurgency intensified when government army bases in Kidal, Menaka, and Tessalit (Figure10) were attacked, but the conflict was resolved two months later[START_REF] Ba | Tuareg Nationalism and Cyclical Pattern of Rebellions: How the Past and Present Explain Each Other; Sahel Research Group[END_REF][START_REF] Brahim | Conflict in Northern Mali: Internal Facts and Regional Impacts[END_REF]. In late 2011, another Tuareg rebellion began, strengthened by mercenaries from the Libyan civil war[59- 61], and sporadic violent Tuareg unrest has continued through 2020.
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 11 Figure 11. Locations and regions mentioned in the text in relation to desert locust activity and insecurity in Niger. Primary breeding areas in red.
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 12 Figure 12. Locations and regions mentioned in the text in relation to desert locust activity and insecurity in Somalia. Primary breeding areas in red.
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 13 Figure 13. African Union Mission in Somalia (AMISOM) soldiers in Jubaland, Somalia, to combat insurgent militias; photo credit Stuart Price.
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 202114 Figure 14. Locations and regions mentioned in the text in relation to desert locust activity security in North and South Sudan. Primary breeding areas in red.
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 14 Figure 14. Locations and regions mentioned in the text in relation to desert locust activity and insecurity in North and South Sudan. Primary breeding areas in red.
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 15 Figure 15. Locations and regions mentioned in the text in relation to desert locust activity and inScheme 1990. when traditionalist North Yemen and Marxist South Yemen (Figure 15) merged after years of skirmishing [98,99]. In mid-1994, a civil war erupted for several weeks, ending in defeat for separatist southern Yemen [99,100]. The war damaged infrastructure [100] and ministries were looted, including the ministry of agriculture, weakening Yemen's anti-locust capability [8]. North versus south enmity persisted [100,101] through 2020. There are ≈60 million firearms in Yemen, nearly three per citizen [102]. Assault rifles, grenades, and light firearms were, into the 1990s, commonly sold from street stalls and at arms bazaars [102]. Long-standing animosities resulted in many inter-clan and anti-government clashes [98], and Yemeni clans often used foreign hostages to extort the government for funds and infrastructural improvements [103]. Tribal resistance [104-107], however, also intensified, involving surrounding and laying siege to Sana'a (Figure 15) in 2011 [108]. Chronic disputes over tribal homelands and national frontiers have afflicted Yemen since the 1930s [109]. As an example of border disputes, in 1998, Yemen alleged that Saudi Arabia violated its border 73 times over four weeks; transgressions included military deployments, shelling, and violations of air space and waters [8,110-113]. During 1999, a fundamentalist imam exhorted Muslims to kill all "infidels" in Yemen [8]. In 2000, al-Qaeda suicide bombers attacked the U.S.S. Cole in the Port of Aden (Figure 15) [8] and a French tanker [114]. The United States and Yemeni militaries struck at al-Qaeda by air and ground mainly in remote Marib and Hadramawt areas (Figure 15) [8,115]. In November 2002, a United States missile strike killed the leader of al-Qaeda in the Arabian Peninsula [100]. Mass protests in 2004 over myriad grievances led to arrests and military clashes with insurrectionists [100]. Emergent combatant groups in 2004 included the Houthis and the Believing Youth, and through 2016, six consecutive wars enveloped the Sa'ada, Hajja, Amran, and Al Jawf governorats (Figure 15), killing thousands [100,101]. The 2011 rise of Arab Spring resulted in President Saleh's removal in 2012, fracturing the army and the government [100]. Associated protests pitted civilians against law enforcement and military personnel, and many people were consequently attacked by activists and gangs [100,116]. Houthi rebels captured Sana'a (Figure 15) in September 2014 and the insurgency became a civil war [116]. The Houthis also battled al-Qaeda and Sunni Salafist movements [117]. In 2009, al-Qaeda called for an Islamic caliphate in Yemen [116] and seized territory in outlying provinces [118]. In March 2015, a Saudi-led military coalition (10 countries) intervened to defend the government against the Houthis and al-Qaeda and its affiliates [116,117]. By October, the coalition uprooted fighters of Zaydi Shiite Ansar Allah (Partisans of God) from most of southern Yemen, and the initial air campaign escalated into a ground conflict committing thousands of troops [118]. From March to October, ≈5000 people were killed,
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 16 Figure 16. Yemeni child walks though rubble from Saudi/Emirati airstrike on Sana'a; photo credit Felton Davis/Flickr.
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Table 1 .

 1 Thirteen countries with major desert locust breeding areas, and where direct insecurity occurred during different time periods[START_REF] Showler | Desert locust control: The effectiveness of proactive interventions and the goal of outbreak prevention[END_REF][START_REF] Showler | Early intervention against desert locusts: Current proactive approach and the possibility of sustainable outbreak prevention[END_REF][START_REF] Showler | Synopsis of the desert locust, Schistocerca gregaria (Forskål), plague 1986-1989 and the concept of strategic control[END_REF][START_REF] Showler | Locust (Orthoptera: Acrididae) outbreak in Africa and Asia, 1992-1994[END_REF][START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF][START_REF] Belayneh | Acridid pest management in the developing world: A challenge to the rural population, a dilemma to the international community[END_REF][START_REF] Showler | A summary of control strategies for the desert locust, Schistocerca gregaria (Forskål)[END_REF][121][122][123][124][125][126][127][128][129][130][131][132][133][134][135][136][137][138].

	Countries with
	Breeding Areas

Table 2 .

 2 Thirteen countries with major desert locust breeding areas, and where indirect insecurity occurred during different time periods.

	Countries with		Indirect Insecurity a
	Breeding Areas	1986-1989 d	1992-1994 d

√ √ √ a Includes areas made inaccessible because of land mines. b 1986-1989 was a plague, 1992-1994 and 2003-2005 were upsurges, 2007-2016 had no major desert locust episodes and many outbreaks, and 2018-2020 was an ongoing upsurge at the time of this writing. c No reports of direct insecurity, 2003-2005; in July 2005, one area in Sudan was not accessible to ground surveillance due to "access difficulties" [143]. d This upsurge was ongoing at the time of this writing.

√ √ √ √a Both active and inactive indirect insecurity. b India and Pakistan desert locust control capacities were likely not impaired by the Kashmir conflict[START_REF] Showler | The importance of armed conflict to desert locust control, 1986-2002[END_REF]. c Despite Saudi Arabia's involvement in its ongoing war with Yemen, desert locust control capacity was likely not impaired. d 1986-1989 was a plague, 1992-1994 and 2003-2005 were upsurges, 2007-2016 had no major desert locust episodes and many outbreaks, and 2018-2020 was an ongoing upsurge at the time of this writing.
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